International Tables for Crystallography (2006). Vol. A, Space group 1, pp- 112-113.

Pl C

No. 1 Pl

ap

G

b

1 Triclinic

Patterson symmetry P 1

Cp
0

ap

O+ O+

Drawings for type II cell. Proper cell reduction (Chapter 9.2) gives either
a type I (a, B, yacute) or a type II (o, B, Y non-acute) cell.

Origin arbitrary
Asymmetric unit

Symmetry operations

(1 1

Copyright © 2006 International Union of Crystallography
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CONTINUED No. 1 Pl

Generators selected (1); #(1,0,0); #(0,1,0); #(0,0,1)

Positions

Multiplicity, Coordinates Reflection conditions
Wyckoff letter,

Site symmetry General:

1 a 1 D) x,y,z no conditions

Symmetry of special projections
Along [001] p1 Along [100] p1 Along [010] p1
a=a b'=b a=b b'=c, a=c b'=a,

P P

Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I none
IIa none
IIb  none

Maximal isomorphic subgroups of lowest index

IIc [2]Pl1(a=2aorb =2bor¢ =2corb=b+c,¢=—-b+cora=a—c,c=a+cora=a+bb =-a+b
ora=b+c¢,b=a+c,c=a+b)(1)

Minimal non-isomorphic supergroups

I [2] PT(2); [21 P2 (3); [21 P2, (4); [21C2(5); [2] Pm (6); [2] Pc (7); [21 Cm (8); [21 Ce (9); [3] P3 (143); [3] P3, (144);
[31P3,(145); [3]1 R3 (146)

II none
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International Tables for Crystallography (2006). Vol. A, Space group 2, pp- 114-115.

Pl C!

No. 2 P1

0 by
o ) o
) o o
(7]
’o ) )
o\

Oo\o
\O

b

Triclinic
Patterson symmetry P 1

o

-
[e]
o—" Cr

\
.

-©

O+

Drawings for type II cell. Proper cell reduction (Chapter 9.2) gives either

a type I (a, B, yacute) or a type II (o, B, Y non-acute) cell.

Origin at 1
Asymmetric unit 0<x<4;
Symmetry operations

(1 1 @) 1 0,0,0

Copyright © 2006 International Union of Crystallography
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CONTINUED

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2)

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

2 01 (D) x, 3,z () x5,z

—_
=
—_

1=

=
1=

1 1 0,3,3

Lofo1 1,03

1 e 1 1,20

1 d 1 1,0,0

1 ¢ 1 0,1,0

1 b 1 0,0,1

1 a 1 0,0,0

Symmetry of special projections

Along [001] p2 Along [100] p2
a=a b’ =b, a=b, b'=c,
Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups
I [21P1(1) 1

ITIa none

IIb none

Maximal isomorphic subgroups of lowest index

No. 2 Pl

Reflection conditions

General:
no conditions

Special: no extra conditions

Along [010] p2
a=c, b'=a,
Origin at 0,y,0

IIc [2]PI(@=2aorb=2borc¢ =2corb =b+c,¢=—b+cora=a—c,c=a+cora =a+bb =—-a+b

ora =b+c,b=a+c,c=a+b)(2)

Minimal non-isomorphic supergroups

I [2]1 P2/m (10); [2] P2,/m (11); [2] C2/m (12); [2] P2/c (13); [2] P2,/c (14); [2] C2/c (15); [3]1 P3 (147); [3]1 R3 (148)

II none
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International Tables for Crystallography (2006). Vol. A, Space group 3, pp- 116-119.

P2 C,

2 Monoclinic
No. 3 P121 Patterson symmetry P12/m1
UNIQUE AXIS b
/0 ' a/‘ ~—r =
/ | c
' ' ' -— —
f
b f f
+O +O
O+ O+
0 O O
/ / O+ O+

a

Origin on 2

Asymmetric unit 0<x<1; 0<y<l1; 0<z<

SIE

Symmetry operations

(11 (2) 2 0,50
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CONTINUED No. 3 P2

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2)

Positions

Multiplicity, Coordinates Reflection conditions
Wyckoff letter,

Site symmetry General:

2 e 1 D) x,y,z 2) x,y,Z no conditions

Special: no extra conditions

1 d 2 3V

I ¢ 2 3,50

1 b 2 0,y,3

1 a 2 0,y,0

Symmetry of special projections

Along [001] p1m1 Along [100] p11m Along [010] p2
a=a b'=b a=b b’ =c, a=c b'=a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I 21P1(1) 1
IIa none

Ib  [2]P12,1 (b =2b)(P2,4);[2]C121 (a =2a,b' =2b)(C2,5); [2]A121 (b’ =2b,¢ =2¢)(C2, 5);
[21F121(a =2a,b' = 2b,¢ = 2¢)(C2, 5)

Maximal isomorphic subgroups of lowest index
IIc  [2]1P121 (b =2b)(P2,3);[2]P121(¢ =2cora =2aora =a+c,c=—-a+c)(P2,3)

Minimal non-isomorphic supergroups

| [2] P2/m(10); [2] P2/c(13); [21 P222(16); [2]1 P222,(17); [2]1 P2,2,2 (18); [2]1 C222 (21); [2] Pmm?2 (25); [2] Pcc2 (27);
[21 Pma2 (28); [2] Pnc2 (30); [2] Pba2 (32); [2] Pnn2 (34); [2] Cmm?2 (35); [2] Ccc2 (37); [2]1 P4 (75); (21 P4, (77);
[2]1 P4 (81); [31 P6 (168); [3]1 P6, (171); [3] P6, (172)

I [2]1C121(C2,5);[2]1A121(C2,5);[2]11121(C2,5)
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P2

No. 3 P112
UNIQUE AXIS ¢
° —
/ |
] ' '
“o/ ' o/

Origin on 2
Asymmetric unit 0<x<i; 0<y<I;
Symmetry operations

(D1 (2)2 0,0,z

118

2 Monoclinic

Patterson symmetry P112/m

-— S .
+O +O
O+ O+
+O +O
O+ O+



CONTINUED No. 3 P2

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2)

Positions

Multiplicity, Coordinates Reflection conditions
Wyckoff letter,

Site symmetry General:

2 e 1 D) x,y,z 2) x,9,z no conditions

Special: no extra conditions

,_.
.
[\®]

=

2=
N

1 ¢ 2 0,3,z

1 b 2 1.0,z

1 a 2 0,0,z

Symmetry of special projections

Along [001] p2 Along [100] p1m1 Along [010] p11m
a=a b'=b a=b b =c a=c b =a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I 21P1(1) 1
IIa none

Ib  [2]P112,(¢ =2¢)(P2,,4); [2]A112 (W =2b,¢ =2¢)(C2,5); [2]B112(a = 2a,¢ =2¢)(C2, 5);
[21F112(a =2a,b' = 2b,¢ = 2¢)(C2, 5)

Maximal isomorphic subgroups of lowest index
IIc [2]P112(c =2¢)(P2,3);[2]P112(a =2aorb =2bora =a—b,b'=a+b)(P2,3)

Minimal non-isomorphic supergroups

I [2]1 P2/m (10); [2]1 P2/c (13); [2] P222(16); [2]1 P222, (17); [2]1 P2,2,2(18); [2]1C222 (21); [2] Pmm2 (25); [2] Pcc2 (27);
[21 Pma2 (28); [2] Pnc2 (30); [2] Pba2 (32); [2] Pnn2 (34); [2] Cmm?2 (35); [2] Ccc2 (37); [2]1 P4 (75); (21 P4, (77);
[2]1 P4 (81); [31 P6 (168); [3]1 P6, (171); [3] P6, (172)

I [21A112(C2,5);[21B112(C2,5);[2]1112(C2,5)
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International Tables for Crystallography (2006). Vol. A, Space group 4, pp- 120-123.

P2,
No. 4

2
G
P12,1

UNIQUE AXIS b

a,

Origin on 2,

Asymmetric unit 0<x<1;

[SIE

Symmetry operations

(11 (2) 2(0,5,0) 0,0

Copyright © 2006 International Union of Crystallography
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CONTINUED

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2)

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

2 a 1 (1) x,y,z (2) %,y+3,Z

Symmetry of special projections

Along [001] plgl Along [100] p11g
a=a b'=b a=>b b =c,
Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups
I 21P1(1) 1

IIa none

IIb none

Maximal isomorphic subgroups of lowest index

No. 4

Reflection conditions

General:

0kO: k=2n

Along [010] p2
a=c b'=a
Origin at 0,y,0

Ilc [2]P12,1(¢ =2cora =2aora’ =a+c,¢ =—a+c)(P2,4);[3]P12,1(b =3b) (P2, 4)

Minimal non-isomorphic supergroups

P2,

I [21P2,/m(11); [2] P2,/c (14); [21 P222,(17); [2]1 P2,2,2 (18); [2]1 P2,2,2, (19); [2]1C222, (20); [2] Pmc2, (26); [2] Pca?2, (29);
[21Pmn2, (31); [2] Prna2, (33); [2] Cmc2, (36); [2] P4, (76); [2] P4, (78); [3] P6, (169); [3] P6, (170); [3] P6, (173)

I [21C121(C2,5); [21A121(C2,5);[2]11121(C2,5);[21P121 (b’ = 3ib)(P2,3)
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P2,

No. 4 P112,

UNIQUE AXIS ¢

Origin on 2,
Asymmetric unit
Symmetry operations

(1 (2) 2(0,0,3) 0,0,z

122

2 Monoclinic

Patterson symmetry P112/m

lar




CONTINUED No. 4 P2,

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2)

Positions

Multiplicity, Coordinates Reflection conditions
Wyckoff letter,

Site symmetry General:

2 a 1 (1) x,y,z 2) x,y,z+ 3 00l : [=2n
Symmetry of special projections

Along [001] p2 Along [100] plgl Along [010] p11g

a=a b'=b a=b, b =c a=c b'=a,

Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I 21P1(1) 1

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
Ilc [2]P112, (2 =2aorb =2bora =a—b,b =a+b)(P2,4);[3]P112, (¢ =3c)(P2,,4)

Minimal non-isomorphic supergroups

I [21P2,/m(11); [2] P2,/c (14); [21 P222,(17); [2]1 P2,2,2 (18); [2]1 P2,2,2, (19); [2]1C222, (20); [2] Pmc2, (26); [2] Pca?2, (29);
[21Pmn2, (31); [2] Prna2, (33); [2] Cmc2, (36); [2] P4, (76); [2] P4, (78); [3] P6, (169); [3] P6, (170); [3] P6, (173)

II  [2]A112(C2,5);[21B112(C2,5);[2]11112(C2,5);[21P112(c = L) (P2,3)
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International Tables for Crystallography (2006). Vol. A, Space group 5, pp- 124-131.

C2 C

No. 5 Cl121

UNIQUE AXIS b, CELL CHOICE 1

Origin on 2
Asymmetric unit 0<x<3;

Symmetry operations

For (0,0,0)+ set

(H 1 2)2 0,50
For (3,3,0)+ set

(1 1(3,3,0) (2) 2(0,5,0) 1,50

Copyright © 2006 International Union of Crystallography
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); ¢(3,3,0); (2)

Positions

Multiplicity,
Wyckoff letter, O
Site symmetry (0,0,00+ (3,5,0)+

Coordinates

4 Cc 1 (1) X, Y52 (2) .f,y,Z_

2 b 2 0,y,:
2 a 2 0,y,0

Symmetry of special projections

Along [001] c1m1 Along [100] p11m
a=a b'=b a=;b b =c¢,
Origin at 0,0, z Origin at x,0,0

Maximal non-isomorphic subgroups

I [2]1C1(P1,1) 1+

IIa [2]P12,1(P2,4) 1;2+(3,3,0)
[21P121(P2,3) 1; 2

IIb none

Maximal isomorphic subgroups of lowest index

IIc  [2]C121(c'=2cora =a+2¢c,c¢=2c)(C2,5);[3]C121 (b

Minimal non-isomorphic supergroups

No. 5

C2

Reflection conditions

General:

hkl : h+k=2n
hOl : h=2n
Okl : k=2n
hkO: h+k=2n
0kO: k=2n
h00: h=2n

Special: no extra conditions

Along [010] p2

a=c

1
bl—ga

Origin at 0,y,0

I [21C2/m (12); [21C2/c (15); [21C222, (20); [2] C222 (21); [2] F 222 (22); [211222 (23); [2]12,2,2, (24); [2] Amm?2 (38);
[21Aem?2 (39); [2] Ama?2 (40); [2] Aea?2 (41); [2] F mm2 (42); [2] Fdd 2 (43); [2] Imm?2 (44); [2] Iba?2 (45); [2] Ima?2 (46);
[2]74 (79); [2]14, (80); [2]14 (82); [3] P312(149); [31 P321(150); [3] P3, 12 (151); [31 P3,21 (152); [3] P3,12 (153);

[3]P3,21(154); [3]R32 (155)
I [2]P121(a =lab =1b)(P2,3)
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C 2 C23 2 Monoclinic

No. 5

UNIQUE AXIS b, DIFFERENT CELL CHOICES

Cl21

UNIQUE AXIS b, CELL CHOICE 1

Origin on 2
Asymmetric unit 0<x<3; 0<y<i; 0<z<I1

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, .
Site symmetry (0,0,0)+ (35,3,0)+ General:
4 ¢ 1 (1) x,y,2 (2) %,y.Z hkl : h+k=2n
hOl : h=2n
Okl : k=2n
hkO: h+k=2n
0kO: k=2n
h00: h=2n
Special: no extra conditions
2 b 2 0,34
2 a 2 0,y,0
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No. 5

CONTINUED

Al21]

UNIQUE AXIS b, CELL CHOICE 2

Origin on 2

Asymmetric unit 0<x<3; 0<y<i 0<£z<I1

NI

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(0,3,3); (2)

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

(0,0,0)4+ (0,3,3)+

4 ¢ 1 (1) x,,2 () %,z
2 b 2 33053

2 a 2 07ya0

1121

UNIQUE AXIS b, CELL CHOICE 3

Origin on 2

Asymmetric unit 0<x<

1.
29

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(3,4,3); (2)

Positions
Coordinates

(0,0,0)+  (5,5.3)+

Multiplicity,
Wyckoff letter,
Site symmetry

4 ¢ 1 (D x,,z (2) x,y,z
2 b 2 5,5,0
2 a 2 anvo

127

C2

Reflection conditions

General:

hkl : k+1=2n
hOol : [ =2n
Okl : k+1=2n
hkO: k=2n
0kO: k=2n
00/ : [=2n

Special: no extra conditions

Reflection conditions

General:

hkl -
hOl :
Okl -
hk0 :
0k0 :
h0O :
00! :

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

Special: no extra conditions



C,

All12

C2

No. 5

UNIQUE AXIS ¢, CELL CHOICE 1

——1——
/ /
I R B
00/6090/

Origin on 2

0<x<1; O

IN
<

IN
o
IN
s\l

IN

Asymmetric unit

Symmetry operations

For (0,0,0)+ set

(1 2)2 0,0,z
For (0,5, 3)+ set

(1) t(Oa%a%) (2) 2(0707%) Oml'uZ

2 Monoclinic

Patterson symmetry A112/m

—t —_— —

—t -—

- — —i

— — —i

i _— —

- — i
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CONTINUED

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); #(0,3,3); (2)

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

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

4 c 1 (1) X, Y52 (2) X7)77Z
2 b 2 3,0,z
2 a 2 OaOaZ

Symmetry of special projections
Along [001] p2 Along [100] c1m1
a=a b’ = b a=b b =c

Origin at 0,0,z Originp atx,0,0

Maximal non-isomorphic subgroups

I [2]A1(P1,1) 1+

IIa [2]P112 (P2,4) 1;2+4(0,3,3)
[21P112(P2,3) 1; 2

IIb none

Maximal isomorphic subgroups of lowest index

IIc [2]A112(a’'=2aora =2ab =2a+b)(C2,5);[3]1A112(c =3¢)(C2,5)

Minimal non-isomorphic supergroups

No. 5

C2

Reflection conditions

General:

hkl : k+1=2n
hkO: k=2n
Okl : k+1=2n
hol : [=2n
00l : I=2n
0kO: k=2n

Special: no extra conditions

Along [010] p11m

_ 1
a = ;¢

b'=a,

Origin at 0,y,0

I [21C2/m (12); [21C2/c (15); [21C222, (20); [2] C222 (21); [2] F 222 (22); [211222 (23); [2]12,2,2, (24); [2] Amm?2 (38);
[21Aem?2 (39); [2] Ama?2 (40); [2] Aea?2 (41); [2] F mm2 (42); [2] Fdd 2 (43); [2] Imm?2 (44); [2] Iba?2 (45); [2] Ima?2 (46);
[2]74 (79); [2]14, (80); [2]14 (82); [3] P312(149); [31 P321(150); [3] P3, 12 (151); [31 P3,21 (152); [3] P3,12 (153);

[3]P3,21(154); [3]R32 (155)
I [2]P112( = ib,¢ = i) (P2,3)
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C 2 C23 2 Monoclinic
No. 5

UNIQUE AXIS ¢, DIFFERENT CELL CHOICES

A112 b

UNIQUE AXIS ¢, CELL CHOICE 1 A

Origin on 2
Asymmetric unit 0<x<1; 0<y<i; 0<z<H

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, .
Site symmetry (0,0,0)+ (0,5,5)+ General:
4 ¢ 1 (1) x,y,2 (2) 5,3,z hkl : k+1=2n
hkO: k=2n
Okl : k+1=2n
hol : [ =2n
00/ : I=2n
0kO: k=2n
Special: no extra conditions
2 b 2 1,0,z
2 a 2 0,0,z
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CONTINUED

B112

UNIQUE AXIS ¢, CELL CHOICE 2

Origin on 2

L 0<z<

Asymmetric unit 0<x<1; 0<y<
1(0,1,0); #(0,0,1); #(3,0,3); (2)

Generators selected (1); 7(1,0,0);

Positions

Multiplicity,
Wyckoff letter, 1 1
Site symmetry (0,0,00+ (3,0,7)+

Coordinates

4 C 1 (1) X, Y52 (2) X7)77Z

I112

UNIQUE AXIS ¢, CELL CHOICE 3

Origin on 2
Asymmetric unit 0<x<1; 0<y<i; 0<z<H4
Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(5,3,3); (2)

Positions
Multiplicity, Coordinates
Wyckoff letter, L
Site symmetry (0,0,00+  (3,7,3)+

4 ¢ 1 (1) x,y,z (2 x5,z

131

No. 5

C2

Reflection conditions

General:

hkl : h+1=2n
hkO: h=2n
Okl : 1=2n
hOl : h+1=2n
00! : 1=2n
h00: h=2n

Special: no extra conditions

Reflection conditions

General:

hkl : h+k+1=2n
hkO: h+k=2n
Okl : k+1=2n
hOl : h+1=2n
00l : I =2n

h00: h=2n

0k0: k=2n

Special: no extra conditions



International Tables for Crystallography (2006). Vol. A, Space group 6, pp- 132-135.

1
Pm C s m Monoclinic
No. 6 Plml

Patterson symmetry P12/m1

UNIQUE AXIS b

’ 0 a ) o

Cr

ap

Origin on mirror plane m
Asymmetric unit 0<x<1; 0<y<i; 0<z<I1
Symmetry operations

(1 (2) m x,0,z

Copyright © 2006 International Union of Crystallography 132
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CONTINUED No. 6 Pm

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2)

Positions

Multiplicity, Coordinates Reflection conditions
Wyckoff letter,

Site symmetry General:

2 ¢ 1 D) x,y,z 2) x,9,z no conditions

Special: no extra conditions
1 b m X, 3,2
1 a m x,0,z

Symmetry of special projections

Along [001] p11m Along [100] p1m1 Along [010] p1
a=a b'=b a=>b b =c, a=c b'=a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I 21P1(1) 1
IIa none

IIb [2]Plcl(c =2¢)(Pc,7);[2]P1lal(a’ =2a)(Pc,7);[2]1Blel (a'=2a,¢ =2¢)(Pc,7); [21C1m]1 (a =2a,b'=2b) (Cm, 8);
[2]A1m1(b'=2b,¢’ =2¢)(Cm, 8); [2] F1m1 (a’ =2a,b’ =2b,¢' =2¢) (Cm, 8)

Maximal isomorphic subgroups of lowest index
IIc [21P1m1 (b =2b)(Pm,6);[2]P1ml (¢ =2cora =2aora =a+c,c =—a+c)(Pm,6)

Minimal non-isomorphic supergroups

I [2]1 P2/m (10); [2] P2,/m (11); [2] Pmm2 (25); [2] Pmc2, (26); [2] Pma?2 (28); [2]1 Pmn2, (31); [21Amm2 (38); [2] Ama2 (40);
[3]1P6(174)

I [21C1m1(Cm,8); [2]A1m1(Cm,8);[2]1I1m1 (Cm, 8)
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1
Pm C s m Monoclinic

No. 6 Pllm Patterson symmetry P112/m

UNIQUE AXIS ¢

' 0 b < =)

Origin on mirror plane m

Asymmetric unit 0<x<1;, 0<y<l; O

IN
N
IN

[STES

Symmetry operations

(H 1 2) m x,y,0
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CONTINUED No. 6 Pm

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2)

Positions

Multiplicity, Coordinates Reflection conditions
Wyckoff letter,

Site symmetry General:

2 ¢ 1 D) x,y,z 2) x,y,Z no conditions

Special: no extra conditions

1 b m X, 3

1 a m x,y,0

Symmetry of special projections

Along [001] p1 Along [100] p11m Along [010] p1m1
a=a b'=b a=b b =c a=c b=a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I 21P1(1) 1
IIa none

IIb [2]P1la(a =2a)(Pc,7);[2]1P11b (b =2b)(Pc,7);[2]Cl1le(a’ =2a,b'=2b)(Pc,7); [2]A11m (b’ =2b,¢ =2¢)(Cm, ),
[21Bl11m(a’=2a,¢ =2¢)(Cm, 8); [2] F11m(a’=2a,b’'=2b,¢' =2¢) (Cm, 8)

Maximal isomorphic subgroups of lowest index
IIc [21P11m(c =2¢)(Pm,6);[21P11m(a =2aorb =2bora’ =a—b,b=a-+b)(Pm,6)

Minimal non-isomorphic supergroups

I [2]1 P2/m (10); [2] P2,/m (11); [2] Pmm2 (25); [2] Pmc2, (26); [2] Pma?2 (28); [2]1 Pmn2, (31); [21Amm2 (38); [2] Ama2 (40);
[3]1P6(174)

II  [2]1A11m(Cm,8);[2]1B11m(Cm,8); [2]1111m (Cm, 8)
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International Tables for Crystallography (2006). Vol. A, Space group 7, pp- 136—143.

2
Pc C s m Monoclinic
No. 7 Plcl

Patterson symmetry P12/m1

UNIQUE AXIS b, CELL CHOICE 1

< =)
M [ 1
| | |
| I |
| I |
| | |
| | |
| | |
| | |
c | | ] &
O+ O+
®©- ®-
0
O+ O+

Origin on glide plane ¢
Asymmetric unit 0<x<1; 0<y<4§;
Symmetry operations

(H 1 2) ¢ x,0,z
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CONTINUED No. 7

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
2 a 1 (1) x,y,z 2) x,y,z+ 3 hol : 1=2n
00/ : I=2n
Symmetry of special projections
Along [001] p11m Along [100] plgl Along [010] p1
a=a b'=b a=b b'=c, a'=jc b'=a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I 21P1(1) 1

IIa none

IIb [2]Clcl(a =2a,b =2b)(Cc,9)

Maximal isomorphic subgroups of lowest index
IIc  [2]1P1c1(b'=2b)(Pc,7);[2]1Plcl(a’=2aora =2a,¢=2a+c¢)(Pc,7)

Minimal non-isomorphic supergroups

I [2] P2/c (13); [2] P2,/c (14); [2] Pmc2, (26); [2] Pcc2 (27); [2] Pma?2 (28); [2] Pca?2, (29); [2] Pnc2 (30); [2] Pmn2, (31);
[2] Pba2 (32); [2] Pna?2, (33); [2] Pnn2 (34); [2] Aem2 (39); [2] Aea?2 (41)

Il [21Clel(Ce,9);[2]1A1m1(Cm,8);[2111c1(Cc,9); [2]P1ml (¢ = i) (Pm, 6)
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2
Pc C s m Monoclinic
No. 7

UNIQUE AXIS b, DIFFERENT CELL CHOICES

—

Plcl

UNIQUE AXIS b, CELL CHOICE 1

Origin on glide plane ¢
Asymmetric unit 0<x<1; 0<y<i; 0<z<I

Generators selected (1); 7(1,0,0); #(0,1,0); 7(0,0,1); (2)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
2 a1 (D x,y.2 (2) x,5,2+3 hOl : 1=2n
00/ : I=2n
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CONTINUED No. 7

Plnl

UNIQUE AXIS b, CELL CHOICE 2

Origin on glide plane n
Asymmetric unit 0<x<1; 0<y<i 0<z<1
Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2)

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

2 a 1 (1) x,y,2 2)x+3,9,2+3

Plal
UNIQUE AXIS b, CELL CHOICE 3

Origin on glide plane a
Asymmetric unit 0<x<1; 0<y<i; 0<z<I1
Generators selected (1); 7(1,0,0); #(0,1,0); 7(0,0,1); (2)

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

2 a1 (1) x,y,z (2) x+3,9.2

139

Pc

Reflection conditions

General:

hOl : h+1=2n
h00: h=2n
00/ : [=2n

Reflection conditions

General:
hOl : h=2n
h00: h=2n



2
Pc C s m Monoclinic

No. 7 Plla Patterson symmetry P112/m

UNIQUE AXIS ¢, CELL CHOICE 1

N
o>
c
0

ap

Origin on glide plane a
Asymmetric unit 0<x<1; 0<y<lI; 0<z<
Symmetry operations

(H 1 2) a x,v0
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CONTINUED No. 7

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
2 a 1 (1) x,y,z 2) x4+ 3,32 hkO: h=2n
h00: h=2n
Symmetry of special projections
Along [001] p1 Along [100] p11m Along [010] plgl
a =ia b =b a=b b =c a=c b'=a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I 21P1(1) 1

IIa none

IIb [2]Alla( =2b,¢ =2¢)(Cc,9)

Maximal isomorphic subgroups of lowest index
IIc  [2]1P1la(c =2¢)(Pc,7);[21P11a(b' =2bora =a+2b,b' =2b)(Pc,7)

Minimal non-isomorphic supergroups

I [2] P2/c (13); [2] P2,/c (14); [2] Pmc2, (26); [2] Pcc2 (27); [2] Pma?2 (28); [2] Pca?2, (29); [2] Pnc2 (30); [2] Pmn2, (31);
[2] Pba2 (32); [2] Pna?2, (33); [2] Pnn2 (34); [2] Aem2 (39); [2] Aea?2 (41)

I [2]1A11a(Cc, 9);[21B11m(Cm, 8); [21111a(Cc,9); [21P11m (2’ = La) (Pm, 6)
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Pc

No. 7

UNIQUE AXIS ¢, DIFFERENT CELL CHOICES

—

C’

Plla

UNIQUE AXIS ¢, CELL CHOICE 1

Origin on glide plane a

Asymmetric unit

Generators selected

Positions
Multiplicity,
Wyckoff letter,
Site symmetry

2 a 1

D x,y,z

0<x<I1;

0<y<1; O

(1); £(1,0,0); ¢(0,1,0); ¢(0,0,1); (2)

Coordinates

) x+:,32

IN
IN

142

Monoclinic

Reflection conditions

General:

hkO: h=2n
h00: h=12n



CONTINUED

Plln

UNIQUE AXIS ¢, CELL CHOICE 2

Origin on glide plane n
Asymmetric unit 0<x<1; 0<y<1; 0<z<!
Generators selected (1); 7(1,0,0); ¢(0,1,0); 7(0,0,1); (2)

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

2 a 1 (1) x,y,z @) x+3,y+3,2

P11b

UNIQUE AXIS ¢, CELL CHOICE 3

Origin on glide plane b
Asymmetric unit 0<x<1; 0<y<l; 0<z<
Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); (2)

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

2 a 1 (D) x,y,z @) x,y+3,2

143

No. 7 Pc

Reflection conditions

General:
hkO: h+k=2n

h00: h=2n
0kO: k=2n

Reflection conditions

General:
hkO: k=2n
0kO: k=2n



International Tables for Crystallography (2006). Vol. A, Space group 8, pp- 144-151.
Cm C 3 m Monoclinic
No. 8 Clml Patterson symmetry C12/m1

UNIQUE AXIS b, CELL CHOICE 1

H% 0 a o o

Origin on mirror plane m
Asymmetric unit 0<x<1; 0<y<i; 0<z<I

Symmetry operations

For (0,0,0)+ set

1)1 2) m x,0,z
For (3,7,0)+ set

(1) 1(3,5,0) (2) a x5,z
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CONTINUED No. 8 Cm

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); ¢(3,3,0); (2)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry (0,0,00+ (3,5,0)+ General:
4 b 1 1) x,y,z 2) x,9,z hkl © h+k=2n
hOl : h=2n
Okl : k=2n
hkO: h+k=2n
0kO: k=2n
h00: h=2n
Special: no extra conditions
2 a m x,0,z

Symmetry of special projections

Along [001] c11m Along [100] p1m]1 Along [010] p 1
a=a b =b a=j;b b =c, a=c b = ja
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I [21C1(P1, 1) 1+

Ma [2]Plal(Pc,7) 1; 2+ (4,1,0)
R1P1ml(Pm,6) 1;2

IIb [2]Clcl(c=2¢)(Cc,9);[2]11cl (¢ =2¢)(Cc,9)

Maximal isomorphic subgroups of lowest index
IIc [2]1C1lml (¢ =2cora =a-+2¢,¢ =2¢)(Cm,38);[3]Clml (b =3b)(Cm,?8)

Minimal non-isomorphic supergroups

I [21C2/m (12); [21Cmm?2 (35); [21 Cmc2, (36); [21Amm2 (38); [2]1 Aem?2 (39); [2] F mm?2 (42); [2]1 Imm?2 (44); [2]1 Ima?2 (46);
[31P3m1(156); [3] P31m (157); [3] R3m (160)

II  [2]1P1lml(a =la,b =1b)(Pm,6)
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Cm C 3 m Monoclinic
No. 8

UNIQUE AXIS b, DIFFERENT CELL CHOICES

=

Clml

UNIQUE AXIS b, CELL CHOICE 1

Origin on mirror plane m
Asymmetric unit 0<x<1; 0<y<si; 0<z<I1

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(3,4,0); (2)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, .
Site symmetry (0,0,00+ (3,5,0)+ General:
4 b 1 (1) x,y,z (2) x,3,2 hkl : h+k=2n
hOl : h=2n
Okl : k=2n
hkO: h+k="2n
0k0: k=2n
h00: h=2n
Special: no extra conditions
2 a m x,0,z
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CONTINUED No. 8

Alml

UNIQUE AXIS b, CELL CHOICE 2

Origin on mirror plane m
Asymmetricunit 0<x<1; 0<y<}
Generators selected (1); #(1,0,0); #(0,1,0

Positions

Multiplicity, Coordinates
Wyckoff letter, O
Site symmetry (0,0,0)+ (0,5,7)+

4 b 1 (1) x,y,z (2) x,y,z

I1ml

UNIQUE AXIS b, CELL CHOICE 3

Origin on mirror plane m
Asymmetric unit 0<x<1;, 0<y<i; 0<z<I1

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(3,4,3); (2)

Positions

Multiplicity, Coordinates
Wyckoff letter, L
Site symmetry (0,0,0)+ (3,7,3)+
4 b 1 (1) x, 3,z @) x5,z

2 a m x,0,z
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Cm

Reflection conditions

General:

hkl : k+1=2n
hol : [ =2n
Okl : k+1=2n
hkO: k=2n
0kO: k=2n
00l : [=2n

Special: no extra conditions

Reflection conditions

General:

hkl : h+k+1=2n
hOl : h+1=2n
Okl : k+1=2n
hkO: h+k=2n
0kO: k=2n

h00: h=2n

00/ : I =2n

Special: no extra conditions



Cm C 3 m Monoclinic

No. 8 Allm Patterson symmetry A112/m

UNIQUE AXIS ¢, CELL CHOICE 1

H% 0 b o -
a/

ap

S
2
e

o rOF O

Origin on mirror plane m
Asymmetric unit 0<x<1; 0<y<lI; 0<z<1

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

(H 1 2) m x,y,0
For (0,5, 3)+ set
(1) 1(0,3,3) 2 b xy;
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CONTINUED No. 8

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); #(0,3,3); (2)

Cm

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry (0,0,00+ (0,5,7)+ General:
4 b 1 1) x,y,z 2) x,y,Z hkl © k+1=2n
hkQ: k=2n
Okl : k+1=2n
hol : [ =2n
00/ : I=2n
0kO: k=2n
Special: no extra conditions
2 a m x,9,0
Symmetry of special projections
Along [001] p1 Along [100] c11m Along [010] p1m1
a=a b’ =3b a=b, b =c a=jc b =a,
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I [21A1(P1,1) 1+

Ma [2]P11b(Pc,7) 1;2+4(0,4,1)
RIP11m(Pm,6) 1;2

IIb [2]Alla(a =2a)(Cc,9);[2]111a(a =2a)(Cc,9)

Maximal isomorphic subgroups of lowest index
IIc [2]Al1m(a =2aora =2a,b =2a+b)(Cm,8);[3]A11m(c =3c)(Cm,8)

Minimal non-isomorphic supergroups

I [21C2/m (12); [21Cmm?2 (35); [21 Cmc2, (36); [21Amm2 (38); [2]1 Aem?2 (39); [2] F mm?2 (42); [2]1 Imm?2 (44); [2]1 Ima?2 (46);

[3]1 P3m1 (156); [3] P31 m (157); [3] R3m (160)
I [2]P11m® ='b,¢ = ic)(Pm,6)
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Cm C 3 m Monoclinic
No. 8

UNIQUE AXIS ¢, DIFFERENT CELL CHOICES

~

UNIQUE AXIS ¢, CELL CHOICE 1

Allm b
N

Origin on mirror plane m

Asymmetric unit 0<x<1;, 0<y<l; O

IN

z<

N

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(0,3,3); (2)

[SIE

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, .
Site symmetry (0,0,0)+ (0,5,5)+ General:
4 b 1 (1) x,y,2 (2) x,3,Z hkl : k+1=2n
hkO: k=2n
Okl : k+1=2n
hol : [ =2n
00/ : I=2n
0kO: k=2n
Special: no extra conditions
2 a m x,9,0
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CONTINUED

Bllm

UNIQUE AXIS ¢, CELL CHOICE 2

Origin on mirror plane m
Asymmetric unit 0<x<1; 0<y<l1; 0<z<!
Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); ¢(3,0,3); (2)

Positions

Multiplicity, Coordinates
Wyckoff letter, 1 1
Site symmetry (0,0,00+ (3,0,7)+

4 b 1 (1) x,y,2 () x,,2

2 a m x,y,0

I11m

UNIQUE AXIS ¢, CELL CHOICE 3

Origin on mirror plane m

Asymmetric unit 0<x<1; 0<y<lI; 0<z<;
Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(3,3,%); (2)
Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry (0,0,0)+ (3,7,3)+

4 b 1 (1) x,y,2 (2) x,y,2

2 a m x,y,0

151

No. &

Reflection conditions

General:

hkl : h+1=2n
hkO: h=2n
Okl : 1=2n
hOl : h+1="2n
00! : 1=2n
h00: h=2n

Special: no extra conditions

Reflection conditions

General:

hkl -
hk0 :
Okl -

hOl

h+k+1=2n
h+k=2n
k+1=2n

s h+l=2n
00/ :
h0O :
040 :

l=2n
h=2n
k=2n

Special: no extra conditions



International Tables for Crystallography (2006). Vol. A, Space group 9, pp- 152-159.

4
Cc C s m Monoclinic
No. 9 Clcl

Patterson symmetry C12/m1

UNIQUE AXIS b, CELL CHOICE 1

=

N

b
0

_._._...._______ﬂ
Cp

5
S
@

Q

Origin on glide plane ¢
Asymmetric unit 0<x<1; 0<y<i; 0<z<I

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

(H 1 (2) ¢ x,0,z
For (3,3,0)+ set
(1) l(%,%,O) (2) n(%,O,%) X,%,Z
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); ¢(3,3,0); (2)

Positions

Multiplicity, Coordinates
Wyckoff letter, .

Site symmetry (0,0,00+ (3,5,0)+
4 a 1 () x, 3,z () x,y,2+3

Symmetry of special projections

Along [001] ¢c11m Along [100] p1g1
a=a b =b a=;b b =c,
Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups
I [21C1(P1, 1) 1+

Ma [2]Plcl(Pe,7) 1;2
[21P1nl(Pc,7) 15 2+4(3,3,0)
IIb none

Maximal isomorphic subgroups of lowest index

No. 9

Reflection conditions

General:

hkl
hol :
Okl
hkO :
0k0 :
h00 :
00! :

Along [010] p1
a = jc b = ja
Origin at 0,y,0

: h+k=2n

h,l=2n
k=2n
h+k=2n
k=2n
h=2n
l=2n

Cc

IIc  [3]Clcl (b =3b)(Cc,9);[3]Clcl (¢ =3¢)(Cc,9);[3]Clcl (@ =3aora =3a,¢=—a+cora =3a,¢ =a+c)(Cc,9)

Minimal non-isomorphic supergroups

I [21C2/c (15); [21Cmc2, (36); [21Ccc2 (37); [21Ama2 (40); [2]1 Aea2 (41); [21 Fdd2 (43); [211ba2 (45); [2]1 Ima?2 (46);

[31P3c1(158);[31P31c(159); [31R3c(161)

I [21F1m1(Cm,8);[21C1lml (¢ = 3¢)(Cm,8);[2]Plcl(a = 3a,b

153

sb)(Pc, 7)



Cc Cj m Monoclinic
No. 9

UNIQUE AXIS b, DIFFERENT CELL CHOICES

~

Clcl

UNIQUE AXIS b, CELL CHOICE 1

Origin on glide plane ¢
Asymmetric unit 0<x<1; 0<y<1;

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

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry (0,0,0)+  (5,3,0)+ General:

4 a 1 (1) x,y,z 2) x,y,2+1 hkl © h+k=2n
hOl : h,l=2n
Okl : k=2n
hkO: h+k=2n
0kO: k=2n
h00: h=2n
00/ : I=2n
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CONTINUED No. 9

Alnl

UNIQUE AXIS b, CELL CHOICE 2

Origin on glide plane n
Asymmetric unit 0<x<1; 0<y<i; 0<z<I1

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(0,3,3); (2)

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry (0,0,0)+ (0,5,7)+ General:

4 a 1 (1) x,y,2 () x+35,5,2+3 hkl : k+1=2n
hOl : h,l=2n
Okl : k+1=2n
hkQ : k=2n
0k0: k=2n
h00: h=2n
00l : I=2n

Ilal

UNIQUE AXIS b, CELL CHOICE 3

Origin on glide plane a
Asymmetric unit 0<x<1; 0<y<g3; 0<z<I1

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(3,3,3); (2)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry (07070)+ (%7 %7 %)+ General:
4 a 1 (1) x,y,z 2) x+1.,9,z hkl : h+k+1=2n
hOl : h,l=2n
Okl : k+1=2n
hkO: h+k=2n
0kO: k=2n
h00: h=2n
00l : [=2n
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Cc Cj m Monoclinic

No. 9 Alla Patterson symmetry A112/m

UNIQUE AXIS ¢, CELL CHOICE 1

A

S
o~
[4

(e et G e — — — — —

I

ap

b« o o c— - — — — — w—

o)
Q

o
o

Q
Q
Q

Origin on glide plane a
Asymmetric unit 0<x<1; 0<y<lI; 0<z<

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

(H 1 (2) a x,,0
For (0,4, 1)+ set
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CONTINUED No. 9

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); #(0,3,3); (2)

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry (0,0,00+ (0,5,7)+ General:

4 a 1 (M x,y,z () x+3,5.2 hkl : k+1=2n
hkO: hk=2n
Okl : k+1=2n
hOl : 1 =2n
00/ : I=2n
h00: h=2n
0kO: k=2n

Symmetry of special projections

Along [001] p1 Along [100] c11m Along [010] p1g1

a=1ia b’ =1b a=b b =c a=1lc b =a

Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I [21A1(P1,1) 1+

Ma [2]P1la(Pc,T) 1;2
[21P11n(Pc,7) 15 24(0,3,3)
IIb none

Maximal isomorphic subgroups of lowest index
IIc [3]A1la(c¢ =3¢)(Cc,9);[3]1A1la(a’ =3a)(Cc,9); [3]Alla( =3bora =a—b,b'=3bora =a+b,b'=3b)(Cc,9)

Minimal non-isomorphic supergroups

I [21C2/c (15); [21Cmc2, (36); [21Ccc2 (37); [21Ama2 (40); [2]1 Aea2 (41); [21 Fdd2 (43); [211ba2 (45); [2]1 Ima?2 (46);
[31P3c1(158);[31P31c(159); [31R3c(161)

Il [21F11m(Cm8);[2]A11m(a = La)(Cm,8);[2]P11la(b = ib,¢ = ic) (Pc, )
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Cc Cj m Monoclinic
No. 9

UNIQUE AXIS ¢, DIFFERENT CELL CHOICES

~

Alla b
UNIQUE AXIS ¢, CELL CHOICE 1 A.
a

Origin on glide plane a

Asymmetric unit 0<x<1;, 0<y<l; O

IN

z<

N

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(0,

o=
NI
~—
—
\]
N

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry (0,0,0)+ (0,3,3)+ General

4 a 1 (1) x,y,z 2)x+13,9.2 hkl © k+1=2n
hkQ : h,k=2n
Okl : k+1=2n
hOl : 1 =2n
00l : I=2n
h00: h=2n
0kO: k=2n
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CONTINUED

Blln

UNIQUE AXIS ¢, CELL CHOICE 2

Origin on glide plane n
Asymmetric unit 0<x<1; 0<y<l1; 0<z<!

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); ¢(3,0,3); (2)

Positions

Multiplicity, Coordinates
Wyckoff letter, 1 1
Site symmetry (0,0,00+ (3,0,7)+
4 a 1 (D) x,y,z Q) x+1,y+1.2

UNIQUE AXIS ¢, CELL CHOICE 3

Origin on glide plane b

Asymmetric unit 0<x<l1; 0<y<I1; 0

IN
IN

1
n

Z

Generators selected (1); (1,0,0); #(0,1,0); #(0,0,1); #(

o1—
1=
—
—

\e)
—

=

i

Positions

Multiplicity, Coordinates
Wyckoff letter, O
Site symmetry (0,0,00+ (%,1,3)+
4 a 1 (1) x,y,2 ) x,y+1.2

159

No. 9

Reflection conditions

General:

Wkl © h+1=2n
WO : k= 2n
Okl : 1=2n
ROl : h+1=2n
000 : 1=2n
h00: h=2n
0k0 : k =2n

N\
"]

Reflection conditions

General:

Wkl : h+k+1=2n
WO : I,k =2n

Okl : k+1="2n
WOl : h+1=2n
000 : 1=2n

h00: h=2n

0k0 : k =2n



International Tables for Crystallography (2006). Vol. A, Space group 10, pp. 160-163.

No. 10 P12/m1

UNIQUE AXIS b

Monoclinic

Patterson symmetry P12/m1

a° - 0 o o
: o 0 — < ~
/ / @
° ° ° <« o0 o 0 —»
f , f
b —
T -cD+ -(D+
-ID+ D+
\O\o
d -+ -+
0, T———~n,
/ I — O O

Origin at centre (2/m)
Asymmetric unit 0<x<3; 0<y<i; 0<z<I1
Symmetry operations

(O 1 (2) 2 0,y,0 3) 1 0,00 4) m x,0,z

Maximal isomorphic subgroups of lowest index

IIc  [2]P12/m1(b' =2b)(P2/m, 10);[2]P12/m1(¢c =2cora =2aora =a+c¢,c=—a+c)(P2/m, 10)

Minimal non-isomorphic supergroups

I [21 Pmmm (47); [21 Pccm (49); [2] Pmma (51); [2] Pmna (53); [2] Pbam (55); [2] Pnnm (58); [2] Cmmm (65); [2] C ccm (66);

[2] P4/m (83); [2] P4,/m (84); [3]1 P6/m (175)
I [21C12/m1(C2/m, 12); [21A12/m1(C2/m, 12); [2]112/m1(C2/m, 12)
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CONTINUED No. 10

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

Positions

Multiplicity, Coordinates Reflection conditions
Wyckoff letter,

Site symmetry General:

4 o 1 (1) x,y,2 (2) x,y.2 3) %7,z 4) x,5,z no conditions

Special: no extra conditions

2 n m X, 3,7 X, 3,7

2 m m x,0,z x,0,Z

2 1 2 5,03 5,3

2 k 2 0,y,3 0,9,3

2. 2 5,5,0 5,5,0

2 i 2 0,y,0 0,5,0

1L h 2/m 14

1 g 2/m 5,0,3

1 f 2/m 0,1,4

1 e 2/m 150

1 d 2/m £,0,0

1 ¢ 2/m 0,0,1

1 b 2/m 0,4,0

1 a 2/m 0,0,0

Symmetry of special projections

Along [001] p2mm Along [100] p2mm Along [010] p2
a=a b'=b a=b b =c, a=c b'=a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I [2]1P1ml(Pm,6) 1;4
[2]P121(P2,3) 1;2
[21P1(2) 1; 3

IIa none

IIb [2]1P12,/m1 (b =2b)(P2,/m,11);[21P12/c1 (¢ =2¢)(P2/c, 13); [21 P12/al (a’ = 2a) (P2/c, 13);

s

[2]1B12/el (a' =2a,¢ =2¢) (P2/c, 13); [21C12/m1 (a' = 2a,b' =2b) (C2/m, 12); [2]A12/m1 (b = 2b,¢ = 2¢) (C2/m, 12);

[2]F12/m1(a =2a,b' =2b,¢ = 2¢) (C2/m, 12)

(Continued on preceding page)

161



No. 10 P112/m
UNIQUE AXIS ¢
/—"o ¢ %
/ /
¢ 0 ¢
/ /
0 ¢ :

Origin at centre (2/m)

IN
I\l
IN

Asymmetricunit 0<x<1; 0<y<} 0

[SIE

Symmetry operations

(O 1 (2) 2 0,0,z 3) 1 0,0,0 4) m

2/m Monoclinic
Patterson symmetry P112/m
-— 02 o°—>
-— 0 —_
-— 0 o €_>
-D+ -(D+
{0 0
-+ -+
-D+ -(D+

Maximal isomorphic subgroups of lowest index

IIc [2]P112/m(c =2c)(P2/m,10);[2]P112/m(a’ =2aorb’ =2bora =a—b,b'=a+b)(P2/m, 10)

Minimal non-isomorphic supergroups

I [21 Pmmm (47); [21 Pccm (49); [2] Pmma (51); [2] Pmna (53); [2] Pbam (55); [2] Pnnm (58); [2] Cmmm (65); [2] C ccm (66);

[2]1 P4/m (83); [2] P4,/m (84); [3]1 P6/m (175)

I [2]A112/m(C2/m,12); [21B112/m(C2/m, 12); [211112/m (C2/m, 12)



CONTINUED

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

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

4 o 1 (D) x,3,z (2) %,5,2 3) %,5,Z 4) x,,z
2 n m XY, 3 %V,
2 m m x,¥,0 x,9,0
2 1 2 11,2 15,7
2 k2 5,0,z 1,0,Z
2 7 2 0,1,z 0,3,z
2 i 2 0,0,z 0,0,z
1 h 2/m 14

1 ¢ 2/m 1,1,0

1 f 2/m 3,03

1 e 2/m 0,4,1

1 d 2/m 0,4,0

1 ¢ 2/m £,0,0

1 b 2/m 0,0,3

1 a 2/m 0,0,0

Symmetry of special projections
Along [001] p2 Along [100] p2mm
a=a b'=b a=b, b'=c
Origin at 0,0,z Origin at x,0,0
Maximal non-isomorphic subgroups
I 2]1P11m(Pm,6) 1;4

[21P112(P2,3) 1;2

[21P1(2) 1; 3
IIa none

s

No. 10 P2/m

Reflection conditions

General:
no conditions

Special: no extra conditions

Along [010] p2mm
a=c b'=a,
Origin at 0,y,0

b [21P112,/m(c =2¢) (P2, /m, 11); [2] P112/a(a = 2a) (P2/c, 13); [21 P112/b (b = 2b) (P2/c, 13);
[2]1C112/e(a =2a,b' =2b) (P2/c, 13); [21A112/m(® = 2b,¢ = 2¢) (C2/m, 12); [21 B112/m (@' = 2a,¢ = 2¢) (C2/m, 12);

[2]F112/m(a =2a,b' =2b,¢ = 2¢)(C2/m, 12)

(Continued on preceding page)
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International Tables for Crystallography (2006). Vol. A, Space group 11, pp. 164-167.

P2 C, ini
/m 2 2/m Monoclinic
No. 11 Pl 21/m | Patterson symmetry P12/m1
UNIQUE AXIS b
%
I o ¢ ag — o= o -
§ 9 § - O o O =
/ / G
6 6 6 — o e
bo\of /
I -Db -Df
- b+
-Qfke @t
o O
Origin at 1 on 2,
Asymmetric unit 0<x<1; 0<y<i; 0<z<l1
Symmetry operations
(H 1 (2) 2(0,5,0) 0,50 (3) 1 0,0,0 &) m x,3,2
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CONTINUED No. 11 P2,/m

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

Positions

Multiplicity, Coordinates Reflection conditions
Wyckoff letter,

Site symmetry General:

4 f 1 (D x,y,2 ) xy+1.2 (3) %,5,2 4 xy+1,2 0kO : k=2n

Special: as above, plus

2 e m X, 3,2 x,3,7 no extra conditions
2 d 1 10,4 11 hkl : k=2n

2 ¢ 1 0,0, 0,11 hkl : k=2n

2 b 1 1.0,0 110 hkl : k=2n

2 a 1 0,0,0 0,%,0 hkl : k=2n
Symmetry of special projections

Along [001] p2gm Along [100] p2mg Along [010] p2

a=a b'=b a=b b’ =c, a=c b'=a

Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I [21P1m1 (Pm, 6) I; 4
21P12,1(P2,,4) 1;2
[21P1(2) 1; 3
IIa none
IIb [2]P12 /cl(c =2¢)(P2,/c, 14); [21P12 Jal (2 =2a) (P2 /c, 14); [2]B12, /el (a =2a,¢ =2¢) (P2,/c, 14)

Maximal isomorphic subgroups of lowest index
IIc [2]P12,/m1(¢ =2cora =2aora =a+c,c=—-a+c)(P2,/m,11);[3]1P12,/m1 (b =3b)(P2,/m,11)

Minimal non-isomorphic supergroups
I [2]1 Pmma (51); [21 Pbem (57); [2] Pmmn (59); [2] Pnma (62); [2] Cmcm (63); [3]1 P6,/m (176)
I [21C12/m1(C2/m, 12); [21A12/m1(C2/m, 12); [21112/m1(C2/m, 12); [2]1 P12/m1 (b’ = }b) (P2/m, 10)
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P2,/m

No. 11 P112,/m

UNIQUE AXIS ¢

Origin at T on 2,

Asymmetric unit 0<x<1; 0<y<l; 0<z<;
Symmetry operations
(H 1 (2) 2(0,0,3) 0,0,z 3) 1 0,0,0

Patterson symmetry P112/m

- Ob Oo—’
- O O —»
S
--— O O —
-OF O
Hor Ho-

(4) m x,y,;

166
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CONTINUED No. 11 P2,/m

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

Positions

Multiplicity, Coordinates Reflection conditions
Wyckoff letter,

Site symmetry General:

4 f 1 (D) x,y,z (2) %,y,2+5 (3) %7,Z 4) x,y,24 5 00 : I=2n

Special: as above, plus

2 e m x4 9,3 no extra conditions
2 d I %7%a0 %7%a% hkl : | =2n

2 ¢ 1 1,0,0 3,01 hkl : 1=2n

2 b 1 0,3,0 0,3,1 hkl : 1=2n

2 a 1 0,0,0 0,0,1 hkl : 1 =2n
Symmetry of special projections

Along [001] p2 Along [100] p2gm Along [010] p2mg

a=a b =b a=b, b =c a=c b'=a,

Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I [21P11m (Pm, 6) I; 4
21P112,(P2,4) 1;2
[21P1(2) 1; 3
IIa none
IIb [2]P112,/a(a =2a)(P2,/c, 14); [21P112,/b(b' =2b) (P2 /c, 14);[2]1C112, /e (a =2a,b' = 2b) (P2 /c, 14)

Maximal isomorphic subgroups of lowest index
IIc [2]P112,/m(a=2aorb =2bora =a—bb =a+b)(P2,/m,11);[3]P112 /m(c =3c)(P2,/m,11)

Minimal non-isomorphic supergroups
I [2]1 Pmma (51); [21 Pbem (57); [2] Pmmn (59); [2] Pnma (62); [2] Cmcm (63); [3]1 P6,/m (176)
I [2]1A112/m(C2/m, 12); [21B112/m(C2/m, 12); [211112/m (C2/m, 12); [2] P112/m (¢ = ic) (P2/m, 10)
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International Tables for Crystallography (2006). Vol. A, Space group 12, pp. 168-175.

C2/m

No. 12

3
G,
C12/m1

UNIQUE AXIS b, CELL CHOICE 1

Origin at centre (2/m)

Asymmetric unit 0<x<i; 0<y<i; 0<z<I1
Symmetry operations

For (0,0,0)+ set

(1 1 (2) 2 0,90 3) 1 0,00
For (3,7,0)+ set

(1) l(%,%,O) (2) 2(03%30) }Tvyvo (3) I }Taiao

Copyright © 2006 International Union of Crystallography

2/m Monoclinic
Patterson symmetry C12/m1
~
—i+ - - O _N’:‘ o} o o4 O = —» —ixr
— - — O —4-:% o —lvé O = —» —iv
et ,,,% <
it - a— O o le} o} O = = —ivr
@ Ok O
Y ORI YRR 2
S S S
0 O -0
4) m x,0,z
4 a x5,z
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CONTINUED

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); ¢(3,3,0); (2); (3)

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

(07070)+ (%7%’0)+

8 j 1 (1) x,y,z ) %,y,Z (3) %,7,Z 4 x,5,z
4 i m x,0,z x,0,z

4 h 2 0,y,5 0,7,

4 g 2 0,»,0 0,y,0

4 f 1 it N

4 e 1 41,0 :,40

2 d 2/m 0,3,1

2 ¢ 2/m 0,0,1

2 b 2/m 0,10

2 a 2/m 0,0,0

Symmetry of special projections

Along [001] c2mm Along [100] p2mm
a=a b'=b a'=;b b =c¢,
Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups
| [21C1m1(Cm,38)

[2]C121(C2,5) (1; 2)+
[21C1(P1,2) (1; 3)+

Ma [2]P12/al(P2,/c,14)  1; 3; (2 4)+(4,1,0)
[21P12/al(P2/c, 13) 1; 2; (3; 4)+(4,1,0)
21P12,/m1(P2,/m, 11) 1; 4; (2; 3)+ (%,1,0)
[21P12/m1(P2/m,10)  1; 2; 3; 4

Ib [2]1C12/c1(c =2¢)(C2/c, 15); [21112/c1 (¢ =2¢)(C2/c, 15)

Maximal isomorphic subgroups of lowest index

Ilc [2]C12/ml(c =2cora =a+2e¢,¢ =2¢)(C2/m, 12); [31C12/m1(® = 3b)(C2/m, 12)

Minimal non-isomorphic supergroups

No. 12

C2/m

Reflection conditions

General:

hkl :
hol :
Okl :
hkO :
0kO0 :
h00 :

h+k=2n
h=2n
k=2n
h+k=2n
k=2n
h=2n

Special: as above, plus

no extra conditions
no extra conditions
no extra conditions
hkl ©: h=2n

hkl ©: h=2n

no extra conditions
no extra conditions
no extra conditions

no extra conditions

Along [010] p2

a=c

1
b’—Ea

Origin at 0,y,0

I [2]1 Cmem (63); [2]1 Cmce (64); [2] Cmmm (65); [2] Cmme (67); [2] F mmm (69); [2] Immm (71); [21 Ibam (72); [2] Imma (74);

[2]174/m (87); [31 P31m (162); [3]1 P3m1 (164); [3] R3m (166)
II [2]P12/ml(a = ta,b = ib)(P2/m, 10)
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C2 / m C;h 2/m Monoclinic
No. 12

UNIQUE AXIS b, DIFFERENT CELL CHOICES

C12/m1

UNIQUE AXIS b, CELL CHOICE 1

Origin at centre (2/m)
Asymmetric unit 0<x<

1.
2

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(3,4,0); (2); (3)

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter, .

Site symmetry (0,0,0)+ (3,7,0)+ General:

8 j 1 (1) x,y,z 2) x,y,Z 3) %,5,Z @) x,y,z hkl : h+k=2n hkO: h+k=2n
hOl : h=2n 0kO: k=2n
Okl : k=2n h00: h=2n

Special: as above, plus

4 i m x,0,z x%,0,7Z no extra conditions

4 h 2 0,y,: 0,9, 4 g 2 0,y,0 0,%,0 no extra conditions

4 f T 41a417% %>%a% 4 e T %7%a0 %7%a0 hkl : h=12n

2 d 2/m 0,51 2 ¢ 2/m 0,0, no extra conditions

2 b 2/m 0,4,0 2 a 2/m 0,0,0 no extra conditions
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CONTINUED No. 12

A12/m1

UNIQUE AXIS b, CELL CHOICE 2

Origin at centre (2/m)

Asymmetric unit 0<x<3; 0<y<i 0<z<I1

1

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(0,3,3); (2); (3)

Positions

Multiplicity, Coordinates

Wyckoff letter, .

Site symmetry (0,0,0)+ (0,5,7)+

8 Jj 1 (D x,y.z () x.y.2 (3) x,5,Z ) x,y,2

4 i m x,0,z x,0,z

4 h 2 5,3 5,93 4 g 2 0,y,0 0,3,0
4 f 1 5003 5T 4 e 1 0,53 US
2 d 2/m 3,53 2 ¢ 2/m 5,05

2 b 2/m 0,1,0 2 a 2/m 0,0,0
112/m1

UNIQUE AXIS b, CELL CHOICE 3

Origin at centre (2/m)
Asymmetric unit 0<x<i; 0<y<

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(4,4,1); (2); (3)

Positions

Multiplicity, Coordinates

Wyckoff letter, L

Site symmetry (0,0,0)+ (3,7,3)+

8 j 1 (1) x,y,z (@) x,yz2 (3) x5,z 4 x,5,2

4 i m x,0,z x,0,Z

4 h 2 1,0 5,5,0 4 g 2 0,0 0,5,0
4 f 1 i Do 4 ¢ 1 5 i
2 d 2/m 1,1,0 2 ¢ 2/m 1£,0,0

2 b 2/m 0,3,0 2 a 2/m 0,0,0
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hkl :
hol -
Okl :

hkl

C2/m

Reflection conditions

General:
k+1=2n hkO: k=2n
[=2n 0kO: k=2n
k+1=2n 00l : [=2n

Special: as above, plus

no extra conditions
no extra conditions
hkl © k=2n

no extra conditions

no extra conditions

Reflection conditions

General:

ch+k+1=2n O0kO: k=2n
hOl :
Okl -
hk0 :

h+1=2n h00: h=2n
k+1=2n 00/ : I =2n
h+k=2n

Special: as above, plus

no extra conditions
no extra conditions
hkl : k=2n

no extra conditions

no extra conditions



C2/m C.,

No. 12

UNIQUE AXIS ¢, CELL CHOICE 1

A112/m

Lo b
9 —0—6—¢
/ | | /
0 & 0 4 ¢
a/ 1 1 /
—§—0—¢—¢
Co\ff /
O\of
\\05\
\\O\\
[e]
\
0\0
\\O\\
\\O\\
OO\
Fo f?°
Origin at centre (2/m)
Asymmetric unit 0<x<1; 0<y<i; 0<z<!4
Symmetry operations
For (0,0,0)+ set
(1 1 (2) 2 0,0,z 3) 1 0,00
For (0,7, 1)+ set
(1) 1(0,3,5) (2) 2(0,0,5) 0,5,z 31 04,3

2/m Monoclinic
Patterson symmetry A112/m
—it = @~ O ___I"‘ o _N? O = —» —ivr
—it = 4= O —-mé o —wé O — —> —iv
e o S
—i -— - O [} O o O = = —iv
@ FOF O
10 HOy -
oF  rop  -0p
-0+ FOF -0
4 m x,y,0
@ b xy;
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CONTINUED

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); £(0,3,3); (2); (3)

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

(0,0,0)4+ (0,3,3)+

8 j 1 (1) x,y,z (2) x,9,2 3) x,9,z 4) x,y,Z
4 i m x,9,0 x,7,0

4 h 2 1,0,z 5,0,2

4 g 2 0,0,z 0,0,z

4 f 1 3003 003

4 e 1 0,11 0,31

2 d 2/m 5,0,3

2 ¢ 2/m 1,0,0

2 b 2/m 0,0,3

2 a 2/m 0,0,0

Symmetry of special projections
Along [001] p2
a=a b =
Origin at 0,0,z

Along [100] c2mm
b a=b, b =c

Origin at x,0,0

=

Maximal non-isomorphic subgroups

I [21A11m(Cm,8) (1; 4)+
[2]1A112(C2,5) (1; 2)+
21A1(P1,2) (1; 3)+

Ma [2]P112,/b(P2/c,14)  1; 3; (2; 4)+(0,4,4)
[21P112/b(P2/c, 13) 1525 (3; 4)+(0,3,1)
2] P112,/m(P2,/m,11) 1; 4; (2; 3)+(0,1,1)
21P112/m(P2/m,10)  1;2; 3; 4

IIb [2]A112/a(a =2a)(C2/c,15); [2]11112/a(a =2a)(C2/c, 15)

Maximal isomorphic subgroups of lowest index

Ilc [2]A112/m(a =2aora =2a,b =2a+b)(C2/m, 12); [31A112/m (¢ =3¢)(C2/m, 12)

Minimal non-isomorphic supergroups

No. 12

Along [010] p2mm
a=1lc

C2/m

Reflection conditions

General:

hkl -
hkO :
tk+1=2n
hol :
00! :
0k0 :

Okl

k+1=2n
k=2n

l=2n
l=2n
k=2n

Special: as above, plus

no extra conditions
no extra conditions
no extra conditions
hkl © k=2n

hkl © k=2n

no extra conditions
no extra conditions
no extra conditions

no extra conditions

b'=a,

Origin at 0,y,0

I [2]1 Cmem (63); [2]1 Cmce (64); [2] Cmmm (65); [2] Cmme (67); [2] F mmm (69); [2] Immm (71); [21 Ibam (72); [2] Imma (74);

[2]174/m (87); [31 P31m (162); [3]1 P3m1 (164); [3] R3m (166)
II [2]P112/m(b =ib,¢ = ic)(P2/m, 10)
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C2 / m C;h 2/m Monoclinic
No. 12

UNIQUE AXIS ¢, DIFFERENT CELL CHOICES

UNIQUE AXIS ¢, CELL CHOICE 1

A112/m NN
N

Origin at centre (2/m)
5 0<z<

Asymmetric unit 0<x<1; 0<y<
1(0,1,0); £(0,0,1); £(0,3,3); (2); (3)

Generators selected (1); #(1,0,0);

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter, o

Site symmetry (0,0,0)+ (0,3,3)+ General:

8 j 1 (1) x,y,z 2) x,y,z 3) x,y,Z 4) x,y,Z hkl : k+1=2n hOl : [ =2n
hkO: k=2n 00/ : I=2n
Okl : k+1=2n 0kO: k=2n

Special: as above, plus

4 i m x,9,0 x,9,0 no extra conditions

4 h 2 1,0,z 5,0,Z 4 g 2 0,0,z 0,0,z no extra conditions

4 f T %aA%% %7%% 4 e T O,%,% Oa%,% hkl : k=2n

2 d 2/m 10,1 2 ¢ 2/m 1,0,0 no extra conditions

2 b 2/m 0,0,3 2 a 2/m 0,0,0 no extra conditions
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CONTINUED No. 12 C2/m

B112/m b

UNIQUE AXIS ¢, CELL CHOICE 2 A. ‘

Origin at centre (2/m)

; 0<z<

Asymmetric unit 0<x<1; 0<y<
t(0,1,0); £(0,0,1); #(3,0,3); (2); (3)

Generators selected (1); #(1,0,0);

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, 1 1
Site symmetry (0,0,0)+ (3,0,3)+ General:
8 j 1 (1) x,y,z 2) x,9,2 3) x,5,Z 4) x,y,Z hkl : h+1=2n hOl : h+1=2n
hkO: h=2n 00/ : [=2n
Okl : 1=2n h00: h=2n
Special: as above, plus
4 i m x,9,0 x,7,0 no extra conditions
4 h 2 1.1,z 1.5z 4 g 2 0,0,z 0,0,z no extra conditions
4 f 1 N e 4 e 1 50,5 3,0,5 hkl : h=2n
2 d 2/m 14,3 2 ¢ 2/m 1,50 no extra conditions
2 b 2/m 0,0,3 2 a 2/m 0,0,0 no extra conditions
a
1112/m NN
UNIQUE AXIS ¢, CELL CHOICE 3 AE
b
Origin at centre (2/m)
Asymmetric unit 0<x<1; 0<y<i; 0<z<s
Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(4,4,1); (2); (3)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, o
Site symmetry (0,0,0)+ (3,7,3)+ General:
8§ j 1 (D x,y.2 (2) %,3,2 (3) %,5,2 4 x,y,2 hkl : h+k+1=2n 00/ : [=2n
hkO: h+k=2n h00: h=2n
Okl : k+1=2n 0kO: k=2n
hOl : h+1=2n
Special: as above, plus
4 i m x,y,0 x,7,0 no extra conditions
4 h 2 0,1,z 0,1,z 4 g 2 0,0,z 0,0,z no extra conditions
4 f i %azl_ui zl_u%azlt 4 e I %7%7}1 %7%7% hkl : 1=2n
2 d 2/m 0,%,3 2 ¢ 2/m 0,1,0 no extra conditions
2 b 2/m 0,0,3 2 a 2/m 0,0,0 no extra conditions
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International Tables for Crystallography (2006). Vol.

A, Space group 13, pp. 176-183.

P2 G, ini
C oh 2/m Monoclinic
No. 13 P12 / cl Patterson symmetry P12/m1
UNIQUE AXIS b, CELL CHOICE 1
00 [e] aO C).Q [e] oo
| / | | |
[ | | | |
o] o [e] o (o] (o]
| SR
- l
SIS S N N
CO O o é (I) (I)G
1
f4 i
1
4
B, o’. ......... f
...... o _@ _@
O+ O
Oeeen...
........ O, +O +O
..... J
O- O-
. -© -O
0; ........... O
! / fi,'j Sk O+
i)
i
Origin at 1 on glide plane ¢
Asymmetric unit 0<x<!t 0<y<l; 0<z<!
Symmetry operations
(H 1 (2)2 0,3 (3) 1 0,0,0 4 ¢ x0,z
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CONTINUED No. 13 P2/c

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 ¢ 1 (D) x,y,z (2) %,y,2+3 (3) %7,Z 4) x,y,2+3 hOL = 1 =2n
00/ : I=2n

Special: as above, plus

2 f 2 1.3 1y,3 no extra conditions
2 e 2 0,y,1 0,y,? no extra conditions
2 a4 1 1.0,0 10,1 Bkl ;1 =2n

2 ¢ 1 0,1,0 0,1,1 Wkl ;1 =2n

2 b 1 110 L1l Bkl ;1 =2n

2 a 1 0,0,0 0,0, 1 Wkl ;1 =2n
Symmetry of special projections

Along [001] p2mm Along [100] p2gm Along [010] p2

a=a b =b a=b b'=c, a=;c b =a

Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I [21P1cl (Pc,T) I; 4
[21P121(P2,3) 1;2
21 P1(2) 1; 3
IIa none
IIb [2]1P12,/cl (b =2b)(P2,/c,14);[21C12/c1(a’ =2a,b =2b)(C2/c, 15)

Maximal isomorphic subgroups of lowest index
IIc [2]P12/c1 (b =2b)(P2/c,13);[2]1P12/cl (@ =2aora =2a,¢ =2a+c)(P2/c, 13)

Minimal non-isomorphic supergroups

I [2]1 Pnnn (48); [2] Pccm (49); [2] Pban (50); [2] Pmma (51); [2] Pnna (52); [2] Pmna (53); [2] Pcca (54); [2] Pccn (56);
[21Pbem (57); [2] Pmmn (59); [2] Pbcen (60); [21 Cmme (67); [2] Ccce (68); [2] P4/n (85); [2] P4,/n (86)

I [2]1A12/m1(C2/m,12);[21C12/c1(C2/c, 15); [21112/c1(C2/c, 15); [21 P12/m1 (¢ = c) (P2/m, 10)

177



P2 / C C;h 2/m Monoclinic
No. 13

UNIQUE AXIS b, DIFFERENT CELL CHOICES

| [

o\\\o o\\\o '

OI O [e] (o] O/
' o\\\o o\\\‘
OI o] (o] O/

P12/c1

UNIQUE AXIS b, CELL CHOICE 1

Origin at 1 on glide plane ¢
Asymmetric unit 0<x<!t 0<y<l1; 0<z<!

Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (3)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 g 1 () x,y,2 (2) X, y,2+5 (3) x,y,2 A x,y,2+3 hOL = [ =2n
00/ : I=2n

Special: as above, plus

2 f 2 Ly, 1 19,3 no extra conditions
2 e 2 0,y,1 0,7,2 no extra conditions
2 d 1 5,0,0 5,0,3 2 ¢ 1 0,3,0 0,3,3 hkl @ 1=2n
2 b 1 5,3,0 5. 3,3 2 a 1 0,0,0 0,0, 3 hkl @ 1=2n
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No. 13

CONTINUED

P12/n1

UNIQUE AXIS b, CELL CHOICE 2

Origin at 1 on glide plane n

IN
IN

I TS

Asymmetric unit 0<x<1;, 0<y<l1; 0<z

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); (2); (3)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

4 g 1 (D) x,y,2 () x+1,5,2+3 (3) %5,z 4) x+3,9,2+3
2 f 2 %7)}7 él_l 41_17.)_]7 %

2 e 2 Y 431 %7)7’ %

2 d 1 0,0, ; 3,0,0 2 ¢ 1 0,5,0 313
2 b 1 0,53 1,71,0 2 a 1 0,0,0 3,03

P12/al

UNIQUE AXIS b, CELL CHOICE 3

Origin at 1 on glide plane a
Asymmetric unit 0<x<i; 0<y<l; 0<z<!

Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (3)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

4 g 1 (1) x, 3,z ) x+:3z2 (3) x,5,2 B x+3,.2

2 f 2 S D3

2 e 2 Y0 19,0

2 4 1 1,0, 0,0, 3 2 ¢ 1 0,7,0 11,0
2 b 1 ST 0,3,5 2 a 1 0,0,0 1,0,0
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P2/c

Reflection conditions

General:

hOl : h+1=2n

h00: h=2n

00l : I=2n

Special: as above, plus
no extra conditions

no extra conditions

hkl : h+1=2n

hkl © h+1=2n

Reflection conditions

General:
hOl : h=2n
h00: h=2n

Special: as above, plus

no extra conditions
no extra conditions
hkl : h=2n

hkl : h=12n



Monoclinic

Patterson symmetry P112/m

4
P2/ C, "
No. 13 T
UNIQUE AXIS ¢, CELL CHOICE 1
/—00 o bo ob (o]
/ / I I |
S N : :
oo é | |
| / I I l
Voo " : :
al 0 : | | |
:‘l !
j i i
Loi
..... o —G -®
O+ ~
AR AT +O +O
©- >
Oo ................ Oee..,. _® —®
’l J ....... -b.’.o O+ O+
7 i 'J

Origin at 1 on glide plane a
Asymmetric unit 0<x<i; 0<y<i; 0<z<l1

Symmetry operations

(1 (2) 2 3,0,z 3) 1 0,00 @ a xy0
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CONTINUED No. 13 P2/c

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 g 1 () x,y,z (2) x+3,¥,2 (3) x5,z 4 x+3,52 hkO : h=2n
h00: h=2n

Special: as above, plus

2 f 2 15,2 3.1,z no extra conditions
2 e 2 +,0,z 2.0,z no extra conditions
2 d 1 0,1,0 110 Wkl : h=2n
2 ¢ 1 0,0, 10,1 Wkl : h=2n
2 b 1 0,11 11l Wkl : h=2n
2 a 1 0,0,0 1.0,0 Wkl : h=2n

Symmetry of special projections

Along [001] p2 Along [100] p2mm Along [010] p2gm
a=la b =b a=b b =c a=c b'=a,
Origin at 0,0, z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I [21P11a(Pc,7) 1; 4
[21P112(P2,3) 1;2
2] P1(2) 1; 3
IIa none
IIb [21P112,/a(c =2¢)(P2,/c, 14); [21A112/a (B =2b,¢ =2¢) (C2/c, 15)

Maximal isomorphic subgroups of lowest index
IIc [2]P112/a(¢ =2¢)(P2/c,13);[2]1P112/a(b' =2bora =a+2b,b =2b)(P2/c, 13)

Minimal non-isomorphic supergroups

I [2]1 Pnnn (48); [2] Pccm (49); [2] Pban (50); [2] Pmma (51); [2] Pnna (52); [2] Pmna (53); [2] Pcca (54); [2] Pccn (56);
[21Pbem (57); [2] Pmmn (59); [2] Pbcen (60); [21 Cmme (67); [2] Ccce (68); [2] P4/n (85); [2] P4,/n (86)
II [21A112/a(C2/c,15); [21B112/m(C2/m, 12); [2]11112/a(C2/c, 15); [21 P112/m (a’ = ta) (P2/m, 10)
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P2 / C C;h 2/m Monoclinic
No. 13

UNIQUE AXIS ¢, DIFFERENT CELL CHOICES

P112/a o/,

UNIQUE AXIS ¢, CELL CHOICE 1 A.

Origin at 1 on glide plane a
Asymmetric unit 0<x<3; 0<y<i; 0<z<1

Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (3)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 g 1 (D x,y,z (2) x+1,9.2 (3) %3,z 4) x+3,5,2 hkO : h=2n
h00: h=2n

Special: as above, plus

2 f 2 1,2 $,3,2 no extra conditions
2 e 2 1,0,z 2.0,7 no extra conditions
2 d 1 0,1,0 119 2 ¢ 1 0,0, 1 10,1 hkl : h=2n
2 b 1 0,11 11 2 a 1 0,0,0 10,0 hkl : h=2n
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CONTINUED

P112/n

UNIQUE AXIS ¢, CELL CHOICE 2

Origin at 1 on glide plane n
Asymmetric unit 0<x<ly 0<y<l1; 0<z<1
Generators selected (1); ¢(1,0,0); 7(0,1,0); 7(0,0,1); (2); (3)

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

P2/c

Reflection conditions

General:

4 g 1 ) x,y,z ) x+5,9+3,z 3) x,y,z 4) x+35,y+13,2 hkO: h+k=2n
h00: h=2n
0k0: k=2n
Special: as above, plus
2 f 2 13z 217 no extra conditions
2 e 2 3.3z iz no extra conditions
2 a4 1 10,0 0,,0 2 ¢ 1 0,0, Wkl : h+k=2n

P112/b

UNIQUE AXIS ¢, CELL CHOICE 3

Origin at 1 on glide plane b
Asymmetric unit 0<x<i; 0<y<i; 0<z<l1

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); (2); (3)

hkl : h+k=2n

a

N
N

b

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 g 1 (D x,y,2 ) x,y+1,2 (3) %3,z @ x,y+3,2 hkO = k= 2n
0kO: k=2n
Special: as above, plus
2 f 2 9z 3,32 no extra conditions
2 e 2 0,1,z 0,3,7 no extra conditions
2 d 1 ,1,0 $,0,0 2 ¢ 1 0,0, 0,3, hkl : k=2n
2 b 1 15,3 1,0,3 2 a 1 0,0,0 0,3,0 hkl : k=2n

183



International Tables for Crystallography (2006). Vol. A, Space group 14, pp. 184-191.

5
P 21 / C Cgh 2/m Monoclinic
No. 14 Pl 21/6' 1 Patterson symmetry P12/m1

UNIQUE AXIS b, CELL CHOICE 1

Si—

Oo o ao O-Q o) oO
/ / : :
AP R A A
] ° l [ :
| / I |
SEDNY S  S
Cl o o/ ’ { A } )
; 4 }

o /

- /

\O —G) —®
--------------------------------- O+ O+
: o #-0 =
.................... %— %—
OO\O\ —® _®
/ / ap/o O+ O+
4 4

Origin at 1
Asymmetric unit 0<x<1; 0<y<i; 0<z<I
Symmetry operations

(11 (2) 2(0,3,0) 0,y,3 3) 1 0,0,0 (4) ¢ x5z
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CONTINUED No. 14 P2,/c

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 e 1 () x,y,z ) xy+13,2+; (3 x5,z 4 x,y+5,2+3 hOlL = [ =2n
0kO: k=2n
00l : I=2n

Special: as above, plus

2 4 1 10,4 ) Wkl : k+1=2n
2 ¢ 1 0,0,! 0,1,0 hkl @ k+1=2n
2 b 1 1,0,0 1l hkl : k+1="2n
2 a 1 0,0,0 0,11 hkl : k+1="2n
Symmetry of special projections

Along [001] p2gm Along [100] p2gg Along [010] p2

a=a b =b a=b b =c, a =jc b =a

Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I [2]P1cl(Pc,7) 1; 4
[21P12,1(P2,,4) 1;2
21P1(2) I; 3

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIe [2]P12 /cl(a =2aora =2a,¢ =2a+c¢)(P2/c, 14);[31P12,/c1 (b =3b)(P2,/c, 14)

Minimal non-isomorphic supergroups

I [21 Pnna (52); [2] Pmna (53); [2] Pcca (54); [21 Pbam (55); [2] Pccn (56); [21 Pbcem (57); [21 Pnnm (58); [2] Pbcn (60);
[21Pbca(6]); [2] Pnma (62); [2] Cmce (64)

I [21A12/m1(C2/m, 12);[21C12/c1(C2/c, 15); [21112/c1(C2/c,15); [21 P12,/m1 (¢ = s¢) (P2,/m, 11);
21P12/c1 (b = ib) (P2/c, 13)
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5
P 21 / C Cz;l 2/m Monoclinic
No. 14

UNIQUE AXIS b, DIFFERENT CELL CHOICES

P12,/cl

UNIQUE AXIS b, CELL CHOICE 1

Origin at 1
Asymmetric unit 0<x<1; 0<y<i; 0<z<I

Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (3)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 e 1 (1) x, 3,z ) xy+3,2+; (3) %,5,2 4 x,y+3,2+3 hOL = I =2n
0kO: k=2n
00l : I=2n

Special: as above, plus

2 d 1 10, 110 hkl : k+1="2n
2 ¢ 1 0,0, 0,1,0 hkl : k+1="2n
2 b 1 10,0 111 hkl : k+1="2n
2 a 1 0,0,0 0,L,1 hkl : k+1=2n

186



CONTINUED No. 14 P2,/c

P12,/n1

UNIQUE AXIS b, CELL CHOICE 2

Origin at 1
Asymmetric unit 0<x<1; 0<y<i; 0<z<I1

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); (2); (3)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 e 1 (1) x,y,z Q) x+3,y+3,2+3 3) x,3,Z 4) x+3,5+3,2+3 hOl : h+1=2n
0kO: k=2n
h00: h=2n
00/ : I=2n

Special: as above, plus

2 c I %707% 0,%,0 hkl : h+k+1=2n

[\
Q
—_
=
=
(e}
o=
oI—
o=

hkl : h+k+1=2n

P12,/al

UNIQUE AXIS b, CELL CHOICE 3

Origin at 1
Asymmetric unit 0<x<1; 0<y<i; 0<z<I

Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (3)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 e 1 (1) x, 3,z ) x+35y+3.2 (3 x5,z B x+35,5+75,2 hOl = h=2n
0kO: k=2n
h00: h=2n

Special: as above, plus

2 d 1 0,0, ! L1l Wkl : h+k=2n
2 ¢ 1 10,0 0,1,0 hkl © h+k=2n
2 b 1 10,1 0,11 hkl © h+k=2n
2 a 1 0,0,0 110 hkl © h+k=2n
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5 .
P 21 / C Cz;l 2/m Monoclinic
No. 14 Pl1 21 / a Patterson symmetry P112/m
UNIQUE AXIS ¢, CELL CHOICE 1
%
00 [e] bO 0u I I C)o
/ / o |
' ' ' | | —
/ / Lo o
/ | | |
N
aO/ ] (! o l l Os
P
/ “ }
co\o/ /
I -Q -0
.................................. O"’ O+
i o 10 10
.............. © 1 1
[ T— 5 5
0 \o
/ — O+ O+
i / »
i
4 1

Origin at 1
Asymmetric unit 0<x<1; 0<y<lI; 0<z<;
Symmetry operations

(H 1 (2) 2(0,0,3) 3,0,z

3) 1 0,00 (4) a xy;i
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

4 e 1 () x,y,z (2) x+3,5,2+; (3 x5,z
2 d 1 31,0 0,7,3
2 ¢ 1 10,0 0,0, .
2 b 1 0,3,0 ZETS
2 a I 0,0,0 %aoa%

Symmetry of special projections
Along [001] p2

a'=;a b’ =b

Origin at 0,0,z

Along [100] p2gm
a=b, b =c¢
Origin at x,0,0

Maximal non-isomorphic subgroups

I [2]P11a(Pc,7) 1; 4
21P112,(P2,,4) 1;2
21P1(2) I; 3

IIa none

IIb none

Maximal isomorphic subgroups of lowest index

IMc [2]P112,/a(® =2bora =a-+2b,b = 2b) (P2, /c, 14); [31P112,/a(c =3c) (P2,/c, 14)

Minimal non-isomorphic supergroups

(1); ¢(1,0,0); ¢(0,1,0); £(0,0,1); (2); (3)

No. 14

(4) x+3,5,2+3

P2,/c

Reflection conditions

General:

hkO: h=2n

00l : I=2n

h00: h=2n

Special: as above, plus
hkl : h+1=2n

hkl : h+1=2n

hkl : h+1=2n

hkl : h+1=2n

Along [010] p2gg

a=c

b'=a
P

Origin at 0,y,0

I [21 Pnna (52); [2] Pmna (53); [2] Pcca (54); [21 Pbam (55); [2] Pccn (56); [21 Pbcem (57); [21 Pnnm (58); [2] Pbcn (60);

[2] Pbca (61); [2] Pnma (62); [2] Cmce (64)

I [21A112/a(C2/c, 15); [21B112/m(C2/m, 12); [211112/a (C2/c, 15); [21P112,/m (a’ = ta) (P2,/m, 11);

[21P112/a(¢ = 3¢) (P2/c, 13)
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5
P 21 / C Cz;l 2/m Monoclinic
No. 14

UNIQUE AXIS ¢, DIFFERENT CELL CHOICES

Si—

ANEERNEE
SEANENAN,
AN
oY

P112,/a o/,

UNIQUE AXIS ¢, CELL CHOICE 1 A.
a

Origin at 1

Asymmetric unit 0<x<1; 0<y<l; 0<z<;

Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (3)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 e 1 (D x,y,z () x+3,9,2+; (3) %3,z 4) x+3,5,2+3 hkO : h=2n
00l : I=2n
h00: h=2n

Special: as above, plus

2 d 1 110 0,1, hkl : h+1=2n
2 ¢ 1 10,0 0,0, ! hkl : h+1=2n
2 b 1 0,1,0 111 Bkl : h+1=2n
2 a 1 0,0,0 10,1 hkl : h+1=2n
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CONTINUED

P112,/n

UNIQUE AXIS ¢, CELL CHOICE 2

Origin at 1

Asymmetric unit 0<x<1;

Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (3)

Positions

Multiplicity, Coordinates
Wyckoff letter,

Site symmetry

4 e 1 (1) x,y,z () x+3,y+5,2+3 (3) x5,z
2 d T 07%70 %707%

2 ¢ 1 3,1,0 0,0,

2 b 1 1,0,0 0,55

2 a I 0,0,0 %a%7%

P112,/b

UNIQUE AXIS ¢, CELL CHOICE 3

Origin at 1

Asymmetric unit 0<x<1;, 0<y<Il; O

IN

z<

1
1

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); (2); (3)

Positions

Multiplicity, Coordinates
Wyckoff letter,

Site symmetry

4 e 1 (D) x,y,z (@) %,y +35,2+3 3 %,3,2
2 d 1 5,0,0 5,53
2 ¢ 1 0,1,0 0,0, !
2 b 1 5,5,0 5,0,3
2 a 1 0,0,0 0,1,1
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() x+3,y+3,2+;

4) x,y+

[STES

No. 14

+

a1l
(SIS

)

Reflection conditions

General:

hkO: h+k=2n
00l : I=2n

h00: h=2n

0kO: k=2n

Special: as above, plus
hkl : h+k+1=2n
hkl : h+k+1=2n
hkl : h+k+1=2n

hkl : h+k+1=2n

a

N
N

b

Reflection conditions

General:

hkO: k=2n

00/ : I=2n

0k0: k=2n

Special: as above, plus
hkl : k+1=2n

hkl : k+1=2n

hkl : k+1="2n

hkl : k+1=2n



International Tables for Crystallography (2006). Vol. A, Space group 15, pp- 192-199.

C2 / C Cgh 2/m Monoclinic

No. 15 Cl12 / cl Patterson symmetry C12/m1

UNIQUE AXIS b, CELL CHOICE 1

¢ 00 ﬁl [¢] Ol aO O“Q __NO o —NA Oo
/ i 7 / | | I | I
- | I |
. ’ . § . — - I I I | I - — —ir
[ C L0
o OZ o Oz o [e] —I+ O o —i<+ O o
/ / I [ | l I
. ’ . 5 . — -— - : I : I : - — —i
1 1 .
) ot o 4 o/ c|> —"’J\ :I> —"'I‘ <l>b
! I
i
. poog
R I
..... o _@ %_@ _@
T~o—.__
“r=ow O+ O3+ O+
PARLETII 1
........ O +O §+O +O
----- o
1
f—om_ O- Oz O-
\"0\
O-...... _(D %—G —®
OJ ......... [SETTPOR 1
[ 5 o+  OF O
A
3 1
¢ i 1
3
Origin at 1 on glide plane ¢
Asymmetric unit 0<x<3; 0<y<i; 0<z<3
Symmetry operations
For (0,0,0)+ set
(H 1 (2)2 0,3 (3) 1 0,0,0 @) ¢ x,0,z
For (3,3,0)+ set
(1) [(%7%30) (2) 2(03530) %7)’7% (3) I %7%70 (4) n(%aoaé) xa%az
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CONTINUED

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); ¢(3,3,0); (2); (3)

Positions

Multiplicity, Coordinates

Wyckoff letter, O

Site symmetry (0,0,00+ (3,5,0)+

8 f 1 (D) x,y,z (2) %,y,2+3 (3) %7,Z 4) x,y,2+3
4 e 2 07)@% 07)_]7%

4 d T nnE 340

4 ¢ 1 1,0 SN

4 b 1 0,,0 0,7,3

4 a 1 0,0,0 0,0,3

Symmetry of special projections
Along [001] c2mm

a=a b'=b

Origin at 0,0,z

Along [100] p2gm
a=;b b =c,
Origin at x,0,0

Maximal non-isomorphic subgroups
| [2]1C1c1(Cc,9)

[21C121(C2,5) (1; 2)+
[21¢c1(P1,2) (1; 3)+
Ma [2]P12,/n1(P2/c,14) 1; 3; (2; 4)+(1,1,0)
[21P12,/c1(P2,/c,14) 1; 4; (2; 3)+(,1,0)
[21P12/c1(P2/c,13)  1;2; 3; 4
[21P12/n1(P2/c,13)  1; 2; (3; 4)+(4,1,0)
IIb none

Maximal isomorphic subgroups of lowest index

IIc  [3]1C12/c1 (b =3b)(C2/c, 15);[31C12/c1 (¢ =3¢)(C2/c, 15);
[3]1C12/cl(a =3aora =3a,¢ =—a+cora =3a,c =a+¢)(C2/c, 15)

Minimal non-isomorphic supergroups

No.

15 C2/c

Reflection conditions

General:

Wkl © h+k=2n
WOl : h,l=2n
Okl : k=2n
hkO : h+k=2n
0k0 : k =2n
h00: h=2n
000 : 1=2n

Special: as above, plus

no extra conditions

hkl : k+1=2n

hkl : k+1=2n

hkl : 1 =2n

hkl : 1 =2n

Along [010] p2
a=1lc b'=ia
Origin at 0,y,0

I [21Cmcm (63); [21Cmce (64); [21Cccm (66); [2] Ccce (68); [2]1 Fddd (70); [21I1bam (72); [2]1Ibca (73); [2] Imma (74);

[2114,/a(88); [31P31c(163); [3] P3c1(165); [3] R3¢ (167)

I [21F12/m1(C2/m,12); [21C12/m1(c = ic)(C2/m, 12); [2] P12/c] (a = ia,b’
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C2 / C Cgh 2/m Monoclinic
No. 15

UNIQUE AXIS b, DIFFERENT CELL CHOICES

C12/c1

UNIQUE AXIS b, CELL CHOICE 1

Origin at 1 on glide plane ¢

Asymmetric unit 0<x<i; 0<y< 0<z

IN

1
2

[STES

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(3,3,0); (2); (3)

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter, O

Site symmetry (0,0,0)+ (3,7,0)+ General:

8 f 1 (1) x,y,z 2) %,y,Z2+3 3) x,7,2Z @) x,y,z+1 hkl : h+k="2n 0kO: k=2n
hOl : h,l=2n h00: h=2n
Okl : k=2n 00/ : I=2n
hkO: h+k="2n

Special: as above, plus

4 e 2 0,y,1 0,%,3 no extra conditions

4 d 1 i 31,0 4 ¢ 1 1,0 ST hkl - k+1=2n

4 b 1 0,3,0 0,3, 4 a 1 0,0,0 0,0,3 hkl : 1=2n
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CONTINUED

A12/n1

UNIQUE AXIS b, CELL CHOICE 2

Origin at 1 on glide plane n

Asymmetric unit 0<x

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

8 f 1 (D x,,z
4 e 2 Y1

4 d 1 5,153

4 p 1 0,:,0
112/al

<L

= 2>

0<y<I; O

IN
IN

£l=

Z

Coordinates

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

(2) X4 35,3,2+3

1 51
)3
1 3
O>Z>Z 4
1 1 1
25292 4

UNIQUE AXIS b, CELL CHOICE 3

Origin at 1 on glide plane a
Asymmetric unit

Generators selected

(1);
Positions

Multiplicity,
Wyckoff letter,
Site symmetry

8 f 1 (D x,3,z
4 e 2 £,0
4 d 1 41414
4 b 1 0,1,0

0<x<1, 0<y<
(0,1

1(1,0,0);

5 0<z

,0); £(0,0,

(1); #(1,0,0); #(0,1,0); ¢(0,0,1); #(0,

NI

(3) %,3,2

—

—

Coordinates
(0,0,0)+ (35,5,5)+
(2)x+3,3,2 (3) %3,z
75,0
b 4 e i
3,3,0 4 1

B x+13,.2
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4 x+3,9,2+3

No. 15

hkl

hol :
Okl :
hk0 :

hkl
hOl
Okl

hk0 :

C2/c

Reflection conditions

General:
ck+1=2n 0kO: k=2n
h,l=2n h00: h=2n
k+1=2n 00l : [=2n
k=2n
Special: as above, plus
no extra conditions
hkl © h=2n
hkl : h+k=2n
Reflection conditions
General:
s h+k+1=2n O0kO: k=2n
: hl=2n h00: h=2n
c k+1=2n 00l : [=2n
h+k=2n

Special: as above, plus
no extra conditions
hkl : 1 =2n

hkl : h=12n



6
C2h

Al12/a

C2/c
No. 15

UNIQUE AXIS ¢, CELL CHOICE 1

2/m

Monoclinic

Patterson symmetry A112/m

: Oc o5 o o: b, o2 —o o———o0 o°
/ a i / : | I | I
- i | i |
. 9 . ‘ . —ir - I I | | l-» R——
[ C N
(o] 03 o OZ (o] (o] —i O (o] —it O o
/ / N
N T T B e | I |
al i il S R
o o [e] o o o o [e] ¢] o]
i ]
foj f iy
Oee......
[« AL LT P [SITRP {‘. ,
..... o _@ _@
‘O§'§
~~o— O+ O3+ O+
(AL 1
""""" Oeenn.. . +QO ;+O +O
----- o
1
§O~.\. ®_ @5 @_
\-§O\
O-...., —G %_Q _Q
0 .......... Oeun..,
J J .......... o O+ + O+
i ] / b’l
N A
4
Origin at 1 on glide plane a
Asymmetric unit 0<x<3; 0<y<i; 0<z<3
Symmetry operations
For (0,0,0)+ set
(H 1 (2) 2 3,0,z (3) 1 0,0,0 4) a x,0
For (0,1, 4)+ set
(1) 1(0,3,3) (2) 2(0,0,3) 14,1,z 3) 1 0,51 ) n(3,3,0) x5
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CONTINUED

Generators selected

Positions

Multiplicity, Coordinates

Wyckoff letter, O

Site symmetry (0,0,00+ (0,5,7)+

8 f 1 (D x,y,2 (2) x+13,9.2 (3) %,5,2
4 e 2 1,0,z 1,0,2

4 d 1 eI 0,73

4 ¢ 1 0,73 i

4 b 1 0,0, ; 3,03

4 a 1 0,0,0 3,0,0

Symmetry of special projections
Along [001] p2
a=1la b =
Origin at 0,0,z

Along [100] c2mm
b a=b b=c

Origin at x,0,0

1=

Maximal non-isomorphic subgroups

| [21A11a(Cc,9) (1; 4)+
[2]A112(C2,5) (1; 2)+
[2]A1(P1,2) (1; 3)+

Ma [2]P112,/n(P2/c,14) 1; 3; (2; 4)+(0,4,1)
21P112 /a(P2,/c,14) 15 4; (2; 3)+(0,1,1)
[2]P112/a(P2/c,13)  1; 2; 3; 4
[2]P112/n(P2/c,13)  1; 2; (3; 4)+(0,4,)

ITb

none

Maximal isomorphic subgroups of lowest index

e [3]A112/a(c =3¢)(C2/c, 15); [3]A112/a(a’ = 3a) (C2/c, 15);
[3]A112/a(® =3bora’ =a—b,b'=3bora =a+b,b =3b)(C2/c, 15)

Minimal non-isomorphic supergroups

I [2]1Cmcm (63); [2] Cmce (64); [2] Cccm (66); [2] Ccce (68); [2]1 Fdd d (70); [211bam (72); [2]1bca (73); [2] Imma (T4);
[2174,/a(88); [31P31c(163); [31P3c1(165); [3]1R3c (167)

I [21F112/m(C2/m, 12); [21A112/m (@ = ta)(C2/m, 12); [2]1 P112/a(® = tb,¢ = tc) (P2/c, 13)
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No. 15

(1); #(1,0,0); £(0,1,0); £(0,0,1); #(0,3,3); (2); (3)

4 x+3,52

C2/c

Reflection conditions

General:

Wkl : k+1="2n
WO : k= 2n
Okl : k+1="2n
WOl : 1=12n
000 : 1=2n
h00: h=2n
0k0 : k =2n

Special: as above, plus

no extra conditions
hkl : h+k=2n
hkl : h+k=2n
hkl : h=2n

hkl : h=2n

Along [010] p2gm

1
a = ;¢

b'=a,

Origin at 0,y,0



C2 / C Cgh 2/m Monoclinic
No. 15

UNIQUE AXIS ¢, DIFFERENT CELL CHOICES

Al12/a o\,

UNIQUE AXIS ¢, CELL CHOICE 1 A.

Origin at 1 on glide plane a

Asymmetric unit 0<x<i; 0<y<i; 0<z<

1
2

[SIES

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(0,4,4); (2); (3)

[SIE

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter, .

Site symmetry (0,0,0)+ (0,5,3)+ General:

8 f 1 (1) x,y,z 2)x+3,9,2 3) x5,z 4) x+3,3,2 hkl : k+1="2n 00/ : [=2n
hkQ : h,k=2n h00: h=2n
Okl : k+1="2n 0kO: k=2n
hol : [ =2n

Special: as above, plus

4 e 2 1.0,z 20,7 no extra conditions

4 d 1 3i0d 0§15 4 ¢ 1 04,4 Lt hkl : h+k=12n

4 b 1 0,0,1 1,03 4 a 1 0,0,0 1,0,0 hkl : h=12n
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CONTINUED

B112/n

UNIQUE AXIS ¢, CELL CHOICE 2

Origin at 1 on glide plane n

Asymmetric unit 0<x<j 0<y<i 0<z<I

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(3,0,4); (2); (3)
Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry (0,0,0)+ (3,0,3)+

8 f 1 (1) x,y,z () x¥+3,5+5,2 (3) x,5,2

4 e 2 HZ Bl

4 d 1 I 70,3 4 ¢ 1 0,3
4 b 1 0,0, 13, 4 a 1 0,0,0
UNIQUE AXIS ¢, CELL CHOICE 3

Origin at 1 on glide plane b

Asymmetric unit 0<x<i; 0<y<l; 0<Lz<!

Generators selected (1); (1,0,0); #(0,1,0); #(0,0,1); #(

wi—
o=
N2

\e)
—
—

w
=

[SIE

i

Positions

Multiplicity, Coordinates

Wyckoff letter, L

Site symmetry (0,0,00+ (5,1,3)+

8 f 1 (D) x,y,2 () x,y+3,2 (3) %,5,2 ) x,y+3,2
4 e 2 0,7,z 0,72

4 d 1 D v 4 ¢ 1 i

4 b 1 0,0,3 0,53 4 a 1 0,0,0
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No. 15

IS

4 x+3,y+75,2

N

hkl

hk0 :
Okl :
hol :

hkl -
hk0 :
Okl -

hOl

C2/c

Reflection conditions

General:
ch+1=2n 00l : I =2n
h,k=2n h00: h=2n
[=2n 0kO: k=2n

h+1=2n

Special: as above, plus

no extra conditions

hkl : k=2n
hkl © h+k=2n
a

Reflection conditions

General:
h+k+1=2n 00l : [=2n
h,k=2n h00: h=2n
k+1=2n 0kO: k=2n

ch+1=2n

Special: as above, plus

no extra conditions
hkl © h=2n

hkl : k=2n



International Tables for Crystallography (2006). Vol. A, Space group 16, pp. 200-201.

P222 D, 222 Orthorhombic

NO. 16 P 222 Patterson symmetry Pmmm
P222 P222
! T ! T T t
— ' ‘\— — ' ‘—
8o~ ' ' — — ' ' —
— ' ‘\— — ' ‘—
! l | | | |
P222
1 f T
— ‘ ' — 0 O 0 O
-O | O+ -O 0O+
S — " -
+O L O- +Q ] O-
‘_. . ._, -O O+ -O O+
| l |

Origin at 222
Asymmetric unit 0<x<3; 0<y<i; 0<z<I1
Symmetry operations

1)1 2) 2 0,0,z 3) 2 0,y0 “4) 2 x,0,0

Maximal non-isomorphic subgroups

I RIP112(P2,3) 12
RI1P121(P2,3) 1:3
21P211(P2,3) 1; 4

IIa none

Ib  [2]P2,22(a =2a)(P222, 17); [2] P22,2 (b =2b) (P222,, 17); [2] P222, (¢ =2¢) (17);
[21A222 (b'=2b,c' =2¢)(C222,21); [2] B222 (a' =2a,¢ =2¢)(C222,21); [2]C222 (a’ =2a,b’ =2b) (21);
[2] F222(a’ =2a,b' = 2b,c = 2¢) (22)

Maximal isomorphic subgroups of lowest index

IIc [2]1P222(a =2aorb =2borc =2c¢)(16)

Minimal non-isomorphic supergroups

I [2] Pmmm (47); [2] Pnnn (48); [2] Pcom (49); [2] Pban (50); [2] P422 (89); [2] P4,22 (93); [2] P42¢ (112); [2] PA2m (111);
[3]1 P23 (195)

I [2]A222(C222,21); [2]1 B222(C222,21): [2]C222(21); [2]11222 (23)
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CONTINUED No. 16 P222

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

Positions

Multiplicity, Coordinates Reflection conditions
Wyckoff letter,

Site symmetry General:

4 u 1 (1) x,y,2 (2) x,y,z (3) x,y,Z “4) x,7,Z no conditions

Special: no extra conditions

2t 2 54z 55,2

2 s 2 0,3,z 0,3,z

2 r 2 1,0,z $,0,Z

2 g ..2 0,0,z 0,0,z

2 p .2 55 5,953

2 o .2 1,5%,0 5,5,0

2 n .2 0,y,3 0,7,3

2 m .2 0,y,0 0,75,0

2 1 2 X, 1.4 X, 3,3

2 k2 x, 1,0 % 1,0

2 j 2 x,0, 3 x,0, 1

2 0 2. x,0,0 %,0,0

1 h 222 13,5

1 g 222 0,14

1 f 222 10,4

1 e 222 110

1 d 222 0,0, !

1 ¢ 222 0,%,0

1 b 222 10,0

1 a 222 0,0,0

Symmetry of special projections

Along [001] p2mm Along [100] p2mm Along [010] p2mm
a=a b'=b a=>b b =c a=c b'=a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

(Continued on preceding page)
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International Tables for Crystallography (2006). Vol. A, Space group 17, pp- 202-203.

2
P222, D; 222 Orthorhombic

NO. 17 P 2221 Patterson symmetry Pmmm
P222, P22,2
! ! ! f f f
- / )+ —— — —
4 4
S ' - E—| ‘. | —
=
! ! ! l ! !
P2.22
| I r
‘ ' ‘ O _OF bO OF
-0 [0~ -0 O+
-— —
&
S ' ‘
- e
1O | OF- 10 | O
¢ ' [ -O O+ -O O+
| | |
Origin at 212,
Asymmetric unit 0<x<3; 0<y<i; 0<z<I1
Symmetry operations
(H 1 (2) 2(0,0,3) 0,0,z 3)2 0,y 4 2 x,0,0
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CONTINUED No. 17 P222,

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

Positions

Multiplicity, Coordinates Reflection conditions
Wyckoff letter,

Site symmetry General:

4 e 1 () x,y,z ) xy,2+3 (3) X,y,2+3 4 x,y,2 007 : [=2n

Special: as above, plus

2 d .2 3,3 1,91 hOL = I =2n
2 ¢ 2 0,y,1 0,y,2 hol : [ =2n
2 b 2 X, 3,0 X33 Okl : 1=2n
2 a 2.. x,0,0 x,0, 3 Okl : 1 =2n
Symmetry of special projections

Along [001] p2mm Along [100] p2gm Along [010] p2mg

a=a b'=b a=>b b =c a=c b'=a

Origin at 0,0,z Origin at x,0,0 Origin at 0,y,

Maximal non-isomorphic subgroups

I 21P112,(P2,4) 1;2
[21P121(P2,3) 1; 3
[2]P211(P2,3) 1; 4

IIa none

IIb [2]P2,22, (a'=2a)(P2,2,2,18); [2]1 P22,2, (b =2b)(P2,2,2,18); [2]C222, (a' =2a,b' =2b) (20)

Maximal isomorphic subgroups of lowest index
IIc [2]P222,(a =2aorb =2b)(17); [3]1 P222,(c =3¢)(17)

Minimal non-isomorphic supergroups
I [2]1 Pmma (51); [2] Pnna (52); [2] Pmna (53); [2] Pcca (54); [2]1 P4,22 (91); [2]1 P4,22 (95)
II [2]1C222,(20); [2]A222(C222,21); [2]1B222(C222,21);[2]12,2,2,(24); [2]1 P222 (¢’ = 3¢) (16)
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International Tables for Crystallography (2006). Vol. A, Space group 18, pp- 204-205.

3
P2.2.2 D, 222 Orthorhombic

NO. 18 P 21 2 1 2 Patterson symmetry Pmmm
P2,2;2 P2,22,
l | I * I
' ' ' -~ —

P2.2,2
L
<>
-«

P22,2,
f
!

T

I
l

-

T ' ' T +O +O
O+ O+
] O-
ST e -0
+O O +O O
F A

l | |

Origin at intersection of 2 with perpendicular plane containing 2, axes
Asymmetric unit 0<x<3; 0<y<i; 0<z<I1
Symmetry operations

(H 1 (2)2 0,0,z (3) 2(0,5,0) 5,0 4) 2(5,0,0) x,3,0
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

4 ¢ 1 (1) x,y,z (2) x5,z

2 a ..2 0,0,z

Symmetry of special projections
Along [001] p2gg

a=a b'=b

Origin at 0,0,z

Along [100] p2mg
a=>b b'=c
Origin at x, 3,0

Maximal non-isomorphic subgroups

I 21P12,1(P2,,4) 1;3
21P2 11(P2,4) 1;4

[2]1P112(P2,3) 1; 2

none

[2]1P2,2,2, (¢ =2¢)(19)

IIa
IIb

Maximal isomorphic subgroups of lowest index
IIc

Minimal non-isomorphic supergroups

(1); ¢(1,0,0); ¢(0,1,0); £(0,0,1); (2); (3)

() xX+3y+3,2

[21P2,2,2(¢' =2¢)(18); [3] P2,2,2(a’=3a or b’ = 3b) (18)

No. 18 P2,2.2
Reflection conditions
General:
@) x+3,9+1.2 h00: h=2n
0kO: k=2n

Special: as above, plus
hkO: h+k=2n

hkO: h+k=2n

Along [010] p2gm
a=c b'=a
Origin at ;,y,0

I [21 Pbam (55); [2] Pccn (56); [21 Pbem (57); [2] Pnnm (58); [2] Pmmn (59); [2] Pbcn (60); [2] P42,2 (90); [2] P4,2,2 (94);

[2] P42,m (113); [2] P42 c (114)

I [21A2,22(C222,20); [21B22,2(C222,,20); [2]1C222(21); [2]11222(23); [2]1 P22,2 (a' = ;a) (P222, 17);

[2] P2,22 (b = ib) (P222,,17)
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4
P2,2,2, D, 222 Orthorhombic
NO. 19 P 21 2 1 21 Patterson symmetry Pmmm

P2,2,2, P2,2,2,

-
i

P2,2,2,
am r
-
P2,2:2,
-
@

T T —
| | I 0 i
P2.2.2,
H [ H
/ / o
O+ O+
3 f 0 3+O 3O
N -O
O
‘ ’ O+ O+
K E I
Origin at midpoint of three non-intersecting pairs of parallel 2, axes
Asymmetric unit 0<x<i; 0<y<i; 0<z<1
Symmetry operations
(1)1 (2) 2(0,0,3) 1,0,z (3) 2(0,3,0) 0,5 4 2(3,0,0) x,1,0
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CONTINUED No. 19 P2,2,2,

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

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry General:

4 a 1 (1) x,y,z 2)x+45,y,z+4 B)xy+3,2+3 4 x+35,5+3.2 h00: h=2n
0kO: k=2n
00l : [=2n

Symmetry of special projections

Along [001] p2gg Along [100] p2gg Along [010] p2gg

a=a b'=b a=>b b'=c a=c b'=a

Origin at 1,0,z Origin at x, 1,0 Origin at 0, y,

Maximal non-isomorphic subgroups

I 21P112,(P2,,4) 1;2
2]1P12,1(P2,,4) 1;3
21P2 11 (P2,,4) 1;4

ITa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc [3]P2,2,2 (@ =3aorb =3borc =3c)(19)

Minimal non-isomorphic supergroups

I [2]1 Pbca (61); [2] Pnma (62); [2] P4,2,2(92); [2] P4,2,2(96); [3] P2,3 (198)

Il [2]A2,22(C222,,20); [2]1 B22,2(C222,,20); [2]C222, (20); [2]112,2,2, (24); [2] P22,2, (a' = }a) (P2,2,2, 18);
[21P2,22, (b = 3b) (P2,2,2,18); [2] P2,2,2 (¢’ = 3¢) (18)
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International Tables for Crystallography (2006). Vol. A, Space group 20, pp- 208-209.

C222, D; 222 Orthorhombic

NO. 20 C2221 Patterson symmetry Cmmm
C222, B22,2
1 1 1
S T B T A ! t
- y e — — — —
o r ' PR i
Sl ' b I ‘. | —
ol L N ol R S B e
ol ' e — N
SRR f i f
A2,.22
S A B G
—4———1 1O Ok 1O OF
-O| O+ -0 O+
A%-<- ->-%—
o 0 | Ok
S I IR B OO
| £ 1O Loy 10| OF
————0 -O O+ -O O+
I T B P
Origin at 212,
Asymmetricunit 0<x<j; 0<y<3; 0<z<;3
Symmetry operations
For (0,0,0)+ set
(H 1 (2) 2(0,0,3) 0,0,z 3) 2 0,y “4) 2 x,0,0
For (1,4,0)+ set
(1) 1(3,3,0) 2) 2(0,0,3) 1.71:2 (3) 2(0,5,0) 3,3 4) 2(5,0,0) x,3,0
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CONTINUED

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); ¢(3,3,0); (2); (3)

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

(07070)+ (%7%’0)+

8 ¢ 1 (1) x,y.2 ) %5,2+4 () £y 7+
4 b 2. 07)’,% 07)77%
4 a 2.. x,0,0 %0,

Symmetry of special projections

Along [001] c2mm Along [100] p2gm
a=a b'=b a=1b b =c
Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups
I [21C121(C2,5) (1; 3)+

[2]C211(C2,5) (1; 4)+
[2]C112, (P2, 4) (1; 2)+

Ma [2]P2,22 (19 152; (35 4)+ (5,3,0)
[21P2,22 (P2,2,2,18) 1; 3; (2; 4) +(1,1,0)
[21P22,2,(P2,2,2,18) 1; 4; (2; 3)+(4,1,0)
[2] P222,(17) 1;2; 3; 4

IIb none

Maximal isomorphic subgroups of lowest index

Ic [3]C222, (a =3aorb =3b)(20); [3]C222, (¢ =3c)(20)

Minimal non-isomorphic supergroups

No. 20

C222,

Reflection conditions

General:

hkl : h+k=2n
Okl : k=2n
hOl : h=2n
hkQ: h+k=2n
h00: h=2n
0k0: k=2n
00l : [ =2n

Special: as above, plus
hol : 1 =2n

Okl : I=2n

Along [010] p2mg

a=c

1
b/iga

Origin at 0,y,

I [2] Cmem (63); [2] Cmce (64); [2] P4,22 (91); [2] P4,2,2(92); [2] P4,22 (95); [2] P4,2,2(96); [3] P6,22 (178);

[3] P6,22(179); [3] P6,22 (182)

I [2]F222(22);[2] P222, (a' = a,b/ = 1b) (17); [2] C222 (¢ = t¢) (21)
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C222 D;

No. 21 C222
C222
bt
— ' ‘\—
5o ' '\ —
— ' ‘\—
A
A222
Pt b+t
‘;*0 —— 0*-%-
ek I I B e

o

¢

-— -
-

-

-

-— -

Origin at 222

Asymmetric unit 0<x<y; 0<y<i; 0<z<I1
Symmetry operations

For (0,0,0)+ set

(1 2)2 0,0,z 3) 2 0,y0

For (3,3,0)+ set

(1) (3,3,0) 22§52 (3) 2(0,5,0) .y,

Copyright © 2006 International Union of Crystallography

0

210

222 Orthorhombic
Patterson symmetry Cmmm
B222
H t H
t t ¢
1 S
§ -— .] (] ? —
A
— ' ‘—
' ' ¥
{3 {1 {1
O O- O O-
-O 1O+ -O| O+
+O | O-
-O | O+
-0 | O- 0| O-
-O O+ -O O+
4) 2 x,0,0

4) 2(5,0,0) x,3,0
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CONTINUED No. 21 C222

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); ¢(3,3,0); (2); (3)

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter, .

Site symmetry (0,0,00+ (3,5,0)+ General:

8 1 1 (1) x,y,z (2) 5,3,z (3) %,y,Z 4 x,3,2 hkl : h+k=2n hkO : h+k=2n
Okl : k=2n h00: h=2n
hOl : h=12n 0kO: k=2n

Special: as above, plus

4 k 2 2 L0z hkO: h=2n

4 2 0,3,z 0,3,2 no extra conditions

4 i 2 0,0,z 0,0,z no extra conditions

4 h 2. 0,y,3 0,9,5 no extra conditions

4 g 2 0,y,0 0,7,0 no extra conditions

4 f 2.. x,0,1 x,0,1 no extra conditions

4 e 2.. x,0,0 x,0,0 no extra conditions

2 d 222 0,0,1 no extra conditions

2 ¢ 222 3,0,1 no extra conditions

2 b 222 0,:,0 no extra conditions

2 a 222 0,0,0 no extra conditions

Symmetry of special projections

Along [001] ¢c2mm Along [100] p2mm Along [010] p2mm
a=a b =b a=;b b =c a=c b’ =;a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I [21C121(C2,5) (1; 3)+
[2]1C211(C2,5) (1; 4)+
[2]1C112(P2,3) (1; 2)+
IIa [2]P2,2,2(18) 1; 2; (3; 4)+(3,4,0)
[21P2,22(P222,,17) 1; 3; (2; 4)+(4,1,0)
[21P22,2(P222,17) 1; 4; (2; 3)+(4,1,0)
[2] P222(16) 1;2; 3; 4
IIb  [2]72,2,2, (¢ =2¢)(24); [211222 (¢’ = 2¢) (23); [2] C222, (¢ = 2¢) (20)

Maximal isomorphic subgroups of lowest index
IIc  [2]1C222 (¢’ =2¢)(21);[3]C222(a’ =3aorb =3b)(21)

Minimal non-isomorphic supergroups
I [2] Cmmm (65); [2] Cccm (66); [2] Cmme (67); [2] Ccce (68); [2] P422 (89); [2] P42,2(90); [2] P4,22 (93); [2] P4,2,2 (94);
[2] P4m?2 (115); [2] P4c2 (116); [2] P4b2 (117); [2] P4n2 (118); [3]1 P622 (177); [3] P6,22 (180); [3] P6,22 (181)

I [2]F222(22);[2]1 P222(a = ta,b' = 1b) (16)
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F222

No. 22

F222

F222

Origin at 222

Asymmetric unit

D]

Symmetry operations

For (0,0,0)+ set
(H 1

For (0,3, 3)+ set
(1) #(0,3,3)
For (3,0, 1)+ set
(1 #(5,0,3)
For (3,3,0)+ set
(1) #(3,3,0)

F222
222
FR PR PR F O §
4 b ) 4
E A AL e e
= §| (R ? aty
T ? 'y ¢ ? -7
<= ? (R ? -7
< ————0 -
R | i v i B
R £ SR RN S P
F222
HoHoN HoN
} } } bt
E
. ? (R §| T
I B
i ? (I ) ? 'y
-
A i \ { v
PR RN PR 2 R P
0<x<3 0<y<y; 0<z<1
(2) 2 0,0,z (3)2 0,0
(2) 2(0,0,) 0,!,z 3) 2(0,1,0)
() 2(0,0,3) 3,0,z 3)2 &y
@) 2 11z 3) 2(0,1,0)

0,y, 3

),0

F222

Orthorhombic

Patterson symmetry F mmm

222
F222
(RN PR T R P ¢
} } 4 } 4
7= —— e
<= ? . ¢ ? -7
T ? y o ? T
<= ? " 9 ? ~T
< ———— -
A { ) {
'FRNE 7 S PR 7 BN |
O _O- 1O OF O O
-O| 0O+ 30103+ -0 | O+
1ol ok 0|o- +0 |0k
1-0 [OF OO+ 10 Ok
.0lo- rolor+0lo-
-O O+ +-O0 03+ -0 O+
@) 2 x0,0
) 2 x1!

4) 2(3,0,0) x,0,3

4) 2(5,0,0) x,3,0

Maximal isomorphic subgroups of lowest index

Ilc

Minimal non-isomorphic supergroups
I [2]1 Fmmm (69); [2] Fddd (70); [2]11422 (97); [2]114,22(98); [2]1 14m?2 (119); [2] 14¢2 (120); [3] F 23 (196)
I [21 P222(a' = 1a,b' = ib,¢' = ic) (16)
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[3] F222(a' =3aorb =3bore = 3c) (22)
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(0,3,3); #(

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry (0a0a0)+ (07%7%)+ (%707% (%a%70)+
l6 k 1 (1) x,y,2 (2) %,y,z (3) %,z

8 Jj 2 X, 1,4 %101
8 i .2 TV LV
8 h 2 11,2 3.5z
8 2 0,0,z 0,0,z
8 f .2. 0,y,0 0,7,0
8 ¢ 2. x,0,0 %,0,0
4 d 222 1.3,3
4 ¢ 222 13,1
4 b 222 0,0,
4 a 222 0,0,0

Symmetry of special projections
Along [001] p2mm

a=ja b'=ib a =;b
Origin at 0,0,z

Maximal non-isomorphic subgroups
I [21F112(C2,5) (1; 2)+
[2]1F121(C2,5) (1;
[21F211(C2,5) (

Ila [2]A222(C222,21) 1
[21A222(C222,21) 1
[21B222(C222,21) 1
[21B222(C222,21) 1
[21C222(21) 1;
1

1

1

1

1

1

1

BEDENPRRNOR AN

4:

=
+
—
1=
=

[21C222 (21)
[2]A2,22(C222,,20)
[2]A2,22(C222,,20)
[2] B22,2(C222,, 20)
[2] B22,2(C222,, 20)
[2] €222, (20)

[21C222, (20)

IIb none

Li—i— O O i—wl—oi—

NSNS S AN Q) W
[S VD VSV VN N U

ALwhRrLOWRNORW
ELERERD
FoA A+
e e e e
RI—RI=RI—= O O NI—

(Continued on preceding page)

@
J';
_
n
)
N

—
—
SrE N
N
=+
u~/\
oL
T,
Wl

AR STERARY

—~
—
98]

O O bimvim = ie O

Along [100] p2mm

1
b’:5c

Origin at x,0,0

) x,3,2

O O RI—RI=RI= PRI O RI= =
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No. 22

=
OI—

(O))

— ~— ~—

—
—

\®)
OI—
ol—

»
N
)

o=

o
=
—
o1—
o1—

Wk WhABDADN

Rl= === O O wi—
tH+++++ + +
NN N NN TN ~—~ ~—
[ = Y T
N N S e S N S~— S~—

Sim o= O O toim i o=
— e TN T
,[\.) DN LN W W
Rl= === O O wi—

NSNS S S
O O vimvi=ni—vi—~ O

F222

Reflection conditions

General:

hkl © h+kh+1k+1=2n
Okl : k,1=2n
hOL : h,0=2n
hkO : hk=2n
h00: h=2n
0k0 : k=2n
00l : [=2n

Special: no extra conditions

Along [010] p2mm
a =jc b’ = ia
Origin at 0,y,0



International Tables for Crystallography (2006). Vol. A, Space group 23, pp- 214-215.

8 .
i 2 2 2 D2 222 Orthorhombic
NO. 23 I 222 Patterson symmetry Immm
1222 1222
S N S A
— ' ‘— — ' ‘—
2 ' ' —  HE— ' ¢
Y YT T Y YT
— ' ‘\— — ' ‘—
bl b ol
1222
S A S
- . . . - +O O- +O O-
-O | O+ -O| O+
sl B, | T
g " 10 | Ot
8 — ' ‘\— O Ol
T ! b T -0 LO- 0] o
— ' ' — © o ©0
bbb
Origin at 222
Asymmetricunit 0<x<j; 0<y<ji; 0<z<;
Symmetry operations
For (0,0,0)+ set
(1 2) 2 0,0,z 3) 2 0,y0 “4) 2 x,0,0
For (3,3,3)+ set
(M) 1(3,3,3) (2 2(0,0,3) 1,5,2 (3) 2(0,5,0) 5,y.3 4) 2(5,0,0) x,3,3
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

8 Lk 1 D) x,y,z
4 2 0,1,z
4 i 2 0,0,z
4 h .2 13,0
4 2 0,y,0
4 f 2.. x,0, 3
4 e 2.. x,0,0
2 d 222 0,3,0
2 ¢ 222 0,0, 5
2 b 222 5,0,0
2 a 222 0,0,0

No.

(1); #(1,0,0); £(0,1,0); £(0,0,1); #(3,3,3); (2); (3)

Coordinates

(0,0,0)+

(2) %3,z (3) %,y,2 ) x,3,2

Symmetry of special projections

Along [001] ¢c2mm
a=a b'=b
Origin at 0,0,z

Along [100] ¢c2mm
a=>b b =c¢
Origin at x,0,0

Maximal non-isomorphic subgroups

I [211112(C2,5)
[2]17121(C2,5)
[211211(C2,5)

Ia [2]P2,22(18)
[21P2,22, (P2,2,2, 18)
[21P22,2,(P2,2,2, 18)
[2] P222(16)

IIb none

(1; 2)+

1= 1= 1 —
~——

S S
~—

Maximal isomorphic subgroups of lowest index

Ilc

[3]17222(a =3aorb =3bor ¢ = 3¢)(23)

Minimal non-isomorphic supergroups
I (21 Immm (71); [2]Ibam (72); [2)1422 (97); [21142m (121); [31123 (197)
II  [2]A222(a =1a)(C222,21); [21 B222 (b = ib) (C222,21); [2]C222 (¢ = te) (21)

215

23

1222

Reflection conditions

General:

hkl : h+k+1=2n
Okl : k+1=2n
hOl : h+1=2n
hkO: h+k=2n
h00: h=2n

0kO: k=2n

00l : I=2n

Special: no extra conditions

Along [010] ¢c2mm

a=c

b=a

Origin at 0,y,0



International Tables for Crystallography (2006). Vol. A, Space group 24, pp- 216-217.

12,22, D,

222 Orthorhombic
NO. 24 I 21 2 1 21 Patterson symmetry Immm
1222, 12,22,
HopoR oo N
T T T — T
— / - ' '\ —
ST Y Y | ToET] b |7
— / ) — — ' '\ —
e — -
| | |

Bl
e
P
N

s

_,
PN

—_—

—_—
Bl

bt

oy .0 O
. \ . 0[O~ 0| O-
o 1O | O- 1:0 | O-
s Y T 2 olor
— ' '\ — | olor
T , , T -0 O+ -0 O+
O A

Origin at midpoint of three non-intersecting pairs of parallel 2 axes

Asymmetric unit 0<x<i; 0<y<i 0<z<H4

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

(O 1 (2) 2(0,0,5) 1,0,z (3) 2(0,5,0) 0,y,1 4 2(5,0,0) x,5,0
For (4,3, 1)+ set
(1) t(3,3,3) (2)2 0,3,z 3) 2 0 4 2 x,0,3
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CONTINUED

Generators selected

No. 24

(1); #(1,0,0); £(0,1,0); £(0,0,1); #(3,3,3); (2); (3)

Positions

Multiplicity, Coordinates

Wyckoff letter, O

Site symmetry (0,0,0)+  (3,7,3)+

8 d 1 (D x,y,2 (2) x+3,5,2+; B xy+1,2+; B x+3,5+1.2
4 ¢ 2 0,1,z 0,7,2+4

4 b .2 15,0 N

4 a 2 x707% f+%707%

12,2,2,

Reflection conditions

General:

hkl : h+k+1=2n

0kl :
hol :
hkO :
h00 :
0kO0 :
00! :

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

Special: as above, plus
hkO: h=2n
hOl : h=2n

Okl : k=2n

Symmetry of special projections
Along [001] c2mm

a=a b'=b

Origin at 1,0,z

Maximal non-isomorphic subgroups

Along [100] c2mm
a=>b b =c
Origin at x, 1,0

I [2]1112,(C2,5) (1; 2)+
[2]712,1(C2,5) (1; 3)+
[2172,11(C2,5) (1; 4)+

IIa [2]P2,2,2,(19) 1; 2; 3; 4
[21P222 (17) 1525 (3 4)+(3,5,3)
[21P22,2(P222,17) 1; 3; (2 4)+(4,4,1)
[21P2,22(P222,17) 1; 4; (2; 3)+(4,4,1)

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]172,2,2,(a =3aorb =3borc =3c)(24)

17171

Minimal non-isomorphic supergroups

I [2]Ibca (73); [21 Imma (T4); [2]114,22 (98); [2]1132d (122); [3]12,3 (199)

Along [010] c2mm
a=c b'=a
Origin at 0,y, }

Il [2]A222(a = a)(C222,21); [2] B222 (b = 'b) (C222,21); [2]1C222 (¢ = t¢) (21)
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1 :
P mm2 sz mm?2 Orthorhombic
NO. 25 P mm2 Patterson symmetry Pmmm
Pmm?2 Pm2m
' ' ' | -~ —
' ' ' -— —
l__ P2mm
+O O+ +O O+
+® O+ +® O+
S
5
+O | O+ +O | O+
+® O+ +&® O+

Origin on mm?2
Asymmetric unit 0<x<}1;
Symmetry operations

(D1 (2)2 0,0,z (3) m x,0,z (4) m 0,y,z
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CONTINUED No. 25 Pmm?2

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

Positions

Multiplicity, Coordinates Reflection conditions
Wyckoff letter,

Site symmetry General:

4 i 1 (1) x,y,z (2) x,y,z (3) x,¥,z 4) %,y,2 no conditions

Special: no extra conditions

2 b om 3,02 3,0,2
2 g m 0,y,z 0,9,z
2 f .m X,3.z X1,z
2 e .m. x,0,z x,0,z
1 d mm2 1,12
1 ¢ mm2 1,0,z
1 b mm?2 0,3,z
1 a mm2 0,0,z

Symmetry of special projections

Along [001] p2mm Along [100] p1m1 Along [010] p11m
a=a b'=b a=>b b =c a=c b'=a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

I 21P1ml(Pm,6) 1;3
2] Pmll(Pm,6) 1; 4
[21P112(P2,3) 1; 2

IIa none

Ib  [2] Pma2 (a' = 2a) (28); [21 Pbm2 (b' = 2b) (Pma2, 28); [2] Pcc2 (¢ = 2¢) (27); [2] Pmc2, (¢ = 2¢) (26);
[21Pcm2, (¢ =2¢) (Pmc2,,26); [21Aem2 (b =2b,¢ =2¢)(39); [2]Amm2 (b’ =2b,¢ = 2¢) (38);

[2] Bme2 (a' = 2a,¢ = 2¢) (Aem2, 39); [2] Bmm2 (a = 2a,¢ = 2¢) (Amm?2, 38); [2] Cmm2 (a' = 2a,b' = 2b) (35);
[21Fmm?2 (a’ =2a,b’' =2b,¢ = 2¢) (42)

Maximal non-isomorphic subgroups

>

Maximal isomorphic subgroups of lowest index
IIc  [2]1Pmm2(a =2aorb =2b)(25); [2]1 Pmm?2 (¢ =2¢) (25)

Minimal non-isomorphic supergroups
I (2] Pmmm (47); (2] Pmma (51); [2] Pmmn (59); [2] P4mm (99); [2] P4, mc (105); [2] P4m?2 (115)
II [21Cmm?2 (35); [2]Amm?2 (38); [2] Bmm?2 (Amm?2, 38); [2] Imm?2 (44)
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Pmc?2, C,

mm?2 Orthorhombic
NO. 26 Pmc 21 Patterson symmetry Pmmm
Pmc2, r Pm2,b
— — —
i :
Y ' ' g —
/ / / ~— —
P2.am
N
[ I ! O O+ M OINOX
I | I O | O+ +O | O+
I I |
g | | I
3 | I I
R | I
I I I
| I | O O #Q | O+
l l | »© O+ O O+
| | |

Origin on mc2,

Asymmetricunit 0<x<j; 0<y<i; 0<z<lI
Symmetry operations
(1)1 (2) 2(0,0,3) 0,0,z (3) ¢ x,0,z (4) m 0,y,z
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CONTINUED No. 26 Pmc?2,

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 ¢ 1 (1) x,y,z 2) %,7,z+3 3) x,7,z2+ 3 4) x,y,7 hol : 1 =2n
00/ : I=2n

Special: no extra conditions

[N

1 1
2 b m.. EERAEY 2

<

, 2+
Z+

[T

2 a m.. 0,y,z 0,y,

Symmetry of special projections

Along [001] p2mm Along [100] plgl Along [010] p11m
a—=a b =b a=b b =c a =ic b =a
Origin at 0,0, z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I [21P1cl (Pc,T) I; 3
2]1Pm11(Pm,6) 1; 4
21P112,(P2,4) 1;2

IIa none

IIb [2]Pmn2, (a =2a)(31); [2] Pbc2, (b =2b) (Pca?2,, 29); [2]Cmc2, (a' = 2a,b’ = 2b) (36)

Maximal isomorphic subgroups of lowest index
IIc  [2]Pmc2, (a =2a)(26); [2] Pmc2, (b =2b) (26); [3]1 Pmc2, (¢ = 3¢) (26)

Minimal non-isomorphic supergroups
I [21 Pmma (51); [2] Pbam (55); [21 Pbcm (57); [2] Pnma (62)
II [21Cmc2,(36); [21Amm?2 (38); [2] Bme2 (Aem?2, 39); [2]Ima?2 (46); [2]1 Pmm2 (¢’ = 5¢) (25)
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Pcc? C.,

No. 27 Pcc?2
Pcc2
‘ ................ . ................ .
o o
N [TTTTTTTTrsnny T ur O Q
£ ! ' ' 3
. ................ . ................ .
P2aa
| I L
I | I
| I |
S
S I
I | I
I I I
| I |
L 1 ]
Origin on cc2
Asymmetric unit 0<x<i; 0<y<i; 0<z<I1
Symmetry operations
(H 1 (2)2 0,0,z (3) ¢ x0,z 4 ¢ 0,z
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2

2

MO

+©

mm?2 Orthorhombic
Patterson symmetry Pmmm
Pb2b
r— ——————— -— —
R J .
O QO
O~ FO O
Qfr O | OF
O+ %+® O+
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CONTINUED No. 27 Pcc?

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 e 1 (1) x,y,z 2) x,7,z 3) x,7,z2+ 3 4) %,y,z+ 4 Okl : 1=2n
hol : [ =2n
00l : I=2n

Special: as above, plus

2. d .2 33,2 353,243 hkl : 1=2n
2 ¢ 2 4,0,z 4,0,z+14 hkl : 1=2n
2 b .2 0,3,z 0,3,z+3 hkl : 1=2n
2 a ..2 0,0,z 0,0,z+3 hkl : 1=2n
Symmetry of special projections

Along [001] p2mm Along [100] p1m1 Along [010] p11m

a=a b =b a=b b = jc a=jc b =a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I 21Plcl(Pe,7) 1;3
2]1Pcl1(Pc,7) 1 4
R1P112(P2,3) 12

IIa none
IIb [2]1Pcn2(a =2a)(Pnc2,30); [2]1 Pnc2 (b =2b) (30); [2] Ccc2 (a’ = 2a,b’ = 2b) (37)

Maximal isomorphic subgroups of lowest index
IIc  [2]Pcc2(a =2aorb =2b)(27); [3] Pcc2 (¢ =3¢) (27)

Minimal non-isomorphic supergroups
I [2] Pccm (49); [2] Pcca (54); [2] Pccen (56); [2] P4,cm (101); [2] P4cc (103); [2] P4c2(116)
I [21Ccc2 (37); [21Aem2 (39); [2]1 Bme2 (Aem?2, 39); [2] Iba?2 (45); [2] Pmm?2 (¢ = 3¢) (25)
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Pma? G,

mm?2 Orthorhombic
NO. 28 Pma 2 Patterson symmetry Pmmm
Pma? Pm2a
' ' ' I -— —
RN
S
N N N : N
i i i
) ) ) -~— .
P2em
*| f f t
: +O +O
O+ O+
S Ok O+
< +® +®
+O +O
O+ O+

Origin on 1a2

Asymmetric unit 0<x<i; 0<y<l; 0<z<l1
Symmetry operations
(H 1 (2) 2 0,0,z (3) a x,0,z @ m 3,3z
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CONTINUED No. 28 Pma?

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 d 1 (1) x,y,z 2) x,y,z 3) x+3,5,2 4) T+ 3,92 hOl : h=2n
h00: h=2n

Special: as above, plus

2 ¢ m.. 2 3.9,z no extra conditions
2 b ..2 0,3,z 55,2 hkl : h=2n

2 a ..2 0,0,z 5,0,z hkl : h=2n
Symmetry of special projections

Along [001] p2mg Along [100] p1m1 Along [010] p11m

a=a b’ =b a=>b b =c a=c b =ja

Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

1 [21P1al (Pc,7) 1; 3
[21Pm11(Pm,6) 1; 4
[21P112(P2,3) 1; 2

IIa none

IIb [2]Pba2 (b’ =2b) (32); [2] Pmn2, (¢’ =2¢) (31); [2] Pcn2 (¢’ =2¢) (Pnc2,30); [2]1 Pca2, (¢ =2¢) (29);
[21Aea2 (b =2b,¢ =2¢) (41); [21Ama2 (b’ = 2b,c¢ = 2¢) (40)

Maximal non-isomorphic subgroups

bl

Maximal isomorphic subgroups of lowest index
Ilc [2]Pma2 (b =2b)(28); [2] Pma?2 (¢ = 2¢) (28); [3] Pma2 (a' = 3a) (28)

Minimal non-isomorphic supergroups
I [21Pccm (49); [2] Pmma (51); [2] Pmna (53); [2] Pbcm (57)
I [21Cmm?2 (35); [2]1 Bme2 (Aem?2, 39); [2] Ama2 (40); [2] Ima?2 (46); [2] Pmm?2 (2’ = 3a) (25)
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Pca?,
No. 29

5
C2v

Pca?,

Pbc2,
@
—"—
—_——

P
—_—
—

Pc2,b

Origin on 1a2,

Asymmetric unit 0<x<i 0<y<l1; 0<z<I1
Symmetry operations
(H 1 (2) 2(0,0,3) 0,0,z (3) a x,0,z
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]

P2,ab

4) c

1
FERZR4

mm?2 Orthorhombic
Patterson symmetry Pmmm
Pb2,a
o ———— — —
MO)
O+ O+
o4 o
+O
1O
O+ O+


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o029/

CONTINUED

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

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

4 a 1 () x,y,z 2 xy,2+3 () x+3,¥.2

Symmetry of special projections

Along [001] p2mg Along [100] p1m1
a=a b’ =b a=b b =jc
Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups

I [21Plal(Pc,7) 1; 3
[2]Pcl1(Pc,7)  1: 4
21P112,(P2,,4) 1;2

IIa none

b [2]Pna2, (b =2b)(33)

Maximal isomorphic subgroups of lowest index

No. 29

(4) X+3.5,2+3

Pca?,

Reflection conditions

General:

Okl : 1 =2n
hOl : h=2n
h00: h=2n
00l : I=2n

Along [010] p11g

a=c

_ 1
b’—ia

Origin at 0,y,0

IIc  [2]Pca2, (b =2b)(29); [3] Pca2, (a' = 3a)(29); [3] Pca2, (¢ =3c)(29)

Minimal non-isomorphic supergroups
I [21Pcca (54); [21 Pbcm (57); [21 Pbcn (60); [2] Pbca (61)

I [21Ccm2, (Cmc2,,36); [21Bme2 (Aem?2, 39); [2]Aea?2 (41); [2]11ba2 (45); [2] Pcm?2, (2’ = 3a) (Pmc2,, 26);

[21 Pma?2 (¢ = 3¢) (28)
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6
Pnc 2 sz mm?2 Orthorhombic

No. 30 Pnc?2 Patterson symmetry Pmmm

L g

|

!

|

e 7

| I

|

I

|

L g

PN

-
3
N
S

(e ¢ — — — — — — — — —
o~ N
5 .—c—o—--—.—-—.—u—. : — foos ¢ . — G —— w— ¢ — w— e— —
U Q..

._._._._.._._.._._. -— e,

T T +O ole
| | O+ 1+® O+
I I
N
)
Q
I |
| I
l | +O @%-{» +O
' 1 O+ 1O O+
Origin onn12
Asymmetric unit 0<x<i; 0<y<l; 0<Lz<!
Symmetry operations
(H 1 (2) 2 0,0,z () ¢ x1,2 ) n(0,3,3) 0,5z
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CONTINUED No. 30 Pnc?

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 ¢ 1 (D) x,y,z (2) %9,z B)x,y+i5.2+5 (4) X,y+35.2+3 Okl = k+1=2n
hol : [ =2n
0kO: k=2n
00/ : I=2n

Special: as above, plus

2 b 2 $,0,2 55,2+ 3% hkl @ k+1=2n
2 a ..2 0,0,z 0,5,z+3 hkl : k+1=2n
Symmetry of special projections

Along [001] p2gm Along [100] c1m1 Along [010] p11m

a—=a b =b a=>b b =c a =ic b =a

Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I [21P1lcl(Pc,7) 1;3
21Pnll(Pc,7) 1 4
RIP112(P2,3) 12

IIa none
IIb [2]1Pnn2(a =2a)(34)

Maximal isomorphic subgroups of lowest index
IIc [2]Pnc2(a’ =2a)(30); [3] Pnc2 (b =3b) (30); [3] Pnc2 (¢ =3c) (30)

Minimal non-isomorphic supergroups
I [21Pban (50); [2] Pnna (52); [2] Pmna (53); [2] Pbcn (60)
II  [2]1Ccc2(37); [21Amm2 (38); [2]1 Bbe2 (Aea?2, 41); [2] Ima2 (46); [2] Pcc2 (b = b) (27); [2]1 Pbm2 (¢ = L¢) (Pma?, 28)
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7
C2v

Pmn 21 mm?2 Orthorhombic
NO. 3 1 Pmn 21 Patterson symmetry Pmmm
Pmn2, - Pm2.n
! ! !
I B
~ | | | S
= ¥ ¥ :
I T R R
! ! ! -
i i i
P2.nm
| [ | I
! ' ] O+ O+
! ! ! O+ O+
! ! i
| I |
L i i o) 1O
SR i i 0O RO
i ! i
! ! ! O+ O+
L J l O+ ()+
li li l
Origin on mn1
Asymmetric unit 0<x<!t 0<y<i; 0<z<1
Symmetry operations
(H 1 (2) 2(0,0,5) 3,0,z (3) n(3,0,7) x,0,z 4 m 0,z
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CONTINUED

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

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

4 b 1 (D x,y,2 (2) ¥+3.5,2+ B)x+3.5,245

o=

2 a m. . 07y7Z %7}_}7Z+

Symmetry of special projections

Along [001] p2mg Along [100] p1g1
a=a b'=b a=>b b'=c
Origin at 1,0,z Origin at x,0,0

Maximal non-isomorphic subgroups

I [21P1nl1(Pc,7) 1; 3
[21Pm11(Pm,6) 1; 4
21P112,(P2,,4) 1;2

ITIa  none

IIb [2]Pbn2, (b’ =2b)(Pna2, 33)

Maximal isomorphic subgroups of lowest index

No. 31 Pmn?2,

Reflection conditions

General:

hOl : h+1=2n
h00: h=2n
00l : I=2n

) x,yz

Special: no extra conditions

Along [010] c11m
a=c b'=a
Origin at 0,y,0

IIc [2]Pmn2, (b'=2b)(31); [3]1Pmn2, (a' =3a)(31); [3]1Pmn2, (¢ =3c)(31)

Minimal non-isomorphic supergroups
I [21 Pmna (53); [2]1 Pnnm (58); [2] Pmmn (59); [2] Pnma (62)

I [21Cmc2,(36); [21 Bmm2 (Amm2,38); [21Ama?2 (40); [2] Imm?2 (44); [2] Pmc2, (@' = ;a) (26); [2] Pma2 (¢ = ;¢) (28)

231



International Tables for Crystallography (2006). Vol. A, Space group 32, pp- 232-233.

8 i
P ba2 sz mm?2 Orthorhombic
No. 32 P ba2 Patterson symmetry Pmmm
Pba? Pc2a
' | ' | ' I -~ —
__+_...—T_... ......................................
g : ' : ' g - —
r_.._.T__.._T__ ......................................
———1— -— —

S
—_— l
—_—
—

Pc2a
+
©

Originon 112
Asymmetricunit 0<x<j; 0<y<i; 0<z<lI
Symmetry operations

(D1 (2)2 0,0,z (B)a xiz2 4 b iz
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CONTINUED No. 32 Pba?

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 ¢ 1 () x,y,z (2) x5,z (B)x+3,7+71,2 (4 X+3,y+71.2 Okl = k=2n
hOl : h=2n
h00: h=2n
0kO: k=2n

Special: as above, plus

2 b ..2 0,3,z 5,0,z hkl : h+k=2n
2 a ..2 0,0,z 5,3,2 hkl : h+k=2n
Symmetry of special projections

Along [001] p2gg Along [100] p1m1 Along [010] p11m

a=a b’ =b a=:b b=c a=c b =ja

Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I [21Plal(Pc,7) 1;3
21Pb11(Pc,7) 1 4
RIP112(P2,3) 12

IIa none
IIb [2]Prn2(c =2c)(34); [2]1 Pna2, (¢ =2¢) (33); [21 Pbn2, (¢ =2¢) (Pna2,, 33)

Maximal isomorphic subgroups of lowest index
IIc  [2]1Pba2(c =2¢)(32); [3]Pba2(a’ =3aorb =3b)(32)

Minimal non-isomorphic supergroups
I [21 Pban (50); [2] Pcca (54); [21 Pbam (55); [21 P4bm (100); [2] P4,bc (106); [2] P4b2(117)
II  [21Cmm235); [2]Aea2 (41); [21Bbe2 (Aea2, 41); [2]11ba2 (45); [2] Pbm?2 (a = ta) (Pma2, 28); [2] Pma2 (b’ = ib) (28)
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Pna?, C,,

No. 33 Pna?,
Pna?,

b

_._.+ ....... +.._.

Pbn2,
@
-
A\

Pc2.n

Originon 112,

Asymmetricunit 0<x<j; 0<y<i; 0<z<lI
Symmetry operations
(1)1 (2) 2(0,0,3) 0,0,z () a x1,2
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mm?2 Orthorhombic
Patterson symmetry Pmmm
Pn2.a
l'
4
E— e ——
10 1O
O+ O+
olt
+©
10 o)
O+ O+

4) n(0,5,5) i3z
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CONTINUED No. 33 Pna?2,

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

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry General:

4 a 1 () x,y,z 2 xy,2+3 (B)x+3,7+75,2 (4) X+3,y+75,2+3 Okl = k+1=2n
hOl : h=2n
h00: h=2n
0kO: k=2n
00l : I=2n

Symmetry of special projections

Along [001] p2gg Along [100] c1m1 Along [010] p11g

a=a b =b a=b b =c¢ a=c b’ = ia

Origin at 0,0,z Origin at x, 1,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I [2]1Plal(Pc,7)  1; 3
[2]Pnl11(Pc,7) 1; 4
21P112,(P2,,4) 1;2

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]Pna2, (a’ =3a)(33); [3] Pna2, (b’ =3b) (33); [3] Pra2, (¢ =3c)(33)

Minimal non-isomorphic supergroups

I [2]1 Pnna (52); [2] Pccn (56); [2] Pbcn (60); [2] Pnma (62)

II [21Ccm2, (Cmc2,,36); [21Ama?2 (40); [21 Bbe2 (Aea2, 41); [21Ima?2 (46); [2] Pca2, (b’ = ;b) (29);
[21Pnm2, (a' = ja) (Pmn2,,31); [2] Pba2 (¢’ = ;c) (32)
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Pnn?2 C,, i
nn o mm?2 Orthorhombic
NO. 34 Pnn 2 Patterson symmetry Pmmm
Pnn2 Pn2n
%
———— M —
O 4
| | T
< I I s
LR I I A 5 — —
I O I S PO
! |
———1— — -
P2nn
1
| f f f
! ! +O +O
| ! O+ O+
! |
I I
g | i O
> i i #0
i i
! | +O O
1 I O+ O+
Originon 112
Asymmetric unit 0<x<i; 0<y<i; 0<z<I1
Symmetry operations
(1 (2)2 0,0,z (3) n(3,0,5) x,1,2 @) n(0,7,1) 3.2
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CONTINUED No. 34 Pnn?

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 ¢ 1 () x,y,z (2) x5,z (B)x+3,7+752+3 (4 x+3,y+75,2+3 Okl = k+1=2n
hOl : h+1=2n
h00: h=2n
0kO: k=2n
00l : I=2n

Special: as above, plus

2 b 2 0,1,z 5,0,2+ 3 hkl : h+k+1=2n
2 a ..2 0,0,z 13,2+ 1 hkl : h+k+1=2n
Symmetry of special projections

Along [001] p2gg Along [100] c1m1 Along [010] ¢c11m

a=a b'=b a=Db b =c a=c b=a

Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I 2]1P1nl(Pc,7) 1;3
[21Pnl11(Pc,7) 1; 4
[21P112(P2,3) 1;2

IIa  none

IIb [2]1Fdd2(a =2a,b =2b,¢ =2c¢)(43)

Maximal isomorphic subgroups of lowest index
IIc [3]1Pnn2(a =3aorb =3b)(34); [3] Pnn2(c =3c)(34)

Minimal non-isomorphic supergroups
I [2] Pnnn (48); [2] Pnna (52); [2] Pnnm (58); [2] P4, nm (102); [2] P4nc (104); [2] P4n2 (118)

II  [2]Ccc2(37); [21Ama2 (40); [2] Bbm2 (Ama?2, 40); [2] Imm2 (44); [2] Pnc2 (a' = La) (30); [2] Pcn2 (b = ib) (Pnc2, 30);
[2]1 Pba2 (¢ = tc) (32)
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Cmm?2 C.,

No. 35 Cmm?2
Cmm?2
|%
. T ) T . -~
1 |
R i T
2 | | N 4
s ——0—— S -
) I | =<
R e e +
| | 4
——— -—
A2mm
I
+O
+©
£
(o]
=
Qq
+O
+©
oo b
Origin on mm?2
Asymmetric unit 0<x<i 0<y<i; 0<z<1
Symmetry operations
For (0,0,0)+ set
(H 1 (2) 2 0,0,z (3) m x,0,z (4) m 0,y,z
For (3,3,0)+ set
(1) 1(3,1,0) 22 4,12 () a x5,z @b i,yz
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Orthorhombic

Patterson symmetry Cmmm

mm?2
Bm2m

O +Q
O+ +©

+() ()+

+@® | O+
O+ +O
O+ O]

-

FN

O+
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CONTINUED No. 35 Cmm?2

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); ¢(3,3,0); (2); (3)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry (0,0,00+ (3,5,0)+ General:
8 f 1 (1) x,y,2 (2) %9,z (3) x, ¥,z (4) X,y,2 hkl : h+k=2n
Okl : k=2n
hOl : h=2n
hkO: h+k=2n
h00: h=2n
0kO: k=2n
Special: as above, plus
4 e m 0,y,z 0,9,z no extra conditions
4 d m x,0,z x,0,z no extra conditions
4 ¢ ..2 15,2 1,3.2 hkl : h=2n
2 b mm?2 0,1,z no extra conditions
2 a mm?2 0,0,z no extra conditions
Symmetry of special projections
Along [001] c2mm Along [100] p1m1 Along [010] p11m
a=a b'=b a=;b b =c a=c b = ia
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0
Maximal non-isomorphic subgroups
I [21C1m1(Cm,8) (1; 3)+
[2]Cm11(Cm, 8) (1; H+
[2]1C112(P2,3) (1; 2)+
IIa [2]Pba2(32) 1; 25 (3; 4)+(3,5,0)
[21Pbm2 (Pma2,28) 1; 3; (2; 4)+(3,3,0)
[2]1 Pma?2 (28) 1; 4; (25 3)+(4,3,0)
[2] Pmm?2 (25) 1; 2; 3; 4
IIb [2]1Ima2 (¢ =2¢) (46); [2]1Ibm2 (¢ = 2¢) (Ima2,46); [2]I1ba2 (¢ = 2¢) (45); [2] Imm2 (¢’ = 2¢) (44); [2] Ccc2 (¢ =2¢) (37);
[2]1Cmc2, (¢ =2¢)(36); [2] Ccm?2, (¢ =2¢) (Cmc2,, 36)

Maximal isomorphic subgroups of lowest index
IIc  [21Cmm2 (¢ =2¢) (35); [3]Cmm?2 (2’ = 3a or b’ = 3b) (35)

Minimal non-isomorphic supergroups

I [2] Cmmm (65); [21 Cmme (67); [2] P4mm (99); [2] P4bm (100); [2] P4,cm (101); [2] P4,nm (102); [2] P42m (111);
[2] P42, m (113); [3] P6mm (183)

I [21 Fmm2 (42); [2] Pmm?2 (a' = 3a,b’ = 1b) (25)
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36, pp. 240-241.

Cmc?2 C,. i
mec 4, v mm?2 Orthorhombic
No. 36 Cmc 21 Patterson symmetry Cmmm
Cmc2, I__‘ Bm2.b
|1 ‘
—r—4— - —~
~ [ | g i T
£ 3 3 v — —
S o o SR
’ ? _’_ ?__’ [ ———— T
i i - .
A2.am
1 1
|4 S L A (O
Fr T 1T i #O O+ O O+
bbbl #O [Or FO | O+
Lo 0
S : 1:0 | @+
s | - ;
a R MORN®)
B
R 1O | O+ 10 | O~
L1 1 1 | #© O #O O+
I
Origin on mc2,
Asymmetricunit 0<x<j; 0<y<i; 0<z<}
Symmetry operations
For (0,0,0)+ set
(H 1 (2) 2(0,0,3) 0,0,z 3) ¢ x,0,z @) m 0,y,z
For (4,4,0)+ set
(1 1(3,1,0) (2) 2(0,0,5) 3,1,z (3) n(5,0,5) x5,z @b iz
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CONTINUED

Generators selected (1); #(1,0,0); ¢(0,1,0); #(0,0,1); #(

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

8 b 1 ) x,y,z

4 a m.. 0,y,z

:5,0): (2); (3)

Coordinates
(07070)+ (%7%’0)+
2 %,9,2+3 (3) x,5,2+ 3
0,92+

Symmetry of special projections

Along [001] c2mm
a=a b'=b
Origin at 0,0,z

Along [100] p1g1
a=;b b =c

Origin at x,0,0

Maximal non-isomorphic subgroups

1 [2]C1c1(Cc,9)
[21Cm11(Cm,8)
[21C112,(P2,4)

IIa [2]Pbn2,(Pna2,33)
[21Pmn2, (31)
[21Pbc2, (Pca2, 29)
[2]1 Pmc2, (26)

IIb none

Maximal isomorphic subgroups of lowest index

IIc  [3]1Cmc2, (a =3a) (36); [3]1Cmc2, (b'=3b) (36); [31Cmc2, (¢ =3c) (36)

Minimal non-isomorphic supergroups

I [2]1Cmcem (63); [2]Cmce (64); [3] P6,cm (185); [3] P6,mc (186)
II [21 Fmm?2 (42); [2]1 Pmc2, (a' = ;a,b' = 1b) (26); [2]Cmm?2 (¢ = ;¢) (35)

241

No. 36

Cmc?2,

Reflection conditions

General:

hkl : h+k=2n
Okl : k=2n
hOL : h,1=2n
hkO : h+k=2n
h00: h=2n
0kO : k=2n
00l : [=2n

Special: no extra conditions

Along [010] p11m

1
a' = ;¢

1
b/iga

Origin at 0,y,0
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G,
2v

Ccc?

Ccc?

No. 37

Origin on cc2

Asymmetric unit

Ccc2
<

Symmetry operations

For (0,0,0)+ set

(I 1

For (3,3,0)+ set

(1) 1(5,3,0)

Copyright © 2006 International Union of Crystallography

A2aa
1 1 1
R S CH O
| ] | I 1
| | | I |
| | | | |
S | I | I |
‘§ | | | I |
B
| | | I |
| | | I |
l ] 1 1 ]
T
0<x<g 0<y<s; 0<z<lI
2) 2 0,0,z 3) ¢ x,0,z
22 552 (3) n(3,0,5) «x,
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A2aa

mm?2 Orthorhombic
Patterson symmetry Cmmm
Bb2b
1
4 G e cmm e e G S— — — — —
<l_ P ¢ e ¢ w— — ¢ G— — ¢ e+ w— —1 T
4 4
% e - T
+O 1 +O ®%+
%+® O+ %+® O+
+O %+
FO O
-0 o 0| o
%4»@ O+ %4»@ O+
@ ¢ 0,yz

) n(0,5,5) i,z
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CONTINUED No. 37 Ccc?

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); ¢(3,3,0); (2); (3)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry (0,0,00+ (3,5,0)+ General:
8 d 1 (1) x,y,z (2) %,y,z (3) x, 9,2+ 3 ) %,y,2+ 3 hkl : h+k="2n
Okl : k,0=2n
hOl : h,l=2n
hkO: h+k=2n
h00: h=2n
0kO: k=2n
00l : I=2n
Special: as above, plus
4 2 HiZ 1.2+ hkl @ k+1=2n
4 b ..2 0,3,z 0,35,2+3 hkl : 1 =2n
4 a ..2 0,0,z 0,0,z+3 hkl : 1=2n
Symmetry of special projections
Along [001] c2mm Along [100] p1m1 Along [010] p11m
a=a b=b a=:b b = jc a=3c b=3a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I [2]1Clcl(Cec,9) (1; 3)+
[2]1Cc11(Cc,9) (1; 4)+
[21C112(P2,3) (1; 2)+

Ila [2]Pnn2(34) 1; 2; (3; 4)+(4,4,0)
[2] Pnc2 (30) 15 3; (25 4)+(3,5,0)
[2] Pcn2(Pnc2,30) 1; 4; (2; 3)+(4,1,0)
[2] Pcc2 (27) 1;2;3; 4

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]Ccc2(a =3aorb =3b)(37);[3]Ccc2(c =3¢)(37)

Minimal non-isomorphic supergroups

I [2] Ccem (66); [2] Ccce (68); [2] P4cc (103); [2]1 PAnc (104); [2] P4, mc (105); [2] P4, be (106); [2] PA2¢ (112);
[2] P32, ¢ (114); [3] P6cc (184)

I [21 Fmm2 (42); [2] Pcc2 (a' = ja,b' = 3b) (27); [2] Cmm?2 (¢’ = j¢) (35)
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14
A mm 2 sz mm?2 Orthorhombic

No. 38 Amm?2 Patterson symmetry Ammm (Cmmm )
Amm?2 Am2m
1
———— fe -
: ¢ 4
Eo———— oo .
« : Q4 i
———— -~ ~r
i i
C2mm

2
‘@ [0~ +O Ok ~©] O

Cm2m

— e e e —— — — .  —

O @ +0| ok -0 o
© O+ @ O+ +© O+
Origin on mm?2
Asymmetric unit 0<x<43; 0<y<i; 0<z<3
Symmetry operations
For (0,0,0)+ set
(H 1 (2)2 0,0,z (3) m x,0,z 4 m 0,y,z
For (0, 3,3)+ set
(1) #(0,3,3) (2) 2(0,0,5) 0,5,z (3) ¢ x3,2 4) n(0,3,3) 0,5,z
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CONTINUED No. 38 Amm?2

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); £(0,3,3); (2); (3)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry (0,0,00+ (0,5,7)+ General:
8 f 1 (1) x,y,z (2) %,3,2 (3) x,3,2 (4) %,y,2 hkl : k+1=2n
Okl : k+1=2n
hOl : [ =2n
hkO: k=2n
0kO: k=2n
00/ : I=2n
Special: no extra conditions
4 e m.. 302 3,,2
4 d m.. 0,y,z 0,y,z
4 C .nm. x,O,Z -)Z?O?Z
2 b mm?2 1,0,z
2 a mm?2 0,0,z
Symmetry of special projections
Along [001] p2mm Along [100] c1m 1 Along [010] p11m
a=a b'=1b a=>b b'=c a=ic b'=a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0
Maximal non-isomorphic subgroups
I [21A1m1(Cm,8) (1; 3)+
[21Am11 (Pm, 6) (1; 4)+
[2]1A112(C2,5) (1; 2)+

IMa [2]Pnm2, (Pmn2,31) 1;3; (2; 4)+(0,1,3)
[2] Pnc2(30) 1525 (3, 4)+(0,5,5)
[2] Pmc2, (26) 1545 (2; 3)+(0,5,3)
[2]1 Pmm?2 (25) 1; 2; 3; 4

IIb [2]Ima?2 (a = 2a)(46); [2] Imm?2 (a' = 2a) (44); [2] Ama?2 (a’ = 2a) (40)

Maximal isomorphic subgroups of lowest index
Ic [2]Amm2(a = 2a)(38); [3]Amm2 (b’ = 3b) (38); [3] Amm?2 (¢’ = 3¢) (38)

Minimal non-isomorphic supergroups
I [2] Cmem (63); [2] Cmmm (65); [3] P6m?2 (187); [3] P62m (189)
I [2]1 Fmm2 (42); [2] Pmm2 (b = ib,¢ = 3¢) (25)
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15
A em 2 sz mm?2 Orthorhombic

No. 39 Aem?2 Patterson symmetry Ammm (Cmmm )
Former space-group symbol Abm?2; cf. Chapter 1.3

Aem?2 Ae2m

. ..... - . ..... $— . li_-

€0 .t c— e wm—— ¢ w—— ¢t s wmmte

- - e
1 1
3 3
Q g
2 - § ..... [ - § ..... () S - e -
Q PN
[ - ’ ..... [ - ’ ..... [ e b -
3 )

I

‘O QFFO O +Q Ok
10 [0 O [OFFO| O

O Q410 | O+ +O | O
L@ O+ -©@ OFF® O-

Cm2e
Pra— ————-————1
S e e e s — —— — — —
A b e e e —— —— ] —

Origin on ec2
Asymmetric unit 0<x<!l 0<y<i; 0<z<1

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

(1 1 (2) 2 0,0,z (3) m x4,z 4 b 0,yz
For (0,3, 3)+ set
(1) £(0,3,3) (2) 2(0,0,3) 0,5,z (3) ¢ x,0,z 4) ¢ 0,z
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CONTINUED

Generators selected (1); #(1,0,0); ¢(0,1,0); #(0,0,1);
Positions

Multiplicity, Coordinates

Wyckoff letter, .

Site symmetry (0,0,00+ (0,5,7)+

8 d 1 (D) x, 3,z (2) x5,z (B)x,y+1,2
4 ¢ .m. X, 1,2 X,3.2

4 b ..2 1,0,z 3,5,2

4 a ..2 0,0,z 0,3,z

Symmetry of special projections
Along [001] p2mm

a=a b = b

Origin at 0,0,z

Along [100] p1m1
a =;b
Origin at x,0,0

Maximal non-isomorphic subgroups

I [21A1m1(Cm,8) (1; 3)+
[21Aell(Pc,7) (1; 4)+
[21A112(C2,5) (1, 2)+

IMa [2]Pbc2 (Pca2,29) 1;4; (2 )+( D
[2]1Pbm2 (Pma2,28)  1; 2; 3;

[21Pcc2(27) 1; 2; (3; )+(0 g H
[21Pcm2, (Pmc2,26) 1; 3; (2; 4)+(0,1,1)
IIb [2]11bm2(a =2a) (Ima?2,46);[2]11ba2 (a =

Maximal isomorphic subgroups of lowest index

Ilc

Minimal non-isomorphic supergroups

I [2]Cmce (64); [2] Cmme (67)
I

[2]1 Fmm?2 (42); [21 Pmm2 (b' = ib,¢ = L) (25)

b = ic

247

1(0,3,3); (2); (3)

(4) X, y+3.2

[2]1Aem?2 (a' = 2a) (39); [3] Aem?2 (b = 3b) (39); [3] Aem2 (¢’ = 3¢) (39)

No. 39

Aem?2

Reflection conditions

General:

hkl
Okl :
hol :
hkO :
0kO :
00!

tk+1=2n

k,l =2n
l=2n
k=2n
k=2n

cl=2n

Special: as above, plus

no extra conditions

hkl -

hkl -

Along [010] p11m
a=1ic b =a
Origin at 0,y,0

2a) (45); [2] Aea2 (@' = 2a) (41)

k=2n

k=2n
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16 .
A ma 2 sz mm?2 Orthorhombic
No. 40 Ama? Patterson symmetry Ammm (Cmmm )
Ama? Am2a
—4——4— - ~T
RN 4 4
Sauunl
SIS N B S 4 v
L0 10
———— <= ~r
C2cm
L D R
r I +O O +O
| I O+ O+ O+
1 i
5 ! : o __|or o
3 | | O Fo] 0
i [
! | O 1O -0
I | O+ Oz O+
A N

Origin on 1a2

Asymmetric unit 0<x<i 0<y<i; 0<z<1

Symmetry operations

For (0,0,0)+ set

(H 1 (2) 2 0,0,z (3) a x0,z @ m 3,3z

For (0,7, 3)+ set

(1) t(Oa%a%) (2) 2(0303%) Ov%vz (3) n(%voaé) xa%az (4) n(07%7%) %7)’72
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

8 ¢ 1 ) x,y,z
4 b m.. Wz
4 a ..2 0,0,z

Coordinates

(0,0,0)4+ (0,3,3)+

(2 x5,z (B)x+3.5.2

Symmetry of special projections

Along [001] p2mg
a=a b’ =3b
Origin at 0,0,z

Along [100] c1m1
a=b b'=c
Origin at x,0,0

Maximal non-isomorphic subgroups

I [21A1al(Cc,9)
[21Am11 (Pm, 6)
[21A112(C2,5)
[2]1 Pnn2(34)
[2]1 Pna2, (33)
[2]1Pmn2, (31)
[21Pma?2 (28)

none

IIa

ITb

Maximal isomorphic subgroups of lowest index

Ilc

Minimal non-isomorphic supergroups
I [2] Cmem (63); [2] Ccem (66); [3] P6c2 (188); [3]1 P62c (190)
I [21Fmm2(42); [21 Pma2 (b = ib,¢ = L¢) (28); [21Amm2 (a' = ta) (38)

249

(1); #(1,0,0); £(0,1,0); £(0,0,1); #(0,3,3); (2); (3)

4 x+35,9z2

[3]Ama?2(a’ =3a) (40); [3] Ama2 (b’ = 3b) (40); [3]Ama2 (¢ = 3c) (40)

No. 40

Reflection conditions

General:

hkl : k+1=2n
Okl : k+1="2n
WOl : h,l=2n
hkO : k= 2n
h00: h=2n
0kO : k=2n
00l : [=2n

Special: as above, plus

no extra conditions

hkl : h=12n

Along [010] p11m
a =jc b = ia
Origin at 0,y,0

Ama?
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Aea? C,.

No. 41 Aea?

Former space-group symbol Aba?2; cf. Chapter 1.3

mm?2

Aea?

Orthorhombic

Patterson symmetry Ammm (Cmmm )

Aela
i I;
——0—4— -~ —
el : 4
|..._|._| _l._.! ©0 e 00— e .o e w—
| I I 1
[q\] ~
V V
E T T T T T g -
SR T e = 1 }
| | | | |
: :
C2ce
1
4
| I N
e | +O MO) +O
o I O+ Ol O+
| | |
o | I 1 |
S i i O} O+ O}
© | | | #*0O +© NO)
i | |
! | ! +O 1O +O
L I I O+ Oz O+
Origin on 112
Asymmetric unit 0<x<i; 0<y<i; 0<z<3
Symmetry operations
For (0,0,0)+ set
(1 (2)2 0,0,z () a x3.z2 @b iyz
For (0,3, 3)+ set
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

8 b 1 ) x,y,z

4 a ..2 0,0,z

(1); ¢

No.

(1,0,0); £(0,1,0); £(0,0,1); £(0,5,5); (2); (3)
Coordinates
(0,0,0)+ (0,3,5)+
(2) x,3,z (3) x+3,9+3,2 4 X+3,y+3,2

11
27259%

Symmetry of special projections

Along [001] p2mg
a=a b’ =3b
Origin at 0,0,z

Along [100] p1m1
a =3;b b =ic
Origin at x,0,0

Maximal non-isomorphic subgroups

I [2]Alal(Cc,9)
[2]Aell (Pc,T)
[2]A112(C2,5)

IIa [2]Pbn2,(Pna2,33)
[21Pba?2 (32)
[21Pcn2 (Pnc?2,30)
[2] Pca2, (29)

IIb none

Maximal isomorphic subgroups of lowest index
IIc [3]Aea2(a’ =3a)(41);[3]Aea2 (b =3b)(41);[3]Aea2 (¢ =3c)(41)

Minimal non-isomorphic supergroups
I [21Cmce (64);[2] Ccce (68)
I [21Fmm2(42); [21 Pma2 (b = ib,¢ = ¢) (28); [2]Aem?2 (a’ = ta) (39)

251

41

Aea?

Reflection conditions

General:

hkl : k+1="2n
Okl : k,l=2n
hOl : h,l=2n
hkO : k= 2n
h00: h=2n
0kO : k=2n
00/ : 1 =2n

Special: as above, plus

hkl : h+k=2n

Along [010] p11m

1
a' = ;¢

1
b/iga

Origin at 0,y,0
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Fmm?2
No. 42

18
2v

Fmm?2

D~ —

coammee

Fmm?2
o —o - —

Sl

— —

o — o — o O — @

- -

[N SR e s N

B

-— =
i
— —

Fm2m

o mm—. m— e m—t ¢ mmmm ¢ mm— e Gwm—

Origin on mm?2

Asymmetric unit 0<x<1;

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

11 2) 2 0,0,z

For (0,
(M «(

5,5)4+ set
For (3,0, 1)+ set

(1 1(3,0,3) (2) 2(0,0,5) 3,02

For (3,3,0)+ set

(1 1(5,3,0) @2 3

ENES
-

3,3) (2) 2(0,0,5) 0,3,z

- -
B

- -
B

3) m x,0,z

(3) c x1,z

(3) n(%707%) )C,O,Z

3)a xi1,z
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5:5211

f

F2mm
NS e e
bt

4

mm?2 Orthorhombic

Patterson symmetry F mmm

Fm2m

'

€0 Em— ¢ m— 0 e e G ¢ ¢ w— e e

{

'
i Bas Bhan Biam Bhan

{

i

@ O Ok +O @
O~ FO Ok O] O

0| @ 1O | Ok
Ok ~0 [0~ FO| OF

@+ 40| Q¥ +O| O
O~ +© OF O O

4) m 0,y,z

4) n(0,5,5) 0,y,2

@ c i,z

4) b iz
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CONTINUED

Generators selected

No. 42

(1); £(1,0,0); £(0,1,0); #(0,0,1); £(0,3,3); #(3,0,3); (2); (3)

Fmm?2

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry (0a0a0)+ (07%7%)+ (%707%)+ (%a%70)+ General'
16 e 1 1) x,y,z 2) x,9,z 3) x,9,z 4) x,v,z hkl : h+kh+1Lk+1=2n
Okl : k,l=2n
hOl : h,l=2n
hkQ : h,k=2n
h00: h=2n
0k0: k=2n
00! : 1=2n
Special: as above, plus
8 d m x,0,z x,0,z no extra conditions
8 ¢ m 0,y,z 0,y,z no extra conditions
8 b ..2 1,4,z 13z hkl © h=2n
4 a mm?2 0,0,z no extra conditions
Symmetry of special projections
Along [001] p2mm Along [100] p1m1 Along [010] p11m
a=1a b =1ib a=1b b = ic a=1ic b = ia
Origin at 0,0, z Origin at x,0,0 Origin at 0,y,0
Maximal non-isomorphic subgroups
I [21F1m1(Cm, 8) (1; 3)+
[21Fm11(Cm,38) (1; 4)+
[21F112(C2,5) (1; 2)+

IIa [2]Aea2(41) 1525 (15 2) +(0,3,3); (33 4)+(3,0,3); (3; 4)+(3,3,0)
[21 Bbe2 (Aea?2,41) 1525 (15 2) +(3,0,3); (33 4)+(0,3,3); (35 4)+(3,3,0)
[2]1Ama?2 (40) 1545 (1; 4)+(0,3,3); (25 3)+(3,0,3); (25 3)+(3,3,0)
[21Bbm2(Ama2,40)  1; 3; (1; 3) +(3,0,3); (25 4) +(0,3,3); (25 4)+(3,3,0)
[2]1Bme2(Aem?2,39) 15 4; (15 4)+(5,0,3); (25 3)+(0,3,3); (25 3) +(3,3,0)
[21Aem?2(39) 1535 (1 3) 4+ (0,5,5); (25 4)+(3,0,5); (25 4)+(5,1,0)
[2]Amm2 (38) 1;2; 3; 45 (15 25 3; 4) 4+ (0,3,3)
[21Bmm2(Amm2,38) 1;2; 3; 4; (1; 2; 3; 4)+(1,0,1)
[2]Ccc2(37) 1525 (13 2) + (3,5,0); (33 4)+(0,3,3); (3; 4)+(3,0,3)
[21Cem2,(Cmc2,,36) 15 3; (15 3) +(3,3,0); (25 4) +(0,5,3); (25 4)+(3,0,3)
[21Cmc2, (36) 1545 (1; 4) + (3,5,0); (25 3)+(0,3,3); (25 3)+(3,0,3)
[2]Cmm2 (35) 1; 25 3; 45 (15 2; 3; 4)+(5,5,0)

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]Fmm2(a =3aorb =3b)(42); [3] Fmm2 (¢ = 3c¢) (42)

Minimal non-isomorphic supergroups
I [2] Fmmm (69); [2] I14mm (107); [2] I4cm (108); [2]1142m (121)
II  [2]Pmm2(@ = la,b = ib,c¢ = lc)(25)

253
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F d d 2 C21v9 mm?2 Orthorhombic

No. 43 Fdd?2 Patterson symmetry F mmm
Fdd2 Fd2d
4 lé
00 T T
I—'-’.—i_._e-"—i—l 4 e ¢ <fn ¢ o a— o ¢ w— - — 4
090, <= -~
~ ]—I—-ﬁl——l—-d-i—| <~ 4 e ¢ ¢ ¢ — - ¢ — — - o 4
< NP
E’I’I’i’i. 8 T -1
l—e-"-i—._e-"—i—l 4 e ¢ < + o+ — P . prep— 4
i 090 <= ~7
|—i—.*i—.—i—.<-i—l 4 P - m— — [ pp— 4
———0—— - -
4 4
F2dd
(R I E N TR TR ¢
L
T T 1 «0 1O -0
bbb O 3l OF .| ©
b0 Oz O+
I I I (O
o A S S 3O +O 3O
= ' | . OIT O+ O%+
ot O3+ ol
S S B O B0
" O O -0
L1 1 1 O+ O3+ O+
N I R B
ETE 7 R F S 7 I
Originon 112
Asymmetric unit 0<x<t 0<y<i; 0<z<I1
Symmetry operations
For (0,0,0)+ set
(1 (2) 2 0,0,z (3) d(5,0,5) x5,z ) d(0,1,7) §xz
For (0,3,3)+ set
(1) 1(0,3,3) (2) 2(0,0,3) 0,1,z (3) d(3,0,3) x5,z 4) d(0,3,3) .3z
For (3,0, 3)+ set
(1) 1(5,0,3) (2) 2(0,0,3) 3,0,z (3) d(3,0,3) x5,z 4) d0,3,3) §»z
For (3,3,0)+ set
(1) t(3,3,0) (2) 2 4,12 (3) d(3,0,1) x3,z2 4) d(0,3,1) 3z
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CONTINUED

Generators selected

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry (0a0a0)+ (07%7%)+ (%707%)+ (%a%70)+

16 b 1 (1) x,y,z (2) x,3,z B)x+5,y+1,2+7
8 a 2 0,0,z b2t

Symmetry of special projections
Along [001] p2gg

a=1a b =1ib

Origin at 0,0,z

Along [100] c1m1
a =;b b = jc
Origin at x,0,0

Maximal non-isomorphic subgroups

I [21F1d1(Cc,9) (1; 3)+
21Fd11(Cc,9) (13 4)+
R1F112(C2,5) (1; 2)+

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc [3]Fdd2(a =3aorb =3b)(43); [3]Fdd2(c =3c)(43)

Minimal non-isomorphic supergroups

I [2] Fddd (70); [2]114,md (109); [2]14, cd (110); [2]132d (122)

Il  [2]Pnn2(@a =lta,b =1b,¢ = lc)(34)

(1); 1(1,0,0); £(0,1,0); £(0,0,1); £(0,3,3); #(

255

No. 43 Fdd?2

Reflection conditions

General:

4) X+ 1,y+ 1,2+ hkl © h+kh+1,k+1=2n
Okl : k+1=4n, k,l=2n
hOl : h+1=4n, h,l=2n
hkO : h,k=2n
h00: h=4n
0kO : k=4n
00l : I=4n

Special: as above, plus

hkl : h=2n+1
or h+k+1=4n

Along [010] c11m
a=1ic b = ia
Origin at 0,y,0
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Imm?2

20
C2v

mm?2 Orthorhombic
No. 44 Imm?2 Patterson symmetry Immm
Imm?2 Im2m
' T ' T ' - -
§—+—
N ! ' g i
2 A 5 — ~
= | |
_._? ______ ?_._ e - T
——— - —
2mm
Bponoroe
! ! O O+ O O+
! | +O | O+ +O | O+
! !
S | ' LO | O+
3 i | : :
S | I +© | O
i i
! | +O ok +O ®+
I | O O+ MORNOL
T
Origin on mm?2
Asymmetricunit 0<x<j; 0<y<3; 0<z<3
Symmetry operations
For (0,0,0)+ set
(H 1 (2)2 0,0,z (3) m x,0,z 4) m 0,yz
For (3,3,3)+ set
(D (3,1,1) (2) 2(0,0,3) 5,52 3) n(3,0,3) x,1,2 ) n(0,7,3) 53z
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CONTINUED No. 44 Imm?2

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); #(3,13,3); (2); (3)

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry (0,0,0)+ (5,5,3)+ General:

8 e 1 ) x,v,z 2) x,9,z 3) x,9,z 4) x,v,z hkl : h+k+1=2n
Okl : k+1=2n
hOl : h+1=2n
hkO: h+k=2n
h00: h=2n
0kO: k=2n
00/ : I=2n
Special: no extra conditions

4 d m.. 0,y,z 0,y,z

4 ¢ m x,0,z x,0,z

2 b mm?2 0,1,z

2 a mm?2 0,0,z

Symmetry of special projections

Along [001] c2mm Along [100] c1m1 Along [010] c11m
a=a b'=b a=>b b =c a=c b'=a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0
Maximal non-isomorphic subgroups
I [2111m1(Cm, 8) (1; 3)+

[21Im11(Cm, 8) (1; H+

[211112(C2,5) (1; 2)+
IMa [2]Pnn2(34) 1525 (3; 4) 4+ (5,3,3)

2] Pnm2, (Pmn2,31) 1; 3; (2; 4)+ (4,1, 1)

(21 Pmn2, (31) 1 4; (25 3)+(5,5,1)

[21 Pmm2 (25) 1; 2; 3; 4

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]1/mm2(a =3aorb’ =3b)(44); [3]1Imm?2 (¢ =3c) (44)

Minimal non-isomorphic supergroups
I 21 Immm (71); [21Imma (74); [2114mm (107); [2] 14, md (109); [2]I4m?2 (119)
II  [21Cmm2(c = ic)(35): [2]Amm?2 (a' = ta) (38); [2] Bmm2 (b = ib) (Amm2, 38)
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Iba?2 C.

No. 45

[ba?2
, ........ : ........ . ........ : ........ .
.
~ . | : |
5 . ........ ! ........ . ................ ‘
i _9_ __. _6__
| |

Sl— ||
—
—
Bl
.
o
o
—
-

[ [ 1
I I |
| | |
< | : | |
< | P |
Iy I
Py |
o |
L 1 ]
A
Origin on cc2
Asymmetric unit 0<x<i; 0<y<i; 0<z<
Symmetry operations
For (0,0,0)+ set
(1)1 )2 0,0,z
For (4,4, 1)+ set
(M t(3,3,3) (2) 2(0,0,5) i3,z
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(3)a x,i,z

3) ¢ x,0,z

mm?2 Orthorhombic
Patterson symmetry I mmm
[c2a
1
4
T -------------------------------------- T
= 4
‘l— -------------------------------------- —r
4 3
+O 1+ HOINOE
Q| O+ IMOJNO)
LO | O+
O | OF
+O | O3+ +Q | O
O O+ O O+
@) b 1,32
4 ¢ 0,3z
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

8 ¢ 1 ) x,y,z
4 b 2 0,1,z
4 a ..2 0,0,z

Coordinates

(0,0,0)+

(@) x5,z

Symmetry of special projections

Along [001] c2mm
a=a b'=b
Origin at 0,0,z

Along [100] p1m1
a=;b b = jc
Origin at x,0,0

Maximal non-isomorphic subgroups

1 [2]111al1(Cc,9)
[211b11(Cc,9)
[211112(C2,5)

IIa [2]Pba2(32)
[2]1 Pca2, (29)
[2]1Pbc2, (Pca2, 29)
[2] Pcc2 (27)

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]171ba2(a =3aorb =3b)(45);[3]11ba2 (¢ =3c)(45)

Minimal non-isomorphic supergroups
I [211bam (72); [211bca (73); [2114cm (108); [2]114, cd (110); [2] 14¢2 (120)
II  [21Cmm2(¢ = te)(35); [21Aem?2 (a’ = ta) (39); [2] Bme2 (b' = ib) (Aem?2, 39)

B)x+3,5+3.2

259

No. 45

(1); #(1,0,0); £(0,1,0); £(0,0,1); #(3,3,3); (2); (3)

(4) X+3,y+3.2

Iba?

Reflection conditions

General:

Wkl © h+k+1="2n
Okl : k,l=2n
hOl : h,l=2n
hkO : h+k=2n
h00: h=2n

0kO : k=2n

000 : 1 =2n

Special: as above, plus
hkl : 1=2n

hkl : 1 =2n

Along [010] p11m

1
a = ;¢

1
b/iga

Origin at 0,y,0
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Ima? C. i
mad v mm?2 Orthorhombic
NO. 46 1 ma2 Patterson symmetry Immm
Ima? | Im2a
%
._._3_._._._:_._. l O e —— - —
| : | : |
b ’ : § : T -
o~ | | | s ¢ 3
§ ?_._2_._?_._.5_._? é -— i ] —
L " 1 : 1 -
| ’ | ‘ | : !
._._:_._._._:_._. —— i —— - —
I2cm
N oe
T N B +O oRe)
I | O+ 0O oF
I |
I
; , | @+ $+0 oF
< , ' 20 OF +0
| |
| | +O Qi+ +O
| | O+ %+® O+
I
Origin on na?2
Asymmetric unit 0<x<i; 0<y<l; 0<Lz<!
Symmetry operations
For (0,0,0)+ set
(H 1 (2)2 0,0,z (3) a x,0,z @ m i3z
For (4,4, 1)+ set
(M t(3,3,3) (2) 2(0,0,3) 3,42 (3) ¢ x5,z ) n(0,3,3) 0,5,z
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

8 ¢ 1 ) x,y,z
4 b m.. Wz
4 a ..2 0,0,z

Coordinates

(0,0,0)+

(@) x5,z

Symmetry of special projections

Along [001] c2mm
a=a b'=b
Origin at §, 4,z

Maximal non-isomorphic subgroups

I [2]11al(Cc,9)
[2]1Im11(Cm,38)
[211112(C2,5)
[2]1Pna2, (33)
[2] Pnc2 (30)
[2]1Pma?2 (28)
[2]1 Pmc2, (26)

none

IIa

ITb

(15 3)+

() x+3,¥.2

Along [100] c1m1
a=b b'=c
Origin at x,0,0

Maximal isomorphic subgroups of lowest index

Ilc

Minimal non-isomorphic supergroups
I [211bam (72); 2] Imma (74)

IT

261

No.

(1); #(1,0,0); £(0,1,0); £(0,0,1); #(3,3,3); (2); (3)

4 x+35,9z2

[3]Ima?2 (a' =3a) (46); [3] Ima?2 (b’ = 3b) (46); [3]Ima?2 (¢' = 3c) (46)

[21Cmm2 (¢ = t¢) (35); [2]Amm2 (@' = ta) (38); [2] Bme2 (b' = ib) (Aem?2, 39)

46

Ima?

Reflection conditions

General:

hkl

ch+k+1=2n
0kl :
hol :
hkO :
h00 :
0k0 :
00! :

k+1=2n
h,l=2n
h+k=2n
h=2n
k=2n
l=2n

Special: as above, plus

no extra conditions

hkl : h=12n

Along [010] p11m
a = jc b = ja
Origin at 0,y,0
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1 :
Pmmm Dz;, mmm Orthorhombic
No. 47 P2 / m 2 / m?2 / m Patterson symmetry Pmmm
P% % % p222
| f f f | f f f
— 0 0 0 — —0 0 0 —
N}E ~IE
et e —
A a
— 9 0 0 — —9 0 0 —
! ! | ! ! !
prr2
l f f !
-~ o ° o - +(- -O+ +®— —(D+
+©-FO- 01>
SIS
9 0 0 —
Q,
“O--@- @@
-— ° ° ° — +@D- -D+ +@D- -—GD+
| ! |
Origin at centre (mmm)
Asymmetricunit 0<x<i; 0<y<ji; 0<z<}
Symmetry operations
(H 1 2) 2 0,0,z 3) 2 0,0 “4) 2 x,0,0
5)1 0,0,0 (6) m x,y,0 (7 m x,0,z 8) m 0,y,z

Maximal non-isomorphic subgroups (continued)
IIa none

IIb [2]1Pmma(a =2a)(51); [2]Pmam (a2’ =2a) (Pmma, 51); [2] Pmaa (a2’ = 2a) (Pccm, 49); [21 Pbmm (b’ = 2b) (Pmma, 51);
[21Pmmb (b’ =2b) (Pmma, 51); [2] Pbmb (b' =2b) (Pccm, 49); [2] Pcmm (¢’ = 2¢) (Pmma, 51);
[21Pmcm (¢ =2¢) (Pmma, 51); [2] Pccm (¢ = 2¢) (49); [2]1Aemm (b’ = 2b,¢ = 2¢) (Cmme, 67);
[21Ammm (b’ = 2b, ¢ =2¢) (Cmmm, 65); [2] Bmem (a' = 2a,¢’ = 2¢) (Cmme, 67); [2] Bmmm (8’ = 2a,¢ = 2¢) (Cmmm, 65);
[2]Cmme (&’ =2a,b’ = 2b) (67); [2]Cmmm (a' = 2a,b’ = 2b) (65); [2] Fmmm (a’ = 2a,b’ = 2b, ¢’ = 2¢) (69)

Maximal isomorphic subgroups of lowest index
IIc [2]Pmmm(a =2aorb =2borc =2¢)(47)

Minimal non-isomorphic supergroups

I [2] P4/mmm (123); [2] P4,/mmc (131); [3] Pm3 (200)

II [21Ammm (Cmmm, 65); [2] Bmmm (Cmmm, 65); [2] Cmmm (65); [2] Immm (71)

Copyright © 2006 International Union of Crystallography
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CONTINUED No. 47 Pmmm

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 o 1 (1) x,y,2 (2) x,y,z (3) %,z 4 x,9,7 no conditions
(5) x5,z (6) x,y,2 (M x, ¥,z (®) x,y,z
Special: no extra conditions
4z ..m XY 3 5,5 Xy X553
4 'y m x,5,0 x,9,0 x,5,0 x,9,0
4 x m X, 3,2 X,3,2 X,3,2 X,3,Z
4 w .m x,0,z x,0,z x,0,z x,0,z
4 v om 502 5,7,2 502 59,2
4 u m 0,y,z 0,y,z 0,y,z 0,y,z
2t mm?2 3:3,2 TR 174
2 s mm?2 5,0,z 3,0,2
2 r mm?2 0,1,z 0,1,7
2 g mm?2 0,0,z 0,0,z
2 p m2m B 5,4 L h mmm 1103
2 o m2m 15,0 1,%,0 1 ¢ mmm 0,3,5
2 n m2m 0,y,3 0,5, 5 1 f mmm 1,50
2 m m2m 0,y,0 0,7,0 1 e mmm 0,3,0
2 1 2mm X, 5,4 33 1 d mmm 10,1
2 k 2mm x, 1.0 x,1.0 1 ¢ mmm 0,0,1
2 j 2mm x,0,1 x,0,1 1 b mmm 1,0,0
2 i 2mm x,0,0 x,0,0 1 a mmm 0,0,0

Symmetry of special projections

Along [001] p2mm Along [100] p2mm Along [010] p2mm
a=a b'=b a=>b b'=c a=c b'=a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups
I [2] Pmm?2 (25) 1; 2
[21Pm2m (Pmm?2,25) 1

[21 P2mm (Pmm?2, 25) 1

[2]1 P222(16) 1
[21P112/m(P2/m,10) 1;
1

1

s

-lkUJl\)ul\)-lkw
DU D
(o BN o)W SN o Ol ]

[2]P12/m1(P2/m, 10)
[2] P2/m11(P2/m, 10)

(Continued on preceding page)
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D,
P2/n2/n2/n

Pnnn
No. 48

ORIGIN CHOICE 1

P22
1
| T T t
— I ' 1 ‘—
I S L
. | !
o | |
=0
i it
b ¢ e () ¢ — — w— O o ¢ e
! !
— iy
PrEE
1
| ! ! !
— | ' | ‘—
I I}
b ¢ s () ¢ c—t —— — O w—t e
! !
s | |
Ml N T e
I} I3
e ¢ e () s ¢ — —— o o— fo Y mmpaum—
| |
— 1
Origin at 222, at !, 1. ! from 1
Asymmetric unit 0<x<i; 0<y<i 0<z<l1
Symmetry operations
(1 (2) 2 0,0,z 3)2 0,y0
G 1 5,53 ©6) n(3,5,0) x,y3 (7) n(3,0,3) x,1,2

mmm Orthorhombic
Patterson symmetry Pmmm
pr22
1
| T T T
— T ' ] '—
SN L S (LI
= I !
e I
I - S i
] |
EEmEah
O O- QO
-O | O+ -O | O+
-0 | b
FO o
-0 |LO- Q| O-
-O O+ -O O+
“4) 2 x,0,0
®) n(0,5,3) 32

Minimal non-isomorphic supergroups
I [2]1 P4/nnc (126); [2] P4,/nnm (134); [3] Pn3 (201)

II 21 Immm (71); [21Amaa (Cccm, 66); [2] Bbmb (Cccm, 66); [2]1 Cccm (66); [2] Pncb (a' = 3a) (Pban, 50);

[2] Pcna (b = ib) (Pban, 50); [2] Pban (¢ = Le) (50)
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CONTINUED No. 48 Pnnn

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry General:

8 m 1 (Dxyz (@) %3,z (3) %,y,Z @) x5,z Okl = k+1=2n

) ¥tz 7452+ O x+ay+aits Datiytazts @ T+iy+iz+s A0 htl=2n

hkO: h+k=2n
h00: h=2n
0kO: k=2n
00l : I=2n

Special: as above, plus

4 1 2 0,3,z 0,3,z 50,243 50,243 hkl : h+k+1=2n

4 k 2 0,0,z 0,0,z 5,5,2+3 5 5,2+3 hkl : h+k+1=2n

4 2 55,0 £,5,0 0,5+ 13,3 0,y+3,3 hkl : h+k+1=2n

4 2 0,y,0 0,7,0 5,9+5,3 5Y+35,3 hkl © h+k+1=2n

4 h 2 x,0,4 x,0,4 x+1,1,0 x+1,4,0 hkl : h+k+1=2n

4 g 2 x,0,0 %,0,0 X+13,3,3 X+13i,3,3 hkl : h+k+1=2n

4 f 1 3,33 112 L It hkl © h+kh+1k+1=2n
4 e 1 11 3134 342 112 hkl : h+kh+1,k+1="2n
2 d 222 0,3,0 5,03 hkl : h+k+1=2n

2 ¢ 222 0,0,3 53,0 hkl : h+k+1=2n

2 b 222 5,0,0 0,4,3 hkl : h+k+1=2n

2 a 222 0,0,0 55,3 hkl : h+k+1=2n
Symmetry of special projections

Along [001] c2mm Along [100] c2mm Along [010] c2mm

a=a b'=b a=>b b'=c a=c b'=a

Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I [21 Pnn2 (34) 1; 2, 7;
[21Pn2n(Pnn2,34) 1; 3;
[21P2nn(Pnn2,34) 1

[21P222(16) 1

1
1
1

s s

s

BN AW

s

[21P112/n(P2/c, 13) ;
[21P12/n1(P2/c, 13)
[21P2/n11(P2/c, 13)

IIa none

IIb [2]Fddd(a =2a,b =2b,¢ = 2c)(70)

s

s

RAIAIS AN ARSAREA
SIS o NN S

’

’ s

Maximal isomorphic subgroups of lowest index
IIc  [3]Pnnn(a =3aorb =3borc =3c)(48)

(Continued on preceding page)
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2
Pnnn Dz;, mmm Orthorhombic
No. 48 P 2/11 2/11 2/11 Patterson symmetry Pmmm

ORIGIN CHOICE 2

222 222
P P
1 1 1 1
l K i I K H
[ Y ——— fo PRy p—— O Qe o o O o————
! l | 1 i i
I i | I I i
i ¢ i v i - ¢ i v i
4 o . 4 4 . . 4
N ! ] e l l
N c|) _______ e | e O ¢ —+ — — O e ¢ ¢ — — o
Q. . : Q. | | !
| | | | | |
i 0T i v P T
. - - . 4
[ S | S ! e | !
# " # "
222
Paan
l; Tl ?l
4 4
O o ¢ = — c— fo ]y ——— o
1 | I -© O+ -O
I | | O+ O O+
— e b
il | | i
Sis | S e ! O +O Or-
als | | | li*@ ®- %*@
-~ T -+
i ' I3 -® Ok -©
e [E— ] O- 10 O+
b b
4 4
Origin at 1 at nnn, at —1,—1 —1! from 222
Asymmetric unit 0<x<i; —1<y<i 0<z<l1
Symmetry operations
(H 1 22 3,52 (3) 2 &y 4 2 x1,1
(5) 1 OaOaO (6) n(%7%a ) -xayao (7) n(%a a%) )C,O,Z (8) n(0717%) 07}’,2

Maximal isomorphic subgroups of lowest index
IIc [3]Pnnn(a’ =3aorb’ =3borc =3c)(48)

Minimal non-isomorphic supergroups

I [21P4/nnc(126); [2] P4,/nnm (134); [3] Pn3 (201)

II 21 Immm (71); [21Amaa (Cccm, 66); [2] Bbmb (Cccm, 66); [2]1 Cccm (66); [2] Pncb (a' = 3a) (Pban, 50);
[2]1 Pcna (b’ = ib) (Pban, 50); [2] Pban (¢ = ic) (50)
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CONTINUED No. 48 Pnnn

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry General:

8 m 1 (1) x,y,z (@) x+35,5+35,2 3) x+3,07+; @) x,y+35,72+3 Okl : k+1=2n

(5) %,5,2 (6) x+5,y+15,2 (M x+35.5.2+3 (OFSESHES hOl = h+1=2n

hkO: h+k=2n
h00: h=2n
0kO: k=2n
00/ : I=2n

Special: as above, plus

4 1 2 hiz hiZts iz A hkl : h+k+1=2n

4 k 2 iz hilts iz A hkl : h+k+1=2n

4 j .2 Vi LY i LY+ hkl : h+k+1=2n

4 i 2. D3 LY+ 19,3 HYy+i,3 hkl : h+k+1=2n

4 h 2 X, i3 X+3.53 X34 X+3,5,% hkl : h+k+1=2n

4 2 X, 41 I+5,41 % 3,2 x+3,3,3 hkl : h+k+1=2n

4 f 1 0,0,0 510 1,0,1 0,1,1 hkl : h+k,h+1Lk+1=2n
4 e 1 . 0,0, 1 0,1,0 £,0,0 hkl : h+kh+1k+1=2n
2 d 222 i 353 hkl : h+k+1=2n

2 ¢ 222 a3 334 hkl : h+k+1=2n

2 b 222 LR 1,33 hkl : h+k+1=2n

2 a 222 i 333 hkl : h+k+1=2n
Symmetry of special projections

Along [001] ¢c2mm Along [100] ¢c2mm Along [010] c2mm

a=a b'=b a=>b b =c a=c b'=a

Origin at 1,4,z Origin at x, 1,1 Origin at 1,7y, ;

Maximal non-isomorphic subgroups
I [2]1 Pnn2(34) 1; 2; 7,
[2] Pn2n(Pnn2,34) 1; 3; 6;
[21P2nn(Pnn2,34) 1;
[21P222(16) 1;
1
1
1

il s
s

6
3
5.
5
5

s

[21P112/n(P2/c, 13)
[21P12/n1(P2/c, 13)
[21P2/n11(P2/c, 13)
IIa none
IIb [2]1Fddd(a =2a,b =2b,¢ =2¢)(70)

b

k)

[c BN e B e e o]

k)

(Continued on preceding page)
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3
Pccm D,
No. 49 P2/c2/c2/m
pr22
| H T H
- ° ................ ° ................ ° —-
4 s 4
~ s g
::: | ° ................ ° ................ ° -
S 4
T ° ................ ° ................ ° T
" H H
p222
[} [e] o
| | |
| | |
— ' '
e | | |
|8 L '!- :ID
e | | |
- | | |
— ' '
| | |
l I I
[e] o o
Origin at centre (2/m) at cc2/m
Asymmetric unit 0<x<i; 0<y<i; 0<z<4
Symmetry operations
(1)1 (2)2 0,0,z (3)2 0,3
)1 0,00 6) m x,y,0 (7) ¢ x,0,z

!

l

Orthorhombic

Patterson symmetry Pmmm

~
[SALS)
3|~
SIS

o

4) 2 x,0,;
®) ¢ 0,3z

-— o__.._.. —_—— _‘_...o —

-+ O——.——O— —‘——O —

-— o—-—-.——o——.—-—o —_

| !

+
|
-

—
+
+
I
[
|—

® @ ® O©
Do Q1D
3t -+ 3t3-| -+
O | oo
QO @ O O

-
-
|
1
+
N
N—
!

I
+

Maximal non-isomorphic subgroups (continued)
IIa none

IIb [2]Pcca(a =2a)(54); [21Pcnm (a’ = 2a) (Pmna, 53); [2] Pcna (a’ = 2a) (Pban, 50); [2] Pccb (b’ = 2b) (Pcca, 54);
[2] Prem (6 = 2b) (Pmna, 53); [2] Pneb (0 = 2b) (Pban, 50); [2] Ccce (a' = 2a,b' = 2b) (68); [2] Ccem (a’ = 2a,b’ = 2b) (66)

Maximal isomorphic subgroups of lowest index
IIc  [2]Pccm(a’ =2aorb

Minimal non-isomorphic supergroups
I [2] P4/mcc (124); [2] P4, /mcm (132)

2b) (49); [3] Pccm (¢’ = 3¢) (49)

II [21Cccm (66); [21Aemm (Cmme, 67); (2] Bmem (Cmme, 67); [2]Ibam (72); [2] Pmmm (¢’ = 3¢) (47)
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CONTINUED No. 49 Pccm

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8§ r 1 (1) x,y,z 2) x,y,z 3) %,y,7+3 4) x,y,7+ 3 Okl : I=2n
(5) %,5,2 (6) x,,2 (7 x.9,2+3 ®) Xy.2+3 hOL : 1 =2n
00l : I=2n

Special: as above, plus

4 g ..m x,,0 x,9,0 %y, XV, 4 no extra conditions
4 p ..2 5,0,z 50,243 5,0,Z 50,243 hkl : 1=2n
4 o ..2 0,1,z 0,35,7+1 0,17 0,2,z+1 hkl : 1 =2n
4 n ..2 5,4,z 51,2+ 3 55,2 1,2+ 3 hkl : 1 =2n
4 m 2 0,0,z 0,0,z2+3 0,0,z 0,0,z+3 hkl : 1=2n
4 1 .2 5Y 5,93 5,91 503 hkl : 1=2n
4 k .2 0,y, 1 0,7, 4 0,7,3 0,y,2 hkl © 1=2n
4 J 2 X303 %53 X503 X,5,3 hkl = 1=2n
4 i 2 x,0, ! %,0,! %,0,2 x,0, 2 Wkl : 1=2n
2 h 222 11l 113 Wkl : 1=2n
2 g 222 0,33 0,53 hkl = 1=2n
2 f 222 3,0,3 3,03 hkl = 1=2n
2 e 222 0,0,! 0,0,2 Wkl : 1=2n
2 d ..2/m 10,0 10, Wkl : 1=2n
2 ¢ ..2/m 0,1,0 0,11 Wkl : 1=2n
2 b ..2/m 110 111 hkl : 1=2n
2 a ..2/m 0,0,0 0,0, Wkl : 1=2n
Symmetry of special projections

Along [001] p2mm Along [100] p2mm Along [010] p2mm

a=a b'=b a=b b = ic a = jc b =a

Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I [21Pc2m (Pma?2,28) 1; 3; 6; 8
[21P2cm (Pma?2,28) 1; 4; 6; 7
[21Pcc2(27) 1; 2,7, 8
[2]1 P222(16) 1; 2; 3; 4
[21P12/c1(P2/c, 13) 1; 3; 5,7
[21P2/c11(P2/c, 13) 1; 4;5; 8
[2]P112/m@P2/m,10) 1;2;5; 6

(Continued on preceding page)

269



International Tables for Crystallography (2006). Vol. A, Space group 50, pp. 270-273.

Pban
No. 50

4
D,

ORIGIN CHOICE 1

F P32

~ 7

| |

e e O e e e s () e e

als I :
::-: ‘—. I . | —

I I
——L L

[ v

-— ’_._?I..._._._?l_._’ —

4 4
Nl El ) :
.4 .4
NI .—-—O—-—‘-—-—O—-—. —_—
SIS H H
Q. : :

i i

:4 24
-— ._._o_._._._o_._. —_—

| | |

Origin at 222 /n, at }, 1,0 from 1

Asymmetric unit 0<x<i; 0<y<i; 0<z<

Symmetry operations

(1) 1

(3) 2 0,0
5) 1

2)2 0,0,z
) (M a x3,2

1,0 (6) n(3,5,0) x,0

P2/b2/a2/n

mmm Orthorhombic
Patterson symmetry Pmmm
pilz
Ty
— ' ‘—

I 1 1!

A S SO 3y

! ! !

::ﬁ i i i
S — 0 ' ‘—

! ! 1!

} LS B eeereesnenanens 44

! ! !

i i i
RN
+O O- QO O-
-0 [0~ -0 O

zol fo%
Zol o
+O | O- +Q | O-
-0 O -0 O
) 2 x,0,0
®) b 1,32

Minimal non-isomorphic supergroups
I [2]1 P4/nbm (125); [2] P4,/nbc (133)

II [21Cmmm (65); [21Aeaa (Ccce, 68); [21 Bbeb (Ccce, 68); [21Ibam (72); [2] Pbmb (a' = 3a) (Pccm, 49);

[21 Pmaa (b = ib) (Pccm, 49)
Copyright © 2006 International Union of Crystallography
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CONTINUED No. 50 Pban

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry General:

8 m 1 (D xy.z2 2) %5,z () iz @) x,5,2 Okl : k=2n

) I+39+52  ©Oxtiy+sz Dx+bi+nz @) I+gny+iz k0L h=2n

hkO: h+k=2n
h00: h=2n
0kO: k=2n

Special: as above, plus

4 ] 2 0,1,z 0,1,7 1,0,Z 1,0,z hkl : h+k=2n
4 k 2 0,0,z 0,0,z 53,2 3,252 hkl : h4+k=2n
4 .2 0,y,3 0,75 5Y+ 5,3 5y+5,3 hkl : h+k=2n
4 2 0,y,0 0,7,0 5,9+3,0 5,y+3,0 hkl : h+k=2n
4 h 2 x,0,} x%,0,3 X+1i,3,1 x+1i.4,1 hkl : h+k=2n
4 g 2 x,0,0 %,0,0 x+3,3,0 x+3,3,0 hkl : h+k=2n
4 f 1 i3 eI T i3 hkl @ h,k=2n
4 e 1 540 3,20 240 43,0 hkl : h,k=12n
2 d 222 0,0, N hkl : h+k=2n
2 ¢ 222 50,3 0,4,3 hkl : h+k=2n
2 b 222 $,0,0 0,3,0 hkl : h+k=2n
2 a 222 0,0,0 4,50 hkl : h+k=2n
Symmetry of special projections

Along [001] ¢c2mm Along [100] p2mm Along [010] p2mm

a=a b =b a=j3b b =c a=c b = ia

Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I [21Pba2(32) 1; 2, 7;
[21Pb2n(Pnc2,30)
[2]P2an (Pnc2,30)
[2]1 P222(16)
[21P112/n(P2/c, 13)
[21P12/al(P2/c, 13)
[21P2/b11(P2/c, 13)

IIa  none

IIb [2]1Pnan(¢ =2¢)(Pnna,52); [21Pbnn (¢ =2¢) (Pnna, 52); [2] Pnnn (¢ = 2¢) (48)

s

s s

>

-kal\)u[\)-lkw
Q@D
(oI o) WN SN o O]

s

1
1
1.
1.
1
1

Maximal isomorphic subgroups of lowest index
IIc  [2]1Pban(c¢ =2¢)(50); [3]Pban(a =3aorb = 3b)(50)

(Continued on preceding page)
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4
P b an Dz;, mmm Orthorhombic
No. 50 P 2/b 2/61 2/11 Patterson symmetry Pmmm

ORIGIN CHOICE 2

3|0
NN

—_—
—_—
—
-
—_
Hl—
—_—
-

[0 Y, R ——e | Oeseecconasscsnnnas Qeesossccccsssnssas
| | l ' i 7
l l l ] ] []
— 0, -0 (] ‘—
i I i | e 4 | Pl
I T Y. GUNR o e !
N [o Y p—— o fe) ~ls ? ....<|) .................. ?
&~ | I l a i i i
—l e by = - ‘ ) —
| I I % ] ] ] %
| | | i i i
[ Y . U —— Ottesseccsccnancans Oeeseescsscccccasss 1)

-+
-
<
B—
-
N
-
-

~v
x|
o
ST

[y

T © o -6

O+ -O O+

xS S P O- -0 o-
W T ;'"‘ == N0 ©- -0
. . . —® ®+ —®

<%_ 6—--—.—--—6—-—.—-—6 _.41.. O+ -O O+

# "

Origin at T at ban, at —1,—1,0 from 222

Asymmetric unit 0<x<i; 0<y<I; O

IN
]
IN

[SIE

Symmetry operations

(3)2 0 4) 2 x50

(11 () 2 3,32
;5,0) x,y,0 (7 a x,0,z ®) b 0,z

(5) 1 0,0,0 (6) n(3

1
I
)

)
1
2

Minimal non-isomorphic supergroups

I [2]P4/nbm(125); [2] P4, /nbc (133)

II [21Cmmm (65); [21Aeaa (Ccce, 68); [21 Bbeb (Ccce, 68); [21Ibam (72); [2] Pbmb (a' = 3a) (Pccm, 49);
[21Pmaa (b = ib) (Pccm, 49)
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

8 m 1 (D x,y,z 2)x+13,5+13,2 3) x+13,3,2
(5) %,3,2 (6) x+3,y+73,2 (M x+1,5,2

4 1 2 1z i N iz

4 k 2 3% 34 3% 94 3z 33,2

4 j .2 Y7 »Y+ 1,1 9,3 1Y+ 11

4 2 y,0 iy+3,0 2.9,0 y+1,0

4 h 2 Xy 353 X+3,4:1 %33 X+3,351

4 g 2 x, 1,0 F+1,1,0 % 2,0 x+3,1,0

4 f 1 0,0,3 21311 30,3 0,3,3

4 e 1 0,0,0 1o 1,0,0 0,1,0

2 d 222 I b

2 ¢ 222 I i

2 b 222 310 120

2 a 222 1o 220

Symmetry of special projections
Along [001] c2mm

a=a b'=b

Origin at 1,4,z

Maximal non-isomorphic subgroups

I [21Pba?2(32) 1; 2; 7;
[21Pb2n(Pnc2,30) 1; 3; 6;
[2] P2an (Pnc2,30) 1; 4; 6;
[21P222(16) 1; 2; 3;
[2] P1 12/n(P2/c, 13) 1; 2; 5;
[21P12/al(P2/c,13) 1; 3; 5;
[21P2/b11(P2/c,13) 1; 4; 5;

IIa none

IIb

[c BN e N e clee]

Coordinates

Along [100] p2mm
a'=;b b =c
Origin at x,0,0

Maximal isomorphic subgroups of lowest index

Ilc

(Continued on preceding page)

[2] Pban (¢ = 2¢) (50); [3] Pban (a' = 3a or b’ = 3b) (50)

(1); ¢(1,0,0); ¢(0,1,0); £(0,0,1); (2); (3); (5)

273

No. 50

Reflection conditions

General:

Okl
hol :
hkO :
h00 :
0kO :

k=2n
h=2n
h+k=2n
h=2n
k=2n

) x,y+s.2
(8) X,y+3,2

Special: as above, plus
hkl : h+k=2n

hkl : h+k=2n

hkl © h+k=2n

hkl © h+k=2n

hkl : h+k=2n

hkl : h+k=2n

Wkl : h,k=2n

hkl : h,k=2n

hkl : h+k=2n

hkl : h+k=2n

hkl : h+k=2n

hkl : h+k=2n

Along [010] p2mm
a=c b =;a
Origin at 0,y,0

[2]Pnan (¢ =2¢)(Pnna,52); [2]Pbnn(c =2¢) (Pnna, 52); [2] Pnnn (¢ = 2c¢) (48)

Pban



International Tables for Crystallography (2006). Vol. A, Space group 51, pp. 274-275.

5 :
Pmma D2h mmm Orthorhombic
No. 51 P 21/m 2/m 2/& Patterson symmetry Pmmm
ph22 phl2
I I I I | | | f
- 0 o o —» ° ° °
| | | |
[ ' ' -— | t — —
e | EE ’ ’
i - o —_ N
Ly | B | |
' ‘' ' — t { —
| | | |
«— O ) o —» ° ° °
pr2a
R
-— § ................ § ................ 6 — O O- ® O-
+® O+ +0) O+
OIS T S— §— O | O 0 | O
s -0 [ -0 ©-
-© L O- -0 ] O-
e — s § — O O+ +© O+
i i I
Origin at centre (2/m) at 2,2/ma
Asymmetric unit 0<x<i; 0<y<i; 0<z<1
Symmetry operations
(H 1 2)2 1,0,z 3) 2 0,y0 4) 2(3,0,0) x,0,0
(5) 1 0,0,0 ©) a x,0 (7) m x,0,z ®) m 1,5,z
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CONTINUED No. 51

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Pmma

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 I 1 (D) x,y,z (2) X+3,7.2 (3) x,y,2 ® x+3.5.2 hkO : h=2n

(5) %,5.2 (6) x+3,%2 (7) x5,z (8) T+3,32 h00: h=12n

Special: as above, plus

4 k m Lz 19,2 2.7 29,2 no extra conditions
4 m X,3.z X+1,3.z2 X1,z x+131,1.Z no extra conditions
4 i m x,0,z x+3,0,z x,0,7 x+13,0,Z no extra conditions
4 h o2 Ot LEL 03t byt Wkl : h=2n
4 g .2 0,0 5,9,0 0,y,0 5,,0 hkl : h=2n
2 f mm2 iz 3.4z no extra conditions
2 e mm?2 4,0,z 2.0,z no extra conditions
2 d 2/m. 0,4,1 5333 hkl : h=2n
2 ¢ 2/m. 0,0, 3 1,03 hkl : h=2n
2 b 2/m. 0,3,0 13,0 hkl : h=2n
2 a .2/m. 0,0,0 5,0,0 hkl : h=2n
Symmetry of special projections
Along [001] p2mm Along [100] p2mm Along [010] p2gm
a =;a b =b a=b b =c a=c b=a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I [21Pm2a(Pma?2,28) I;
[2]1 P2, ma (Pmc2,, 26) ;
[21 Pmm2 (25)
[2]1P2,22(P222,,17)
[21P112/a(P2/c, 13)
[21P2,/m11(P2,/m, 11)
[21P12/m1 (P2/m, 10)

IIa none

ST
U)-Jkl\)ul\)l\)-lkw
QUL LD D
N o0 N kOO

IIb [2]Pmmn® =2b)(59); [2]1 Pbma (b' =2b) (Pbcm, 57); [2] Pbmn (b’ = 2b) (Pmna, 53); [2] Pmca (¢’ = 2¢) (Pbcm, 57);

[21Pcma (¢ =2c¢)(Pbam, 55); [2] Pcca (¢ = 2c¢) (54); [2]Aema (b’ =2b,¢ = 2¢) (Cmce, 64);
[21Amma (b'=2b,¢’ = 2¢) (Cmcm, 63)

Maximal isomorphic subgroups of lowest index
IIc  [2]1Pmma (b =2b) (51); [21 Pmma (¢’ = 2¢) (51); [3] Pmma (a' = 3a) (51)

Minimal non-isomorphic supergroups
I none

II [21Amma (Cmcm, 63); [21 Bmmm (Cmmm, 65); [21 Cmme (67); [2] Imma (74); [2] Pmmm (2’ = 3a) (47)
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6 .
Pnna D2h mmm Orthorhombic
No. 52 P2/n2/n2/a Patterson symmetry Pmmm
1
222 222
ShH P11
| H t N b b
o‘—-—-i—o—o—t—i—c—cl) i— —————— o{ ——————— i
|
il BT B T e G N A
s VN AR B N S N !
T ] T | |
| |
rull S T B R ~ by
| i I | I
Ot ot s o O s o o ¢ o) O+ e ¢ e+ O ot o ¢ s o
i 1 1 "
P31
N ¥ b
o.........l ........ Oeseessce ! ........ o _@ ®%+ _@
| | O+ +-O O+
-~ ' |-
3 | I 3
Mo b dd O Os +O
o= | | ©- 0O O-
= i |
T Y VT © o1 -0
1
Oeesonene ! ........ Oreesssee l ........ 1) C)+ f—o O"'
" H "
Origin at Tonnla
Asymmetric unit 0<x<1; 0<y<i;, 0<z<H
Symmetry operations
(1) 1 2)2 0,z (3) 2(0,3,0) 3,53 4 2 x35,.3
(5) 1 0,0,0 ©) a x,0 (7 n(3,0,1) x4,z (8) n(0,1,3) 0.y,2
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CONTINUED No. 52 Pnna

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 e 1 (1) x,y,z (2) x+3,9,2 3)x+35,y+5,2+3 @) x,y+35,72+3 Okl : k+1=2n
(5) %,5,2 (6) x+1,5.2 (M x+5.5+3,2+3 (OFSESHES hOl = h+1=2n
hkO: h=2n
h00: h=2n
0kO: k=2n
00/ : I=2n

Special: as above, plus

4 d 2 X33 ¥+35,51 *33 X+5,1,3 hkl : h+1=2n

4 ¢ 2 1,0,z 55,243 3,0,Z 242+3 hkl : h+k+1=2n
4 b 1 0,0,1 10,1 110 0,%,0 hkl : hk+1="2n

4 a 1 0,0,0 1,0,0 1 0,14 hkl : hk+1=2n

Symmetry of special projections

Along [001] p2gm Along [100] c2mm Along [010] c2mm

a=1ia b'=b a=>b b=c a=c b=a

Origin at 0,0,z Origin at x,0,0 Origin at 3,7y, ;

Maximal non-isomorphic subgroups
I [2] Pnn2 (34) 1; 2
[2]1Pn2,a(Pna2,, 33) 1; 3
[21P2na(Pnc?2,30) 1; 4

[2] P22,2(P222,17) 1; 2;
1; 3

1; 2

1; 4

[e e B N

[21P12,/n1 (P2 /e, 14)
[21P112/a(P2/c, 13)
[21P2/n11(P2/c, 13)
IIa none
IIb none

Maximal isomorphic subgroups of lowest index
IIc [3]1Pnna(a =3a)(52);[3]1Pnna (b =3b)(52); [3] Pnna(c =3c)(52)

Minimal non-isomorphic supergroups
I none

II [21 Bbmm (Cmcm, 63); [2] Amaa (Cccm, 66); [2] Ccce (68); [2] Imma (74); [2] Pncm (a' = ia) (Pmna, 53);
[2]Pcna (b’ = ib) (Pban, 50); [2] Pbaa (¢ = ic) (Pcca, 54)
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Pmna D,

RIS

Q|
S|

o —b

Orthorhombic

Patterson symmetry Pmmm

- —® — 4+ —® —

mmm
No. 53 P2/m2/n2/a
pL22
mn a
1
[ f f f | f
o [} o] (o]
! ! ! :
i i i
ol ' ) - -— '
N 4 | ! 1 4 ~ls |
~lE 3 S 3 ~lE o 1
s ! ! ! ) 4
i i i a, |
4 ¢ 7 '
& & 8 o L
| [ I
S o0
S I i, 1
T ! | 7
o~ | | | g 1
i 0 0 0 i -
NQL: | | | 7+® 3
- ! ----------------- ! ................. ! —
| | I _ "
¢ ¢ ¢ © 0
i i It
Origin at centre (2/m) at 2/mn 1
Asymmetric unit 0<x<i; 0<y<l1; 0<z<!
Symmetry operations
(1)1 (2) 2(0,0,3) 1,0,z 3)2 iyi 4 2 x,0,0
(5) 1 0,0,0 6) a x,y,5 (7) n(3,0,3) x,0,z (8) m 0,y,z

Copyright © 2006 International Union of Crystallography 278


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o053/

CONTINUED

Generators selected

No. 53

(1); ¢(1,0,0); ¢(0,1,0); £(0,0,1); (2); (3); (5)

Pmna

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 i 1 (1) x, 3,z (2) x+3,5,24 (3 x+3,5,2+3 @ x5,z hOl = h+1=2n
(5) %,3.Z (6) x+1,5,243 (D x+1,92+5 (8) %3,z hkO: h=2n
h00: h=2n
00/ : I=2n
Special: as above, plus
4 h m 0,y,z 5,92+ 3 50,2+ 3 0,7,z no extra conditions
4 8 2 %aya% %75@% %7)77 Zayvi hkl : h=2n
4 f 2.. X, 3,0 X+3,3,3 x xX+1,5.3 hkl : h+1=2n
4 e 2.. x,0,0 X+3,0,3 x,0, x+3,0,3 hkl : h+1=2n
2 d 2/m.. 0,3,0 5033 hkl : h+1=2n
2 ¢ 2/m.. 1,1,0 0,3,1 hkl : h+1=2n
2 b 2/m.. 1,0,0 0,0, 3 hkl : h+1="2n
2 a 2/m.. 0,0,0 5,0,3 hkl © h+1=12n

Symmetry of special projections

Along [001] p2mm
a =j;a b =b
Origin at 0,0,z

Along [100] p2gm
a=>b
Origin at x,0,0

Maximal non-isomorphic subgroups

I [21Pmn2, (31)
[2] P2na(Pnc2,30)
[21Pm2a(Pma?2, 28)
[21P222,(17)
[21P112,/a(P2 /c, 14)
[21P12/n1(P2/c, 13)
[21P2/m11(P2/m, 10)

r——»—:—av—a;—.—A
-lkwl\)ul\)w-lk[\)
DAL w DN
[oBEN o)W Ao BN No o)

b =c

a=c
Origin at 0,y,0

Along [010] c2mm
b'=a

IIa none
IIb [21Pbna(b =2b)(Pbcn, 60); [2] Pmnn (b’ =2b) (Pnnm, 58); [2] Pbnn (b’ =2b) (Pnna, 52)
Maximal isomorphic subgroups of lowest index

Ilc [2]1Pmna(® =2b)(53); [3] Pmna (2’ = 3a)(53); [3] Pmna (¢ = 3¢) (53)

Minimal non-isomorphic supergroups
I none

II [21 Cmce (64); [2] Bmmm (Cmmm, 65); [2] Amaa (Cccm, 66); [2] Imma (74); [2) Pmaa (¢ = i¢) (Pccm, 49);
[21Pmcm (2’ = ia) (Pmma, 51)
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Pcca D5, mmm
No. 54 P 2/c2/c2/a

Orthorhombic

Patterson symmetry Pmmm

Pt}
[ [ [ [ | I I
- : - s
: i I I I
. ................ . ................ . - l.____+__.__._‘ —_—
ke SIS | I I
N - O fo) Qo —» s o . o} . o
SIS 1 1 ke I l I
g q Q
’ ................ . ................ . -— l____+____1 —
S 5 — !
4 4
I 4 I | |
Pead
1
[ w f B
cl) ----------------- ? ----------------- CI) _@ %— _@ O%_
' ' ' #O [Or O | O
— ' §—
e | | | | 1
alv | | N ! +O 2* +O *
L [ ! : 7O | ©O- O | O-
|
— ' §— 1 |
l ' I -© LOs- -® | O}
LS | S ! @ O+ O O+
" " ¥
Origin at 1 on 1 ca
Asymmetricunit 0<x<j; 0<y<3; 0<z<3
Symmetry operations
(1)1 )2 3,0z (3)2 0,33 4) 2(3,0,0) x,0,3
(5) 1 0,0,0 6) a x,,0 (7 ¢ x,0,z ®) ¢ 1,3z
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CONTINUED No. 54 Pcca

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 f 1 (1) x, 3,z (2) X+3,7.2 () %,y,2+3 B x+3,5,2+4; Okl = [ =2n
(5) %,5,2 (6) x+1,5.2 () x,5,2+3 (&) F+5,y,2+ 5 hOL : 1 =2n
hkQ: h=2n
h00: h=2n
00l : I=2n

Special: as above, plus

4 e 2 LR HENE HEN FENE hkl = 1 =2n
4 d 2 i>07z %70az+% %7072 iaoaz—’—% hkl : 1 =2n
4 C 2 O7y7i %7)_}7% 07)_}7% %7)}7% hkl: h+l:2n
4 b 1 0,,0 3,1,0 0,7,3 3,53 hkl = h,l=2n
4 a 1 0,0,0 1,0,0 0,0, 3 $,0,3 hkl @ h,l=2n
Symmetry of special projections
Along [001] p2mm Along [100] p2mm Along [010] p2gm
a=ja b’ =b a=b b = ic a=jc b =a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0
Maximal non-isomorphic subgroups
I [21Pc2a(Pba2, 32) 1; 3; 6; 8

[2]1 P2, ca(Pca2,,29) 1; 4; 6; 7

[21Pcc2(27) 1; 2; 7; 8

[21P2,22(P222,,17) 1; 2; 3; 4

[2]1P2,/c11(P2,/c,14) 1; 4; 5; 8

[2]P112/a(P2/c,13)  1;2;5; 6

[21P12/c1(P2/c, 13) 1; 3; 5,7

IIa none
IIb [2]1Pnca (b =2b)(Pbcn, 60); [2] Pccn (b’ = 2b) (56); [2] Pncn (b’ =2b) (Pnna, 52)

Maximal isomorphic subgroups of lowest index
IIc  [2]Pcca (B =2b)(54); [3] Pcca(a = 3a) (54); [3] Pcca (¢ =3¢) (54)

Minimal non-isomorphic supergroups
I none
II [21Aema (Cmce, 64); [21 Bmem (Cmme, 67); [2] Ccce (68); [21Ibca (73); [2] Pccm (a' = 1a) (49); [2] Pmma (¢ = i¢) (51)
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9 .
Pbam D2h mmm Orthorhombic
No. 55 P 21/b 21/a 2/m Patterson symmetry Pmmm
Py ZH
o I I
e | ° | ° - O > o —»
| | | | |
. - ’__T___T_ — » ? .................. ? .................. ’
‘:;:2 0 | ] | ¢ :_}; o ) o0 —»
iy | | 3 | I
- t__.t______r_ —_ ’ .................. ‘ .................. ’
0 ¢ 1 0 -— <|> | l —
| | i i i
Pity
v v
T ? 6 9 ? T +®- +CD_
—GD+ —€D+
Sle . -O+
:—:i T ‘ ’ T T -
+(D- +P-
T ’ o ’ T -D+ -+
! ! !
Origin at centre (2/m)
Asymmetricunit 0<x<}; 0<y<i; 0<z<!
Symmetry operations
(D1 (2) 2 0,0,z 3) 2(0,3,0) 3,0 4) 2(5,0,0) x,3,0
6)1 00,0 6) m x,y,0 (7 a x4,z ®) b 1,3z
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CONTINUED

Generators selected

No. 55

(1); ¢(1,0,0); ¢(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8 i 1 (1) x, 3,z (2) x5,z 3 x+3,y+3,2 B x+3,5+3,2
(5) x5,z (6) x,y,2 (M x+3,9+75,2 (®) X+3,y+ 71,2

4 h ..om X, 3 5,3 X+5y+15,3 X+ 35,5+ 5,3

4 g m x7y70 X7y70 ‘f+%7y+%’0 x+%7y+%70

4 f 2 07%’Z %7()7Z 07%72 %’07Z

4 € 2 0707Z %7%72 070’2 %7%7Z

2 d ..2/m 0,33 5,0,5

2 ¢ ..2/m 0,1,0 1,0,0

2 b ..2/m 0,0,5 333

2 a ..2/m 0,0,0 3, 3,0

Symmetry of special projections
Along [001] p2gg

a=a b'=b

Origin at 0,0,z

Maximal non-isomorphic subgroups

Along [100] p2mm
a=3b
Origin at x,0,0

b =c a=c

I [21Pba2(32)
[21 P2, m (Pmc2,,26)
[2]1 P2, am(Pmc2,, 26)
[2]1P2,2,2(18)
[21P12,/al (P2 /c, 14)

[21P2,/b11(P2,/c, 14)
[21P112/m (P2/m, 10)
IIa none

r——»—:—v—a;—.—a
SIS
LIIUILI]}IJO\O\\]
(@) Ne BN B e e ]

IIb [2]1Pnam (¢ =2¢)(Pnma, 62); [2]Pbnm (¢ =2¢) (Pnma, 62); [2] Pnnm (¢’ = 2¢) (58)

Maximal isomorphic subgroups of lowest index
IIc  [2]1Pbam (¢ =2¢)(55); [3]Pbam(a’ =3aorb’ = 3b)(55)

Minimal non-isomorphic supergroups
I [2]1 P4/mbm (127); [2] P4,/mbc (135)

Pbam

Reflection conditions

General:
Okl : k=2n
hol : h=2n

h00: h=2n
0k0: k=2n

Special: as above, plus

no extra conditions
no extra conditions
hkl : h+k=2n
hkl : h+k=2n
hkl : h+k=2n
hkl : h+k=2n
hkl : h+k=2n

hkl : h+k=2n

Along [010] p2mm
b =ja
Origin at 0,y,0

II [21Aeam (Cmce, 64); [2] Bbem (Cmce, 64); [2] Cmmm (65); [2] I bam (72); [2] Pbmm (a’ = a) (Pmma, 51);

[2] Pmam (b’ = ib) (Pmma, 51)
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Pccn
No. 56

[S]
S [N
3t

—
e
~|
2|
PN
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Dy,
P 2/c2/c2/n

bl- + ’)
i :
SIS 5
Slv g o o
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Q 4
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i

-
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O_T.__o__._{_.__o
—¢ 1 ¢ |
oo | |
N b im0 —
& | |
kN
S R EUS

—
-

OriginatTonlln

Asymmetric unit 0<x<i; 0<y<I;
Symmetry operations

(H 1 )2 5,52

(%) 1 0,0,0 (6) n(3,3,0) x,0

(3) 2<0a %,0) 0>ya %

[SIE

(7 ¢ x5,z
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CONTINUED No. 56 Pccn

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 e 1 () x,y,z () x+3,9+1,2 B Xy+1,2+; A x+35,9,2+; Okl : [ =2n
(5) %,5,2 (6) x+3,y+5,2 OESEEREE (8) X+1,y,2+3 hOl = 1 =2n
hkO: h+k=2n
h00: h=2n
0kO: k=2n
00/ : I=2n

Special: as above, plus

4 d 2 %,%,Z %,%,Z_‘i’% %,41,2 %,%,Z‘f’% hkl : 1 =2n

4 c 2 %,%,Z %,%,Z_‘i’% %,%,Z %,%,Z‘f’% hkl : 1 =2n

4 b 1 0,0, 5033 0,3,0 1,0,0 hkl : h+kh+1,k+1="2n
4 a 1 0,0,0 1,1,0 0,1, 1,01 hkl © h+kh+1Lk+1=2n
Symmetry of special projections

Along [001] c2mm Along [100] p2mg Along [010] p2gm

a=a b'=b a=>b b = ic a =ic b'=a

Origin at 1, 1,2 Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

| [21Pc2,n(Pna2, 33) 1; 3; 6; 8
[21P2,cn(Pna2,, 33) 1; 4; 6; 7
[2]1 Pcc2 (27) 1; 2; 7; 8
[21P2,2,2(18) 1:2; 3; 4
[2]P121/61(P2]/C, 14) 1; 3; 5,7
[21P2,/c11(P2,/c,14) 1; 4; 5; 8
21P112/n(P2/c,13)  1;2;5; 6

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]Pccn(a =3aorb =3b)(56); [3] Pccn (¢ = 3c) (56)

Minimal non-isomorphic supergroups
I [2] P4/ncc (130); [2] P4, /ncm (138)

II [21Aema (Cmce, 64); [2] Bmeb (Cmce, 64); [2] Cccm (66); [2] Ibam (72); [2] Pccb (a' = ia) (Pcca, 54);
[2] Pcca (B = 1b) (54); [2] Pmmn (¢ = L¢) (59)
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Pbcm
No. 57

Dy,

P2/b2/c2 /m

- O

Orthorhombic

Patterson symmetry Pmmm

1 ' H 1 z

KR e
Rl _— e e e e e e — I
N‘): 1 § : § : § 1 M
Q 4 : : 4 Q.
TR S
4 4
2,2,2
‘_., Poad%
' —
| |
. I | _
| |
g ' '
e . (e] . @]
a, | |
- | I _
| I
| I
' —o
Origin at Ton b12,
Asymmetric unit 0<x<i; 0<y<l; 0Lz
Symmetry operations
(1 (2) 2(0,0,3) 0,0,z (3) 2(0,3,0) 0,3
(5) 1 0,0,0 (6) m x,y,x (7 ¢ x4,z

Copyright © 2006 International Union of Crystallography

286

....... ’-o--ooco

- Qeccsccne ’ ........ Qeeecsees ‘ ........ ) —
- Qescccnes ’ ........ Qessessne ’ ........ Q ~——
b b b

1 1 1
2t P L
® ® @
%— + %+— %— +
1 1 1
2508 PP M
®
%—@2 12+- ’5—+
4 2 x,1,0
8) b 0,y,z


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o057/

CONTINUED

No. 57

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Pbcm

Reflection conditions

General:

Okl
hOl
0k0
00/

c k=2n
cl=2n
c k=2n
cl=2n

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8 e 1 () x,y,z () x,y,2+3 B xy+1,2+; @ xy+13,2
(5) x5,z (6) x,3,2+ 3 (D x,y+ 3,2+ (®) X,y +1,2

4 d .om x’y’% X’y?% X’y % % )_}Jr%’%

4 c 2 ‘x74l70 X?%?% f?% %7%

4 b 1 3,0,0 3,0,3 3,503 3,0

4 a 1 0,0,0 0,0, 3 0,35,3 1,0

)

Symmetry of special projections

Along [001] p2gm
a=a b'=b
Origin at 0,0,z

Maximal non-isomorphic subgroups

I [21Pbc2,(Pca2,29)
[21P2cm (Pma?2,?28)
[21PD2 m(Pmc2,, 26)
[2]1P22,2,(P2,2,2,18)
[21P12,/c1(P2,/c, 14)
[21P2/b11(P2/c, 13)
[21P112,/m(P2,/m, 11)

1, 2,7, 8
1; 4; 6; 7
1; 3, 6; 8
1; 2; 3; 4
1; 3; 5,7
1, 4, 5; 8
1; 2; 5; 6

Along [100] p2gm
a =;b
Origin at x,0,0

Special: as above, plus

no extra conditions
hkl : 1=2n
hkl : k0l =2n

Wkl : k,0=2n

Along [010] p2mm
b'=a
Origin at 0,y,0

IIa
IIb

none

[2] Pbnm (2’ =2a)(Pnma, 62); [2] Pbca (a' = 2a) (61); [2] Pbna (a’' = 2a) (Pbcn, 60)

Maximal isomorphic subgroups of lowest index
[21Pbcm (a' =2a) (57); [3] Pbcm (b’ =3b) (57); [3] Pbcm (¢ = 3¢) (57)

Ilc

Minimal non-isomorphic supergroups

I none

II [21Cmcem (63); [2]Bbem (Cmce, 64); [21Aemm (Cmme, 67); [21 Ibam (72); [2] Pmcm (b’ = ib) (Pmma, 51);
[21Pbmm (¢ = ic) (Pmma, 51)
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12 .
Pnnm D2h mmm Orthorhombic
No. 58 P 21/11 21/11 2/m Patterson symmetry Pmmm
P P
o I N t H
° l e I 0 -« O o —»
| |
" T _____ it . T P ’ .......... ‘ .....
2R T AT BRI B —
T _._._= _________ : _____ T N s B SRR
° ] ° 1 ° <«— © ) o —»
l li I l
pru2

o I T o - D-
| | -cD+ -D+
T Y YT "
&= I | 2(1§
~lE ¢ } l X
N;L: ! i GD
| L1
-~ ' |-
! | | ‘ +@- «@-
] i -D+ _®+
Origin at centre (2/m)
Asymmetricunit 0<x<j; 0<y<i; 0<z<}
Symmetry operations
(1)1 (2) 2 0,0,z (3) 2(0,3,0) .y (4) 2(4,0,0) x,4,4
) 1 0,00 (6) m x,y,0 (7 n(3,0,3) x4,z ®) n(0,3,3) .32
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CONTINUED

Generators selected

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8 h 1 () x,y,z (2) x5,z 3 x+3,y+5,2+3
(5) x5,z (6) x,y,2 (M x+3,9+5,2+3

4 g ..m x,,0 £75,0 Et+5y+3,3 x+3

4 f 2 07%7Z %7072—’_% 0a%>z %’O’Z"'

4 e .2 0707Z %a%72+% anaz %>%az+

2 d ..2/m 0,5,3 3,0,0

2 ¢ ..2/m 0,3,0 $,0,3

2 b . 2/m ana% %7%a0

2 a ..2/m 0,0,0 1i3,3

Symmetry of special projections
Along [001] p2gg

a=a b'=b

Origin at 0,0,z

Maximal non-isomorphic subgroups
I [21 Pnn2 (34) 1; 2;

7; 8
[21Pn2 m(Pmn2,31) 1; 3; 6; 8
[21P2,nm(Pmn2,,31) 1; 4; 6; 7
[2]1P2,2,2(18) 1;2; 3 4
[21P12,/n1(P2,/c,14) 15 3; 5,7
[2]P2]/n11(P21/C, 14) 1;4;5; 8
[2]P1 12/m(P2/m, 10) 1; 2; 5; 6
IIa none
IIb none

(1); ¢(1,0,0); ¢(0,1,0); £(0,0,1); (2); (3); (5)

Along [100] ¢2mm
a=b
Origin at x,0,0

b =c

Maximal isomorphic subgroups of lowest index
IIc  [3]1Pnnm(a =3aorb’ =3b)(58); [3] Pnnm(c =3c)(58)

Minimal non-isomorphic supergroups
I (2] P4/mnc (128); [2] P4,/mnm (136)

No. 58

A x+55+35,2+3
®) x+s5y+3,2+3

Along [010] c2mm
b’ =a

a=c

Pnnm

Reflection conditions

General:

Okl
hol :
h00 :
0kO0 :
00! :

k+1=2n
h—+1=2n
h=2n
k=2n
l=2n

Special: as above, plus

no extra conditions

hkl :
hkl :
hkl :
hkl :
hkl :

hkl -

Origin at 0,y,0

h+k+1=2n
h+k+1=2n
h+k+1=2n
h+k+1=2n
h+k+1=2n

h+k+1=2n

11 [21Amam (Cmcm, 63); [21 Bbmm (Cmcm, 63); [2] Cccm (66); [2] Immm (71); [2] Pncm (' = 1a) (Pmna, 53);
[2]1 Pcnm (b’ = ib) (Pmna, 53); [2] Pbam (¢’ = ic) (55)
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International Tables for Crystallography (2006). Vol. A, Space group 59, pp- 290-293.

No. 59 P2/m2/m2/n

ORIGIN CHOICE 1

Orthorhombic

Patterson symmetry Pmmm

N oo
. . . T T 1 —
| I 1
S A TR TRR
1R N ! ! !
w0 ' ' S ; + —
-4 ‘L 1 | I
— - | - |- TR T
! !
—— — ' i —
| | I I It
T T T 0 @ QO
* @ [O- 0 ] O+
N -O | O-
N|= - e ¢ s () e ¢ evnpens ¢ e ) cm— w— —_—
=T iy 016
1 +O ®+ +O ®+
-— _._gﬁ_._ —fed — Q@ O *© O
% )
! ! !
Origin at mm?2/n, at },+,0 from 1
Asymmetric unit 0<x<3 0<y<i; 0<z<3
Symmetry operations
(H1 (2) 2 0,0,z (3) 2(0,3,0) 3,50 4 2(3,0,0) x,5,0
G 1 14,0 (6) n(3,3,0) x,0 (7) m x,0,z ) m 0,y,z
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CONTINUED No. 59 Pmmn

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 8 1 (1)xayaz (2)37’)771 (3))?+%,y+%,z_ (4)X+%,}7+%,Z_ hkQ : h+k:2n
G F+35+352 ©Ox+iy+5z (Dxyz (®) %,y,2 h00 = h=2n
0kO: k=2n

Special: as above, plus

4 f .m x,0,z %,0,z i+1,3,2 x+13,3,2 no extra conditions
4 e m 0,y,2 0,y,z 5y+13,2 5,95+3,2 no extra conditions
4 d 1 B33 31 B3 N hkl = h,k=2n
4 ¢ 1 11,0 3320 1,3,0 2,10 hkl : h,k=2n
2 b mm?2 0,3,z 1,0,7 no extra conditions
2 a mm?2 0,0,z 13,z no extra conditions

Symmetry of special projections

Along [001] c2mm Along [100] p2mg Along [010] p2gm
a=a b'=b a=>b b'=c a=c b'=a
Origin at 0,0,z Origin at x, 1,0 Origin at },y,0

Maximal non-isomorphic subgroups

I [21Pm2,n(Pmn2,31) 1; 3; 6; 8
[2]1 P2, mn(Pmn2,,31) 1; 4; 6; 7
[21 Pmm?2 (25) 1; 2,7, 8
[21P2,2,2(18) 1; 2; 3; 4
[21P112/n(P2/c, 13) ;2,5 6
[21P12,/m1(P2,/m,11) 1; 3;5;7
[21P2,/m11(P2,/m, 11) 1; 4; 5; 8

IIa none
IIb [21Pcmn(¢ =2¢)(Pnma, 62); [21 Pmcn (¢ =2¢) (Pnma, 62); [21 Pccn (¢ = 2¢) (56)

Maximal isomorphic subgroups of lowest index
IIc  [21Pmmn (¢ =2¢)(59); [3] Pmmn (a’ = 3aorb’ = 3b) (59)

Minimal non-isomorphic supergroups
I (2] P4/nmm (129); (2] P4,/nmc (137)

11 [21Amma (Cmcm, 63); [21 Bmmb (Cmcm, 63); [2] Cmmm (65); [21 Immm (71); [2] Pmmb (a' = 3a) (Pmma, 51);
[2]1 Pmma (b’ = ib) (51)
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13 .
Pmmn " mmm Orthorhombic
No. 59 P 21/m 21/m 2/1’l Patterson symmetry Pmmm

ORIGIN CHOICE 2

N T
R 4
o= ' ! cGlETiL : 1;_;
I N S
Q |

1 T 4T
-0 ° 0 — § § §
R L

~
3|
Rl
3|

—_
B

T T -0 O- -©
O+ +© O+
INH
NS o §_ __._§_._... _§ — o+ +O O+
s -0 OREE®)
-0 O- -0
- §_._L._§_._..._§ — O+ +O O+
i 1
Origin at T at 2,2, n, at —1, — 4,0 from mm?2
Asymmetric unit 0<x<y; —1<y<i 0<z<I1
Symmetry operations
(1 2) 2 31,52 (3) 2(0,5,0) 0,y,0 “4) 2(5,0,0) x,0,0
(%) 1 0,0,0 6) n(5,5,0) x,0 (T m x,3,z ®) m 3,3z
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CONTINUED No. 59 Pmmn

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8§ ¢ 1 () x,y,z (2) x+3,9+1,2 B3 xy+1,2 4 x+35,7.2 hkO : h+k=2n
(5) %,5.2 (6) x+3,y+3.2 (M x,3+5,2 (&) F+5,2 h00: h=2n
0kO: k=2n

Special: as above, plus

4 f .m X, 3,2 X+3,5.2 %3,Z x+13,3,2 no extra conditions
4 e m 1.2 Ly+iz 2y+1,2 29,z no extra conditions
4 4 1 0,0,! L1 0,1,1 10,1 Wkl : Bk =2n
4 ¢ 1 0,0,0 110 0,1,0 10,0 il huk=2n
2 b mm?2 3.z 20z no extra conditions
2 a mm?2 iz 2,37 no extra conditions

Symmetry of special projections

Along [001] c2mm Along [100] p2mg Along [010] p2gm
a=a b'=b a=>b b'=c a=c b'=a
Origin at 1,4,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

I [21Pm2,n(Pmn2,31) 1; 3; 6; 8
[2]1 P2, mn(Pmn2,,31) 1; 4; 6; 7
[21 Pmm?2 (25) 1; 2,7, 8
[21P2,2,2(18) 1; 2; 3; 4
[21P112/n(P2/c, 13) ;2,5 6
[21P12,/m1(P2,/m,11) 1; 3;5;7
[21P2,/m11(P2,/m, 11) 1; 4; 5; 8

IIa none
IIb [21Pcmn(¢ =2¢)(Pnma, 62); [21 Pmcn (¢ =2¢) (Pnma, 62); [21 Pccn (¢ = 2¢) (56)

Maximal isomorphic subgroups of lowest index
IIc  [21Pmmn (¢ =2¢)(59); [3] Pmmn (a’ = 3aorb’ = 3b) (59)

Minimal non-isomorphic supergroups
I (2] P4/nmm (129); (2] P4,/nmc (137)

11 [21Amma (Cmcm, 63); [21 Bmmb (Cmcm, 63); [2] Cmmm (65); [21 Immm (71); [2] Pmmb (a' = 3a) (Pmma, 51);
[2]1 Pmma (b’ = ib) (51)
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International Tables for Crystallography (2006). Vol. A, Space group 60, pp. 294-295.

14
P b cn D2h mmm Orthorhombic
No. 60 P2/b2/c2 /n

Patterson symmetry Pmmm

2,22, 2,22
P Peas
Moo [
-9 0 ? T o . ‘ o
4 4 | |
__§____.§__ e s foverernenennenens — —
s c\j_]% 4 I i 3
S ¢ S I B
Q 4 4 -9 | |
— e () c— — — ) — — - |eecccscae | ................... I ......... —
‘ ‘ % | | ‘
Ci— O O o T [e] . (e} . (o]
a
| | I o i
2,22
PRZY
| I p
3 ® Ok ® Ok
I|_ _L _: O | O+ #O | O+
- — S— ¢ . ¢ — — —_—
| | |
s 1
- | | | +O | O+
= o ’ o) ’ o - T
we I : : Q| O3
- |— ..... + ..... _{ —_—
-0 1 -® 1
l I = 1—+® Oi l+® O+
bty | |
l l
OriginatTonlcl
Asymmetric unit 0<x<i; 0<y<i; 0<z<4
Symmetry operations
(H 1 () 2(0,0,3) 3,42 (3)2 0,33 “4) 2(5,0,0) x,3,0
(5) 1 0,0,0 6) n(3,3,0) x,y,1 (7) ¢ x,0,z ®) b i)z
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates

Wyckoff letter,
Site symmetry

8 d 1 (D x,y,z (2) x+5.5+3,2+3 (3) xy,2+3
) x,3,2 6) x+35,y+3,2+3 (M) x,y,2+5

4 c '2' ana% %’y+%7% 0’)77% %7y+%7%

4 b 1 0,5,0 3,0,3 0,53 3,0,0

4 a i 0’0’0 %’%7% 0’0’% %7%70

Symmetry of special projections
Along [001] c2mm

a=a b'=b

Origin at 0,0,z

Maximal non-isomorphic subgroups
I [21P2,cn(Pna2,, 33) 1; 4;
[2]1 Pb2n (Pnc2, 30) 1

[2] Pbc2, (Pca2,, 29) 1;
[2]1P2,22,(P2,2,2,18) 1;

1

1

1

>

21P112,/n (P2 /c, 14)
[21P2,/b11(P2,/c, 14)
[21P12/c1(P2/c, 13)
IIa none
IIb none

RPN ®

DAL DD

s

Along [100] p2gm
a=1b b =c
Origin at x,0,0

~N o0 QN 00

Maximal isomorphic subgroups of lowest index

Ilc  [3]1Pbcn(a = 3a) (60); [3] Pben (b = 3b) (60); [3] Pben (¢ = 3c) (60)

Minimal non-isomorphic supergroups
I none

No. 60 Pbcn

Reflection conditions

General:

@ x+3,5+3,2 Okl : k=2n
@) F+iy+5z A0l I=2n

hkO: h+k=2n
h00: h=2n
0kO: k=2n
00l : I=2n

Special: as above, plus
hkl : h+k=2n
hkl : h+k,l=2n

hkl : h+k,l=2n

Along [010] p2gm
a =ic b =a
Origin at 0,y,0

II [21Cmcm (63); [2]Aema (Cmce, 64); [21 Bbeb (Ccce, 68); [2]1Ibam (72); [2] Pbmn (¢' = i¢) (Pmna, 53);
[2] Pbeb (a' = La) (Pcca, 54); [2] Pmca (b = 'b) (Pbem, 57)
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International Tables for Crystallography (2006). Vol. A, Space group 61, pp. 296-297.

15
P b cdad D2h mmm Orthorhombic
No. 61 P 21/b 21/6' 21/a Patterson symmetry Pmmm

i
—_—
—_—
i
—_—
Sl—
!
s S
<
—_—
Sl

T ey
i | | |
9___§___§ e - Joeeeeenes —
] | iy : '
:_}: ‘%— T o T —_.l: :;if C ? o ? 5
9---9---’ SUR ! ................... l ......... —_—
1 o b N S S
‘ | | ‘ s Is i
3y

—4 ¢ -0 Ok -@
: : O+ %-&@ C)+
RS 7 ° CLERS oF
&, | |
........ : : —_ ® - O%‘ -® o
| ’ . ’ ! O+ 3+

-
=

Origin at 1
Asymmetric unit 0<x<i; 0<y<i; 0<z<d

Symmetry operations

(H 1 (2) 2(0,0,3) 1,0,z (3) 2(0,5,0) 0,y,5 4 2(3,0,0) x,3,0
(5) 1 0,0,0 6) a x,y,; (7 ¢ x1,2 ® b 1,z
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

8 ¢ 1 Mxyz  @QFFLF+E Q) Ey+ii+d
(5) %,9.2 (6) x+1,y,2+14 (7) x5+ 4,2+

4 b 1 0,0, 3 10,0 0,%,0 111

4 a 1 0,0,0 10,4 0,11 110

Symmetry of special projections

Along [001] p2gm Along [100] p2gm
a=ja b’ =b a=;b b =c
Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups

I [21Pbc2, (Pca2,, 29) 1;
[21Pb2,a(Pca2,, 29) 1;
[2]1P2,ca(Pca2,, 29) 1;
[21P2,2,2,(19) 1;

1;
1;
1;

>

-lkL»Jl\)“l\)-lkL»Jl\)
PRTR YRR =
OB J00

bl

[21P112,/a (P2 /c, 14)
[21P12,/c1(P2,/c, 14)
[21P2,/b11(P2,/c, 14)
IIa none
IIb none

>

s

> 7

Maximal isomorphic subgroups of lowest index
IIc  [3]Pbca(a =3aorb =3borc =3¢)(61)

Minimal non-isomorphic supergroups
I [31Pa3 (205)

No. 61 Pbca

Reflection conditions

General:

@ x+3,5+3,2 Okl : k=2n
(&) ¥+1,y+1.2 hOL = 1=2n
hkQ: h=2n
hOO: h=2n
0k0: k=2n
00l : [=2n

Special: as above, plus
hkl © h+k,h+1,k+1=2n

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

Along [010] p2gm
a=;c b =a
Origin at 0,y,0

II [21Aema (Cmce, 64); [21 Bbem (Cmce, 64); [2]1Cmce (64); [21Ibca (73); [21 Pbcm (2’ = 1a) (57);

[2] Pmca (b = ib) (Pbem, 57); [2] Pbma (¢ = L¢) (Pbem, 57)
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International Tables for Crystallography (2006). Vol. A, Space group 62, pp. 298-299.

Pnma
No. 62

1

N

r

2,
P

Originat Ton 121
Asymmetric unit

Symmetry operations

(1) 1
)1 0,0,0

f

f

o—\@—O0— @ —0

16
Dy,

P2/n2/m2/a

—
l—

oO—\@&—O0—@»—0

........ ”
........ ”

(2) 2(0,0,3) 1,0,z
6) a x,y,1

-

|

|

|

(3) 2(0,5,0) 0,0

(7)y m x,1,2
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CONTINUED No. 62 Pnma

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 d 1 (D) x,y,z (2) x+3,5,2+ () %y+3.2 B x+3,5+5,2+3 Okl = k+1=2n
(5) %,5,2 (6) x+1,y.2+} (N x,3+1.2 @) X+ y+5,2+;5 hkQ: h=2n
h00: h=2n
0kO: k=2n
00l : I=2n

Special: as above, plus

4 ¢ .m X, 3,2 X+13,z+1 x,3,Z X+ 5.7+1 no extra conditions
4 b 1 0,0,3 3,0,0 0,3,3 1,1,0 hkl @ h+1,k=2n
4 a T 07070 %aoa% 07%a0 %a%>% hkl - h+l,k:2n
Symmetry of special projections

Along [001] p2gm Along [100] ¢c2mm Along [010] p2gg

a=ja b’ =b a=b b =c a=c b =a

Origin at 0,0,z Origin at x, 1, Origin at 0,y,0

Maximal non-isomorphic subgroups

I [21Pn2,a(Pna2,,33) 1; 3; 6; 8
[2]Pnm2 (Pmn2,31) 1; 2; 7; 8
[21P2 ma(Pmc2,,26) 1; 4, 6; 7
[21P2,2,2, (19) 1; 2; 3; 4
21P112,/a(P2 /c,14) 1;2;5; 6
[21P2,/n11(P2 /c, 14) 1; 4,5, 8
21P12,/m1 (P2, /m,11) 1;3;5; 7

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3] Pnma(a’ = 3a)(62); [3] Pnma (b’ = 3b) (62); [3] Pnma (¢ = 3¢) (62)

Minimal non-isomorphic supergroups
I none

I [21Amma (Cmcm, 63); [21 Bbmm (Cmcm, 63); [2] Ccme (Cmce, 64); [2]1 Imma (74); [21 Pcma (b’ = ib) (Pbam, 55);
[21Pbma (¢ = i¢) (Pbcm, 57); [2] Pnmm (2’ = 3a) (Pmmn, 59)
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International Tables for Crystallography (2006). Vol. A, Space group 63, pp. 300-301.

17
Cmcm D2h mmm Orthorhombic
No. 63 C 2/7’7’1 2/C 21/7]’1 Patterson symmetry Cmmm

Chem B s
1 1 1 1 |
i i bi b M
S N A I } ! +
‘l_— T 6 T T - O ? o ? 0 —=
1 : |
T— ——§——§——§—— T ‘l_— (l- ....... ’ ........ ? ........ ’ ------- -l() -T
<ls 4 I : I i NI [ 4 [ 4 ¢
BE o i ——0 G i —
R s < | |
T §——§——§——§—— —_— 41— Ol. ....... ’ ........ (l) ........ ’ ....... i) ——l—
i 1 : 1 3 4 4 | 3 | 3 4
T3 -
AR b i {
1 1 1
b g f - -
3t - 3= * Vil i
bttt ® ‘® b ‘®
S D19 D 1,9,
el f ] 1 1 =7 N PP
4 H : 4 1 1
~iE A PRl g
NS 0 §1 0 §1 0 ® D
~lo 4 4 IGD 1@
< 0
L l ] 1]
‘:'4- I T I T 1 _’T l+_ l_+ l+_l_+
B olo 0fo
0—o6—0—6—+¢ %gD_ %§D+ %gD_ %§D+
T
Origin at centre (2/m) at 2/mc?2,
Asymmetricunit 0<x<j; 0<y<3; 0<z<;
Symmetry operations
For (0,0,0)+ set
(H 1 (2) 2(0,0,3) 0,0,z (3)2 0,3 4 2 x,0,0
(5) 1 0,0,0 (6) m x,y, 3 (M ¢ x0,z (8) m 0,y,z
For (3,1,0)+ set
(1) 1(3,5,0) (2) 2(0,0,3) 3,1,z (3) 2(0,5,0) 1,33 4 2(3,0,0) x,3,0
&1 1,50 ©6) n(3,7,0) x,y1 (7) n(3,0,3) x,4,2 ®) b i)z
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CONTINUED

Generators selected

No. 63

(1); £(1,0,0); ¢(0,1,0); ¢(0,0,1); ¢(3,3,0); (2); (3); (5)

Cmcm

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, .
Site symmetry (0,0,00+ (3,5,0)+ General:
16 h 1 (1) x,y.2 2) %52+ 1 OESTE @) x,3.2 Rkl : h+k=2n
(5) %,5,2 (6) x,,2+ 1 () x,5,2+3 (8) %3,z Okl : ke =2n
hOl : h,l=2n
hkO: h+k=2n
h00: h=2n
0kO: k=2n
00l : [=2n
Special: as above, plus
8 m XY, 5 %y, 3 %y, 5 x,¥,3 no extra conditions
8 f m.. 0,y,z 0,9,2+3 0,y,7+ 1 0,9,z no extra conditions
8 e 2 x,0,0 x,0,1 x,0,0 x,0, % hkl : 1 =2n
8 d 1 11,0 HEN iz 11,0 hkl : k,l=2n
4 ¢ m2m 0,1 0,,3 no extra conditions
4 b 2/m.. 0,1,0 0,11 hkl : 1 =2n
4 a 2/m.. 0,0,0 0,0, hkl : 1 =2n

Symmetry of special projections

Along [001] c2mm Along [100] p2gm
a—=a b'=b a=1 b =c
Origin at 0,0,z Origin at x,0,0

Along [010] p2mm
a=jc b = ia
Origin at 0,y,0

Maximal non-isomorphic subgroups
I [21C2cm (Ama2, 40) (1;

D45 6; 7)+
[21Cm2m (Amm?2,38) (1; 3; 6; 8)+
[2]1Cmc2,(36) (1; 25 7; 8)+
[21C222, (20) (1; 2; 3; 4)+
[21C12/c1(C2/c, 15) (1; 3; 5, )+
[21C2/m11(C2/m, 12)  (1; 4; 5; 8)+
21C112,/m (P2 /m,11) (1; 2; 5; 6)+
IIa [2]Pbnm(Pnma, 62) 1; 2 5,6, (3: 4 75 8) 4 (3,3,0)
[21 Pmcn (Pnma, 62) 1;2;7; 8 (3; 4, 5; 6)+(3,3,0)
[2] Pben (60) 1; 3,5, 7; (25 45 6; 8)+(3,3,0)
[2] Pmnm (Pmmn, 59) 15 3; 6, 8; (25 45 5; 7)+(5,5,0)
[2] Pmnn (Pnnm, 58) 1; 4, 5;8; (25 35 6; 7)+(3,5,0)
[2]1 Pbem (57) 1; 4, 6, 7; (2; 3; 5; 8)+(5,5,0)
(2] Pbnn (Pnna, 52) 15 2; 3; 4 (5: 6; 75 8)+(3,4,0)
[21Pmcm (Pmma, 51) 1; 2; 3; 4, 5,6, 7, 8

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]1Cmcm (a’ =3a)(63); [3] Cmcm (b’ = 3b) (63); [3]Cmcm (¢ = 3¢) (63)

Minimal non-isomorphic supergroups
I [31P6,/mcm (193); [3] P6,/mmc (194)
II [2]1 Fmmm (69); [2] Pmcm (2’ = 1a,b’ = ib) (Pmma, 51); [2] Cmmm (¢’ = 3¢) (65)
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Cmece D

No. 64 C2/m2/c2 /e

Former space-group symbol Cm ca; cf. Chapter 1.3

(]
RIS
RN
Q'J‘-’

-

—_—

|

|
eeQesesd

|

|

_._\._._o_._\.l —r—) ——

-~ —
: :
- ——é——
1 :
o 4 :
o8 -—
SUES) i
Q
-
1
4
e
1
4

- Omi=\@P = =P == —
%

-

<

__\.\.c:>\.\<:)\.

— Q=@ ===\ =+=0 —>

Origin at centre (2/m) at 2/mn 1

Asymmetric unit 0<x<y; 0<y<

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

1 (2) 2(0,0,%) 0,1,z
%) 1 0,0,0 ©) b xy,}

For (3,3,0)+ set

(1) 1(4,4,0) (2) 2(0,0,2) 1,0,z
&)1 4,50 ©) a x,}

[SIE

k)

(3) 2(0,5,0) 0,3

M ¢ x4,z

(B)2 iy

(7) n(%707%) )C,O,Z
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mmm Orthorhombic

Patterson symmetry Cmmm

22 2
B s
i I b M b
4 4 ¢
T 9 § ° 5 o T
¢ 1 1 1 i 1 4
- ()‘3 ....... . ........ o‘! ....... . ....... é) —_—
SIS ! !
N}5 -— 0 ’ o ’ > ——
oY g . ( r}
< 1 i 1 i 1
- o‘! ....... ' ........ 01 ....... . ....... 3() —_—
! !
T ° §—o —o T
Yy ' v
i i 1

4) 2 x,0,0
(8) m 0,y,z

(4) 2(%’070) ‘x7}_170
& b i,yz
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CONTINUED

No. 64

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(3,1,0); (2); (3); (5)

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

16 g 1 ) x,y,z
) %,3,2
8 f m.. 0,y,z
8 e 2. LY s
8 d 2.. x,0,0
8 ¢ 1 1,1,0
4 b 2/m.. 5,0,0
4 a 2/m.. 0,0,0

Coordinates

(07070)+ (%7%’0)+

@)%y +3,2+3 3)xy+3,2+3 4 x,9,2
6) x,y+3,2+3 (7 x,3+3,2+3 ®) %,y,z
0,y+3,2+5 0,y+3,2+5 0,9,z
LY+, Y3 LY+,

f?%’% X’O’O x?%?%

SN N 13,0

111

29292

0,3,3

Symmetry of special projections

Along [001] p2mm
a=ja b’ = 3ib
Origin at 0,0,z

Along [100] p2gm
a'=;b b =c
Origin at x,0,0

Maximal non-isomorphic subgroups

I [21C2ce(Aea?2, 41)
[2]Cm2e(Aem?2, 39)
[2]1Cmc2, (36)
[2]1C222, (20)
[21C12/c1(C2/c, 15)
[21C112,/e(P2,/c, 14)
[21C2/m11(C2/m, 12)

IIa [21Pmnb(Pnma, 62)
[21Pbca(6])
[2] Pbna (Pbcn, 60)
[21Pmca (Pbcm, 57)
[21Pbnb (Pccn, 56)
[21Pmcb (Pbam, 55)
[21Pbcb (Pcca, 54)
[2]1 Pmna (53)

IIb none

(1; 4; 6; 7)+

(1; 3; 6; 8)+

(1; 25 7; 8)+

(1; 2; 3; 4)+

(1; 3; 5, )+

(1; 2, 5; 6)+

(1; 4; 5; 8)+

1; 3; 6; 8; (25 4, 5; 7)+(3,4,0)
1; 3,5, 7; (25 45 6; 8)+(4,4,0)
15 2; 3; 45 (55 6; 75 8) + (4,4,0)
152, 7; 8 (3; 455, 6)+(4,4,0)
1;2; 5, 6; (3; 45 75 8) + (4,4,0)
1; 2; 3; 4, 5,6, 7, 8

1; 4; 6; 75 (25 3; 5; 8)+(4,4,0)
1; 45 5; 8 (25 3; 6; 7) + (4,4,0)

Maximal isomorphic subgroups of lowest index
IIc  [3]Cmce(a =3a)(64); [3]Cmce (b =3b) (64); [3]Cmce (¢ =3c) (64)

Minimal non-isomorphic supergroups

| none

II [21 Fmmm (69); [2] Pmcm (@' = 3a,b’ = 1b) (Pmma, 51); [2] Cmme (¢ = 3¢) (67)

303

a =jc
Origin at 0,y,0

Cmce

Reflection conditions

General:

hkl : h+k=2n
Okl : k=2n
WOl : h,l=2n
hkO: h,k=2n
h00: h=12n
0kO : k=2n
00/ : 1 =2n

Special: as above, plus

no extra conditions
hkl : h=2n

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

hkl © k+1=2n

Along [010] p2mm
b = 1ia
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19 .
Cmmm D2h mmm Orthorhombic
No. 65 C 2/7’7’1 2/m 2/7’7’1 Patterson symmetry Cmmm
cLZz plll
1
| Y h h
| } * :
~— 00— — —0 0 0 —
| 6 % é |
~IE ? : o N i |% |% .%? T
LI AR A D T
<
-— __?___ __?_._ — - ?%. ................ ?.l ............... %? T
—— ¢ — —0 0 0 —
I A I f Y }
i { b
4222
H bt
“1‘__4_ ° 6% ° §% ° _’—%’ +(D— —®+ +®— —®+
Q- -
SIS ' é +(D_ "CD*
::E E : §% 0 6% : —’_%— +6D-1-6D+
| | ®-|- @ B O
T 00— —0 ~ 1 o o0
ol
Origin at centre (mmm)
Asymmetricunit 0<x<i; 0<y<ji; 0<z<j}
Symmetry operations
For (0,0,0)+ set
(H 1 2) 2 0,0,z 3) 2 0,y,0 “4) 2 x,0,0
() 1 0,0,0 6) m x,y,0 (7 m x,0,z 8) m 0,yz
For (3,3,0)+ set
() 1(3,5,0) 2 2 3,52 (3) 2(0,5,0) 3,0 4) 2(5,0,0) x,3,0
&1 3,50 ©6) n(5,3,0) x,0 (M a x,:,z ®) b i.yz
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CONTINUED No. 65 Cmmm

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(3,1,0); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, .
i 0,0,0 5,3,0
Site symmetry (0,0,00+ (3,5,0)+ General:
16 r 1 (1) x,y,z (2) %9,z (3) %,z 4) x,5,2 hkl @ h+k=2n
() %5,z (6) x,y,2 (7 x,y,z (8) X%,y,2 Okl : k=2n
hOl : h=2n
hkO: h+k=2n
h00: h=2n
0kO: k=2n
Special: as above, plus
8 g ..m XY, % %y,3 XY, 5 XV, 4 no extra conditions
8 p ..m x,y,0 x,9,0 x,9,0 x,y,0 no extra conditions
8 o m x,0,z x,0,z x,0,Z x,0,Z no extra conditions
8 n m 0,y,z 0,9,z 0,y,Z 0,y,z no extra conditions
8 m 2 ia%7z %,%,Z %,%,Z %7%7Z hkl : h=2n
4 I mm2 0,3,z 0,3,z no extra conditions
4 k mm?2 0,0,z 0,0,z no extra conditions
4 j m2m 0,v,3 0,7,5 no extra conditions
4 i m2m 0,y,0 0,y,0 no extra conditions
4 h 2mm x,0, 3 x,0, 3 no extra conditions
4 2mm x,0,0 x,0,0 no extra conditions
4 f ..2/m 1rir3 14 hkl : h=2n
4 e 2/m %,J‘HO %7%30 hkl : h=2n
2 d mmm 0,0,1 no extra conditions
2 ¢ mmm 3,0,1 no extra conditions
2 b mmm 1,0,0 no extra conditions
2 a mmm 0,0,0 no extra conditions
Symmetry of special projections
Along [001] c2mm Along [100] p2mm Along [010] p2mm
a=a b'=b a=1ib b'=c a=c b' = ia
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0
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Cmmm No. 65 CONTINUED

Maximal non-isomorphic subgroups

I [21Cm2m (Amm?2, 38) (1; 3; 6; 8)+
[21C2mm (Amm?2, 38) (1; 4; 6; 7)+
[2]1Cmm2 (35) (1; 25 7; 8)+
[2]1C222(21) (1; 25 3; 4)+
21C12/m1(C2/m,12) (1; 3; 5; 7)+
[21C2/m11(C2/m,12) (1; 4; 5; 8)+
[21C112/m(P2/m,10) (1; 2; 5; 6)+

Ia [2]Pmmn(59) 1;2; 7; 8 (3; 4, 5; 6)+(3,1,0)
[2] Pbam (55) 152, 5, 6; (3; 45 7; 8)+(4,4,0)
[21 Pbmn (Pmna, 53) 15 3; 5, 7; (25 45 6; 8)+ (4£,4,0)
[2] Pman(Pmna, 53) 1; 4;5; 8 (25 3; 6, 7)+ (3,3,0)
21 Pmam (Pmma,51)  1; 3; 6, 8 (2; 4; 5; 7)+ (4,1,0)
21 Pbmm (Pmma,51)  1; 4; 6; 7; (2; 3; 5; 8)+ (L,1,0)
[2] Pban (50) 1525 3; 4, (5; 6; 7; 8)+(,3,0)
[2]1 Pmmm (47) 1; 2,3, 4,56, 7, 8

IIb [2]Ccem (¢ =2¢) (66); [2] Ccmm (¢ = 2¢) (Cmcem, 63); [2]Cmem (¢ =2¢) (63); [2] Ibmm (¢ = 2¢) Imma, T4);
[2]Imam (¢ =2¢)(Imma, 74); [21Ibam (¢' = 2¢) (72); [2] Immm (¢' = 2¢) (71)

Maximal isomorphic subgroups of lowest index
IIc  [21Cmmm (¢ =2¢) (65); [3] Cmmm (a’ = 3a or b’ = 3b) (65)

Minimal non-isomorphic supergroups
I (2] P4/mmm (123); (2] P4/mbm (127); (2] P4,/mcm (132); (2] P4,/mnm (136); [3] P6/mmm (191)
II [21 Fmmm (69); [2] Pmmm (a’ = ia,b’ = ib) (47)
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Ccem
No. 66

D;,
C2/c2/c2/m

- G : : ) —
i 6 6 I
- =i P
~|E 4 : : : 4
:11: ‘l— °.u.-.--i ........ 9 ........ i ........ 9 T
4 ¢ i : i : 4
H ° . ° H
I T :
1 ]
4%_ ° ................. ° ................. ° _%.
Wolhow bR
222
Anaa
1 1 1
R N L A A
o o o o o
s
|
ol B T B B e
3 1 f | | | 3
o N L
~IE o & o o o
e ‘ ] 1 ! :
| | |
<=0 40 0 4 V-
4 | | | [l | 4
| Y S W A |
ok
Origin at centre (2/m) at cc2/m
Asymmetric unit 0<x<i; 0<y<i; 0<z<4
Symmetry operations
For (0,0,0)+ set
M1 2) 2 0,0,z (3) 2 0y}
3) 1 0,0,0 (6) m x,y,0 (7 ¢ x,0,z
For (3,3,0)+ set
(1) [_(%7%30) (2) 2 zl_u%vz (3) 2(07%70) J‘uy,z
(5) 1 %a%70 (6) n(%v%7 ) x7y70 (7) n(%70a%) x,i,z

Patterson symmetry Cmmm

Orthorhombic

mmm
222
By mb
I% b i
} 4
- o-—-—.——o—-—.——o —_—
T T”““"'f”"‘“i g
~ls 4 4 4
S e s B
<
T f"—’—'—’?'_”"‘f’ g
4 4 4 4 4
- o——.-—-—o—-—-.———o —_—
' '
1 1
4 4
s g
® @ ® @
D|D D | D
%+%- -+ %+%— -4
N IR
CREO)
QD
3+ 37| -+
o i o= g
OREO) CREC)
D O O O
LWl I
4) 2 x,0,%
@) ¢ 0,3z

Maximal isomorphic subgroups of lowest index

Ilc

[3]Ccem (a' = 3aor b = 3b) (66); [3] Ccem (¢ = 3¢) (66)

Minimal non-isomorphic supergroups
I [21 P4/mcc(124); [2] P4/mnc (128); [2]1 P4,/mmc (131); [2] P4,/mbc (135); [3]1 P6/mcc (192)

1T

[2]1 Fmmm (69); [2] Pccm (2’ = ta, b/
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ib) (49); [2] Cmmm (¢’ = 3¢) (65)
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CONTINUED

No. 66

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(3,1,0); (2); (3); (5)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry (0,0,00+ (3,5,0)+

16 m 1 (1) x,y,z ) x,y,z 3) %,y,7+3 4 x, 9,743
(5) x5,z (6) x,y,2 (D x,5,2+ 3 (8) X,y 2+ 3

8 I .m x,y,0 x%,7,0 %9, XV, 3

8 k ..2 12 HoZts 312 et

8 Jj 2 0,3,z 0,3,2+3 0,3,z 0,3,2+3

8 i 2 0,0,z 0,0,z+3 0,0,z 0,0,z+3

8 h .2 0,y,3 0,7, 0,7, 0,y.3

8 2 x,0,1 x%,0,1 x,0,3 x,0,3

4 f .2/m 1,0 A

4 e ..2/m 110 biii

4 d ..2/m 0,3,0 0,3,3

4 ¢ ..2/m 0,0,0 0,0,3

4 b 222 0,3, 0,1,3

4 a 222 0,0, 0,0,3

Symmetry of special projections

Along [001] c2mm
a=a b'=b
Origin at 0,0,z

Along [100] p2mm
b = ic

a=1b
Origin at x,0,0

Maximal non-isomorphic subgroups

I [21Cc2m (Ama?2, 40)
[21C2cm (Ama2, 40)
[21Ccc2(37)
[21C222(21)
[2]C12/c1(C2/c, 15)
[2]C2/c11(C2/c, 15)
[21C112/m(P2/m, 10)

(Continued on preceding page)

(13

s

5

5

S

(1
(15
(1;
(1;
(1;
(1;

_—
l\)-lkb)l\)

il
s
>
>

O ASAAR
FFFE¥+TF

Along [010] p2mm

a =ic b’ = ia
Origin at 0,y,0
IIa [2]1Pnnm(58) 1; 2; 5; 6;
[2]1 Pccn (56) 1;2; 7; 8;
[21Pcnm (Pmna, 53) 1; 3; 6; 8;
[21Pncm (Pmna,53) 1;4;6;7,
[2] Pncn(Pnna, 52) 1;3;5;7;
[2]Pcnn(Pnna,52) 1;4;5;8;
[21 Pccm (49) 1;2; 3; 4
[2] Pnnn (48) 1525 3; 4
IIb none

309

Ccem

Reflection conditions

General:

hkl

ch+k=2n
Okl -
hol :
hkO :
h00 :
0kO0 :
00! :

k,l =2n
h,l=2n
h+k=2n
h=2n
k=2n
l=2n

Special: as above, plus

no extra conditions

hkl :
hkl -
hkl -
hkl -
hkl -
hkl -
hkl -
hkl -
hkl -
hkl -

hkl -

Py

9,1

—~

k+1=2n
l=2n
l=2n
l=2n
l=2n
k+1=2n
k+1=2n
l=2n
l=2n
l=2n

l=2n

3;4; 7, 8)+(5,5,0)
3;4;5,6)+(5,5,0)
2; 4,5, 7)+(5,5,0)
2;3;5; 8)4(3,1,0)
2; 4; 6; 8)+(5,5,0)
2; 3,6, 7)+(5,5,0)
; 6,7, 8

5, 6; 7; 8)+(1,1,0)
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21 .
C mme Dz;, mmm Orthorhombic
No. 67 C 2/7’7’1 2/m 2/6 Patterson symmetry Cmmm
Former space-group symbol C mma; cf. Chapter 1.3
cr22 p222
| i b b M
L N B } ] }
— 0 — T4 ¢ §—+
U [ S il il T
-— .——o——-’——-o——. —_— -— ° ................. ° ................. ° —
ale | | | | | oz ! ! ]
E o —y — L § §—+
$ I | 1 | I il il %6
Pru— ?——T——?_—T——? — - ? ................. ? ................. v —_—
i i i
S S e
Vol i f s
az22

O[O0 0o -O]O-

ol {00 -0 |0 0|0

:{; .r_o ..... §;_° ..... gi_e _,_%. NeSzomm=eaze ol o)

g 5 : Qe 0|0 -0 06

SR S - S S S -0 O © O -0 O
T

Origin at centre (2/m) at2/m2,/ae
Asymmetric unit 0<x<i; 0<y<y; 0<z<

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

(H 1 (2)2 0,3,z (3) 2(0,5,0) 0,y,0 4 2 x0,0

(5) 1 0,0,0 6) b x50 () m x,3,2 (8) m 0,y,z

For (3,3,0)+ set

(1) 1(3,5,0) (2)2 1,0,z 3)2 1,50 4 2(5,0,0) x,3,0
&1 5,350 6) a x,0 (M a x,0,z ®) b 1yz

Maximal isomorphic subgroups of lowest index
IIc  [21Cmme (¢ =2¢) (67); [3]Cmme (a’ =3aor b’ = 3b) (67)

Minimal non-isomorphic supergroups

I [2]1 P4/nbm (125); [2] P4/nmm (129); [2]1 P4,/nnm (134); [2]1 P4,/ncm (138)

I [21 F mmm (69); [2] Pmmm (a' = 1a, b’ = ib) (47)
Copyright © 2006 International Union of Crystallography 310
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

16 o 1 ) x,y,z
(5) x5,z
8 n m X, 1.z
8 m m 0,y,z
8 I 2 1,0,z
8 k .2. T
8 j .2 £>,0
8 i 2 x,0,1
8 h 2 x,0,0
4 g mm?2 0,1,z
4 f .2/m. 1
4 e .2/m. 41,0
4 d 2/m.. 0,0, !
4 ¢ 2/m.. 0,0,0
4 b 222 10,1
4 a 222 10,0

No. 67

(1); £(1,0,0); ¢(0,1,0); ¢(0,0,1); ¢(3,3,0); (2); (3); (5)

Symmetry of special projections

Along [001] p2mm
a=1la b =1ib
Origin at 0,0,z

Maximal non-isomorphic subgroups

I [21Cm2e(Aem?2, 39)
[2]C2me (Aem?2, 39)
[21Cmm?2 (35)
[2]1C222(21)
[21C112/e(P2/c, 13)
[21C12/m1(C2/m, 12)
[2]1C2/m11(C2/m, 12)

Cmme

Coordinates Reflection conditions
11
0,00+ G300+ General:
() %,5+3,2 (3) %,y+3,2 4) x,3,2 hkl : h+k=2n
6) x,y+3,2 7 x,5+1z 8) ,y,2 Okl : k=2n
hOl : h=2n
hkQ : h,k=2n
h00: h=2n
0kO: k=2n
Special: as above, plus
x4,z X3,z X3,z no extra conditions
0,543,z 0,y+4,z 0,y,7 no extra conditions
12 10,2 13,2 hkl © h=2n
%,}7"‘%7% %7)2% %ay—i_%?% hkl : h=2n
3.9+13,0 15,0 Ly+3,0 hkl : h=2n
X’%>% 2707% x7%a% hkl : h=2n
f>%a0 27070 x,%,O hkl : h=2n
0,3,z no extra conditions
$rd3 hkl : h=2n
71,0 hkl : h=2n
0.3,3 hkl : h=2n
0,3,0 hkl : h=2n
70,3 hkl : h=2n
7,0,0 hkl : h=2n
Along [100] p2mm Along [010] p2mm
a=1b b =c a=c b’ =ia
Origin at x,0,0 Origin at 0,y,0
(1; 3; 6; 8)+ IMa [2]Pbma(Pbcm,57) 13,5 7;(2; 4, 6; 8)+(3,3,0)
(1; 4; 6; 7)+ [2]1 Pmab (Pbcm, 57) 1;3; 65 8; (2,45, 7)+(5,3,0)
(1; 2, 7; 8)+ [21Pbaa (Pcca, 54) 1;2;3;4; (5,6, 7, 8) +(%,1,0)
(1, 2, 3; 4)+ [21Pbab (Pcca, 54) 1;2;5;,6; (3; 4,7, 8)+(3,1,0)
(1; 2; 5; 6)+ [21Pmmb (Pmma,51) 1;2;3;4;5;,6;,7,8
(1; 3; 5, T)+ [2]Pmma (51) 1;2;7;8; (3; 4,5, 6)+(4,3,0)
(1; 4 5; 8)+ [21 Pmaa(Pcem,49)  1;4;5;8; (2;3; 6; 7) +(4,1,0)
[21Pbmb (Pccm,49) 1545 6; 75 (2; 3; 5; 8) + (3,4,0)
IIb [2]Ccce(c =2¢)(68); [2]Ccme (¢ =2¢)(Cmce, 64); [2]1Cmce (¢ = 2¢) (64); [2] Imma (¢ = 2¢) (74); [2]Ibca (¢ = 2¢) (73);

[21Ibmb (¢ =2¢c)(Ubam, 72); 2] Imaa (¢ =2¢)(Ibam, 72)

(Continued on preceding page)
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Ccce D2

No. 68

Former space-group symbol Ccca; cf. Chapter 1.3

ORIGIN CHOICE 1

I ! !
13 iz 31
- 04. ...... . ....... o‘! ...... . ...... ?o —
! AR Yoo
| © 1 il i L 1
Qo ... —6‘—--—.— -t _. .
SRS H H
L : l !
14 . 14 Y |
e Qecvesee ‘ ....... Qeecssee . ....... QO ——
] ] v ]
| 1 .1 ]
P a— ’— - — —.— — Q) — _. —

Bl

QN
-« — |

= — —0 -
¢ [ (N
I | i | al
o‘t.—...o ..... 0‘!.—..0.._.‘.‘0
| i [ I !
ale | | | I |
cr ! ) ' ' e
3
A R T A
I3 | 3 | al
[e]

+— @\ — —0
--—— @ — =0
-— - ——

Sl

Origin at 222 at2/n2/n2,at 0, 1, 1 from 1

Asymmetric unit 0<x<i; 0<y<i; 0<z<

[SIE

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

1 @2 iz 3)2 0,0

(5) 1 07%7% (6) a x7)’>i (7) Cc .X,%,Z

For (4,4,0)+ set

(1) £(4,4,0) 2)2 0,0,z (3) 2(0,3,0) 1,30
&) 1 40,1 ©) b xy,} ™ n(4,0,4) x,0,z
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P —

i |
als 4 il
NS e 54
ISTRY
< | I

Orthorhombic

Patterson symmetry Cmmm

' !
H i
‘0 O 4@ Ok O O
O[O FO[OF -0 O
-0 | O *0| 0 +0| O
O [OF -0 07 FO | OF
0 |0~ +0| @ +0 | O
-0 O FO OF -0 O

“ 2(5,0,0) x,3,0
®) ¢ 3z

4) 2 x,0,0
() n(0,3,3) 0,5,z
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CONTINUED

Generators selected

(1); £(1,0,0); ¢(0,1,0); ¢(0,0,1); ¢(3,3,0); (2); (3); (5)

Positions

Multiplicity, Coordinates
Wyckoff letter, .

Site symmetry (0,0,00+ (3,5,0)+

16 i 1 (D x,y,z Q) x+355+3,2 () x,y,2
(S) % 5+35,2+1 (6) x+ 3,52+ 3 (N x,5+75,2+3
8 h ..2 Lz 3,52 LIt et
8 2 0,0,z 0,0,z 0,3,2+3 0,3,2+3
8 f 2 O7y70 %7y+%70 07)_}+%7% %7y7%
8 e 2 ‘x70’0 ‘f+%7%’0 f?%’% ‘er%?O?%
8 d 1 0,33 31303 0,33 31303
8 ¢ 1 70,3 $1303 0,3 TR
4 b 222 0,0, 0,:,0
4 a 222 0,0,0 0,11
Symmetry of special projections
Along [001] p2mm Along [100] p2mm
a=ja b’ =ib a=;b b =3¢
Origin at 0,0,z Origin at x,0,0
Maximal non-isomorphic subgroups
| [2]1Cc2e(Aca2, 41) (1; 3; 6; 8)+
[21C2ce(Aea?2, 41) (1; 4; 6; 7)+
[2]1 Cece2 (37) (1; 2; 7; 8)+
[21C222(21) (1; 25 3; 4)+
[21C12/c1(C2/c,15) (15 3; 5; T)+
[2]C2/c11(C2/c,15) (1; 4; 5; 8)+
[21C112/e(P2/c,13) (15 2; 5; 6)+
Ma [2]Pcnb(Pben, 60)  1; 4; 5; 8; (2; 3; 6; 7)+ (4,1,0)
[2]1Pnca (Pbcn, 60) 1; 4; 6, 7; (2; 3; 55 8)+(3,1,0)
[2] Pcca (54) 1; 2; 3; 4, 5, 6; 7; 8
[21Pccb (Pcca, 54) 1;2,7; 8, (3; 4, 5, 6)+(4,4,0)
[2] Pnnb (Pnna, 52) 1; 2, 3; 45 (5; 6; 7; 8)+(4,1,0)
[2] Pnna(52) 1; 2, 5; 6; (3; 4, 7; 8)+(5,5,0)
[2]Pncb (Pban, 50) 1; 3,5 7, (2, 4 6; 8)+(5,3,0)
[2]1 Pcna (Pban, 50) 1; 3; 6, 8 (25 4, 5, 7)+(5,1,0)

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]Ccce(a =3aorb =3b)(63); [3]Ccce (¢ =3c)(68)

Minimal non-isomorphic supergroups

I [2] P4/nnc (126); [2] P4/ncc (130); [2] P4, /nbc (133); [2] P4, /nmc (137)
I [2]1Fmmm (69); [2] Pcem (2’ = ta,b' = 1b) (49); [2] Cmme (¢’ = Lc) (67)
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No. 68

) x+5.5+3,2
(8) X+ 35,3,2+ 3

Ccce

Reflection conditions

General:

hkl : h+k=2n
Okl : k,l=12n
hol : h,l=2n
hkO: h,k=2n
h00: h=2n
0kO: k=2n
00/ : I=2n
Special: as above, plus
hkl © 1=2n
hkl : k+1=2n
hkl : k+1=2n
hkl : k+1=2n
hkl : k,l=2n
hkl : k,l=2n
hkl : k+1=2n

hkl © k+1=2n

Along [010] p2mm

1
a' = ;¢

1
b’—ga

Origin at 0,y,0



Ccce D
No. 68 C 2/c2/c2/e

Former space-group symbol C cca; cf. Chapter 1.3

ORIGIN CHOICE 2

c22z2
cC Cc e
[ 1 1 1 1 1
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o
ENE

Origin at T at nce, at 0, —1, —! from 222

Asymmetric unit 0<x<i; 0<y<i 0<z<!
Symmetry operations

For (0,0,0)+ set

(1 (2) 2 3,0,z (3)2 0,3

®) 1 0,0,0 6) a x,y,0 (7 ¢ x,0,z

For (3,3,0)+ set

(1) 1(3,5,0) (2) 2 0,3,z (3) 2(0,3,0) 3,33
S) 1 3,30 6) b x50 (7) n(3,0,3) x,1,2
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Patterson symmetry Cmmm
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4 2(3,0,0) x,0,%
@) ¢ iz

4 2 x5,
(®) n(0,3,5) 0,y,z



CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

16 1 1 ) x,y,z

(5) x5,z
8 h ..2 1,0,z
8 ) 0,3,z
8 f .2 0,y,1
8 e 2. X, 5,4
8§ d 1 0,0,0
8 ¢ 1 1,3,0
4 b 222 0,12
4 a 222 0,11

No. 68

(1); £(1,0,0); ¢(0,1,0); ¢(0,0,1); ¢(3,3,0); (2); (3); (5)

Coordinates

(07070)+ (%7%’0)+

(2) x+3,¥,2
6) x+3,5,2

(3) x,y,2+3
(D) x, 3,2+

) x+5.5,24;
(8) X435 y,2+3

30,741 10,2 10,741
0,1,2+3 0,3,2 0,%,z+3
59,1 0,y,3 503
41,31 %33 X+5,4,3
1.0,0 0,0,! 10,1

14,0 N N

Oa%vi

0a%7%

Symmetry of special projections

Along [001] p2mm
a=1la b'=1b
Origin at 0,0,z

Along [100] p2mm

Maximal non-isomorphic subgroups

I [21Cc2e(Aea2, 41)
[21C2ce(Aea?2, 41)
[21Ccc2(37)
[21C222(21)
[21C12/c1(C2/c, 15)
[21C2/c11(C2/c, 15)
[21C112/e(P2/c, 13)

IIa [2]1Pcnb(Pbcn, 60)
[21Pnca (Pbcn, 60)
[2] Pcca (54)
[21Pccb (Pcca, 54)
[21Pnnb(Pnna, 52)
[2] Pnna (52)
[2]Pncb (Pban, 50)
[2] Pcna (Pban, 50)

IIb none

Ccce

Reflection conditions

General:

hkl : h+k=2n
Okl : k,l=12n
hol : h,l=2n
hkO: h,k=2n
h00: h=2n
0kO: k=2n
00/ : I=2n
Special: as above, plus
hkl © 1=2n
hkl : k+1=2n
hkl : k+1=2n
hkl : k+1=2n
hkl : k,l=2n
hkl : k,l=2n
hkl : k+1=2n

hkl © k+1=2n

Along [010] p2mm

a =;b b = ic a =;c b' = ia
Origin at x,0,0 Origin at 0,y,0

(1; 3; 6; 8)+

(1; 4; 6; 7)+

(1; 2, 7; 8)+

(1; 2; 3; 4)+

(1; 3; 5, 1)+

(1; 4; 5; 8)+

(1; 2; 5; 6)+

1; 45 5; 8 (25 3; 6; 7)+ (4,4,0)

1; 4; 6, 7; (25 3; 55 8) +(3,3,0)

1; 2; 3; 4, 5, 6; 7; 8

1; 2, 7; 8 (3; 4; 5; 6)+ (3,1,0)

15 2; 3; 4; (5; 6; 75 8) + (4,1,0)

1; 2,5, 6, (3; 45 75 8) +(5,3,0)

15 3; 5, 7; (25 45 6; 8) + (4,1,0)

1;3; 6; 8; (25 455, 7)+(3,3,0)

Maximal isomorphic subgroups of lowest index
IIc  [3]Ccce(a =3aorb =3b)(63); [3]Ccce (¢ =3c)(68)

Minimal non-isomorphic supergroups
I [2]1 P4/nnc (126); [2]1 P4/ncc (130); [2] P4,/nbc (133); [2]1 P4,/nmc (137)
I [21Fmmm(69); [2] Pcom (a' = ta, b = 1b) (49); [2] Cmme (¢ = L¢) (67)
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D;,

2h
F2/m2/m2/m

Fmmm
No. 69

mmm Orthorhombic

Patterson symmetry F mmm
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Bl—
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Is l I Ig —_
sl o o an e g HE Sl S A ey
USSR T W S W JURUGE U S W S - S
O (O U CO U B N LA PR CRS P B
e 0—6—0—§* ? ~T e 0—6—1 ?4_3 ~T
L IR R \ 1 \
FRNR 7 B T S £ I | E SN N | R F A
Fomm
“ HoH M H N
¢ s ¢ s t i1 1,
- —— ) e (] s (} e} > — 2°2 2 2
I e
l | + —[=0])+ +0])-|-0] )+
[ [
.%_‘_ 91—? ..... 91-?—i§ .,;. e L+ 1111 ol
x-S N S A Do 0o e
NE e - A - —
T - Qo 0ol @O
& A bbb b i b
S YOOI YUY SO W 6 —-—— T T
EINE ‘A (e L0 ©0 @]
Doh DD @ @ OO
- 0—— o—4 T ool
AR S 2
Origin at centre (mmm)
Asymmetric unit 0<x<y3 0<y<i 0<z<;
Symmetry operations
For (0,0,0)+ set
(H 1 2) 2 0,0,z 3) 2 0,y0 “4) 2 x,0,0
(5) 1 0,0,0 6) m x,y,0 (1) m x,0,z 8) m 0,y,z
For (0,4, 1)+ set
(1) #(0,3,3) (2) 2(0,0,5) 0,35,z (3) 2(0,3,0) 0,y,3 42 x5
) 1 0,43 ©) b x,y,; (7N ¢ x5,z (8) n(0,3,3) 0,5,z
For (3,0, 3)+ set
(1 1(5,0,3) (2) 2(0,0,5) 3,0,z 32 3y 4) 2(5,0,0) x,0,3
&) 1 40,5 6) a x.y3 (7) n(5,0,3) x,0,z ®) ¢ 13z
For (4, 4,0)+ set
(D) 1(3,1,0) 22 3,52 (3) 2(0,3,0) 55,0 4) 2(5,0,0) x,3,0
(5) 1 %aAl7O (6) n(%a%? ) x7y70 (7) a xa%az (8) b 41,)7,2
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CONTINUED No. 69 Fmmm

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); #(0,1,3); £(3,0,3); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, . 1 1 .
Site symmetry (0a0a0)+ (0757 i)+ (57075)+ (ia E7O)+ General:
32 p 1 (D) x,y,z (2) x,5,2 (3) x,y.z 4) x,5,2 hkl : h+kh+1k+1=2n
(5) x5,z (6) x,y.Z (7 x,9,z (8) x,y,z Okl = k,l=2n
hOl : h,l=2n
hkQ : h,k=2n
h00: h=2n
0kO: k=2n
00l : I=2n
Special: as above, plus
16 o ..m x,¥,0 x,9,0 x,9,0 x, 7,0 no extra conditions
16 n .m. x,0,z x%,0,z x,0,7 x,0,7 no extra conditions
16 m m.. 0,y,z 0,9,z 0,y,z 0,9,z no extra conditions
16 1 2.. X, 5,4 X34 x,3,3 X, 5,3 hkl : h=2n
16 k .2. B3 395 3,93 B hkl = h=2n
16 j .2 %7%7Z %a%72 %a?‘nz %7?_1’Z hkl : h=2n
8 i mm?2 0,0,z 0,0,7z no extra conditions
8 h m2m 0,y,0 0,7,0 no extra conditions
8 g 2mm x,0,0 x,0,0 no extra conditions
8 f 222 %a%7% %a%>% hkl © h=2n
8 e ..2/m 41,0 21,0 hkl © h=2n
8 d .2/m. 1,01 20,1 hkl © h=2n
8 ¢ 2/m.. 0,11 0,3,1 hkl © h=2n
4 b mmm 0,0,1 no extra conditions
4 a mmm 0,0,0 no extra conditions
Symmetry of special projections
Along [001] p2mm Along [100] p2mm Along [010] p2mm
a=ia b =ib a=:b b =ic a' = ic b =ia
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0
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No. 69

Fmmm

Maximal non-isomorphic subgroups
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Maximal isomorphic subgroups of lowest index

Ilc

3¢) (69)

=3aorb =3borc =
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Minimal non-isomorphic supergroups

I

[2114/mmm (139); [2] [4/mcm (140); [3] Fm3 (202)
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Orthorhombic

Patterson symmetry F mmm

mmm
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F 2/d2/d2/d

D

International Tables for Crystallography (2006). Vol. A, Space group 70, pp- 320-323.

Fddd

No. 70
ORIGIN CHOICE 1
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Origin at 222, at
Asymmetric unit
Symmetry operations
For (0,0,0)+ set
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CONTINUED No. 70 Fddd

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); #(0,1,3); £(3,0,3); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, . 1 1 .
Site symmetry (0a0a0)+ (07575)+ (57075)+ (iai70)+ General:
32 h 1 (D)xyz 2) x,9,z 3) x,,Z @) x,9,2 hkl : h+k=2n and
() X+57+52+5 O x+iy+ii+s Dxtiy+izti @) F+iy+inzti htLk+1=2n
Okl : k+1=4nand
k,l=2n
hOl : h+1=4nand
h,l=2n
hkO : h+k=4n and
h,k="2n
h00: h=4n
0kO: k=4n
00l : [=4n
Special: as above, plus
16 g ..2 0,0,z 0,0,z 15,2+ 1 1 1,2+1 hkl © h=2n+1
or h+k+1=4n
16 f 2. 0>y70 07)_170 %a)_}—’—bi %7y+%a%
16 e 2.. anaO X,0,0 f+%a%7% X+%,%,%
16 d 1 i3 5 N D3 hkl = h=2n+1
B or hk,l=4n+2
16 ¢ 1 %7%a% %v%v% %7éa% %7%7% or hk,l =4n
8 b 222 0,0, 11,3 hkl : h=2n+1
or h+k+1=4n
8 a 222 0,0,0 11404
Symmetry of special projections
Along [001] c2mm Along [100] c2mm Along [010] c2mm
a'=;a b’ = ib a=1ib b = ic a=1ic b = ia
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0

Maximal non-isomorphic subgroups

| [21 Fdd?2(43) (l; 2; 7; 8)+
[21Fd2d(Fdd2,43) (1; 3; 6; 8)+
[21F2dd (Fdd2,43) (l; 4; 6; 1)+
[2] F222(22) (1; 2; 3; 4)+
[21F112/d(C2/c,15) (1; 2; 5; 6)+
R1F12/d1(C2/c,15) (15 3; 5; 7)+
[21F2/d11(C2/c,15) (1; 4; 5; 8)+

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc [3]Fddd(a =3aorb =3borc =3c¢)(70)

Minimal non-isomorphic supergroups
I (2114, /amd (141); [2]114, /acd (142); [3] Fd3 (203)
II  [2]Pnnn(a =ltab =1b,c = lc)(48)
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Asymmetric unit

x,0,z
x,0,z
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)
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3) 2
(7) d(

Symmetry operations
,0)+ set

For (0,0,0)+ set



CONTINUED No. 70 Fddd

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); #(0,1,3); £(3,0,3); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, . 1 1 .
Site symmetry (0a0a0)+ (07575)+ (57075)+ (iai70)+ General:
32 h 1 (D) x,y,2 () x+3,9+1.2 (B) X432+ 3 ) x,y+:5,2+3 hkl = h+kh+1,k+1=2n
(5) fay7z (6)x+ﬁ,y+ﬁ,2 (7)x+i,)7,z+i (8) i7y+%7z+% Okl k+l:4n’ k7l:2n
hOl : h+1=4n, hl=2n
hkO: h+k=4n, hk=2n
h00: h=4n
0kO: k=4n
00/ : I=4n
Special: as above, plus
16 g ..2 B 52 it N N4 it hkl : h=2n+1
or h+k+1=4n
16 f 2 %7y7§ %,}_’"’%7% %7)_5% %J‘FL%
16 e 2" x’%?% f+%7%’% X’%?% x+%7%7%
16 d 1 3,503 e L 504 hkl = h=2n+1
- or hk,l=4n+2
16 ¢ 1 0,0,0 3,320 20,2 0,3,:2 or hk,l=4n
8 b 222 TR 153 hkl : h=2n+1
or h+k+I1=4n
8 a 222 B8 $r807
Symmetry of special projections
Along [001] c2mm Along [100] c2mm Along [010] c2mm
a'=;a b= ;b a=1b b =1ic a=ic b = ia
Origin at 4, 3,2 Origin at x, 3, 3 Origin at 3,y,

Maximal non-isomorphic subgroups

I [21Fdd?2(43) (1; 25 7; 8)+
[21Fd2d (Fdd?2,43) (1; 3; 6; 8)+
[21F2dd (Fdd?2,43) (1; 4; 6; 7)+
[21F222(22) (1; 25 3; 4)+
[21F112/d(C2/c,15) (1 2; 5; 6)+
[21F12/d1(C2/c,15) (1; 3; 5; T)+
[21F2/d11(C2/c,15) (1; 4; 5; 8)+

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc [3]Fddd(a =3aorb =3borc =3c¢)(70)

Minimal non-isomorphic supergroups
I (2114, /amd (141); [2]114, /acd (142); [3] Fd3 (203)
II  [2]Pnnn(a =ltab =1b,c¢ = lc)(48)
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International Tables for Crystallography (2006). Vol. A, Space group 71, pp. 324-325.

25 .
Immm Dz;, mmm Orthorhombic
No. 71 1 2/7’7’1 2/m 2/7’7’1 Patterson symmetry Immm
222 (212
N Nopopoon
— 0 T 0 T 0 — — 90 T 0 T 0 —
1Ll Il L1 L1
4 a - | = ] —
. ’— ? ? 1 S ? l ? —| ¢
SR e e e S Tl e e et B
~ il 11 ~ il il
: 4 A | — = —
lEasak -t
— 0 — ————i
A R A
222
Noyonor o
-~ ° | ° [ ° - +®- -®+ +CD— —CD+
|% ] % +@D-|-D+ +D-|-D+
‘r —.—é_.— —.—9—.— T 1,1 11
~|E ! l ! ) izDi_ EEDT‘
~IE e | | —
w Qe
1 11 PRSP
4 4
S e e
3 | | 4 +CD--@+ +(D-—(D+
— ¢ ] 0 | 0 — +@D--D+ +@--D
ol
Origin at centre (mmm)
Asymmetricunit 0<x<i; 0<y<i; 0<z<}
Symmetry operations
For (0,0,0)+ set
(1 2) 2 0,0,z 3) 2 0,y,0 “4) 2 x,0,0
() 1 0,0,0 6) m x,y,0 (7 m x,0,z 8) m 0,yz
For (3,3, 1)+ set
(D 1(3,5,1) (2) 2(0,0,3) i35,z (3) 2(0,3,0) 3,33 4) 2(5,0,0) x,3,3
G 1 553 (6) n(3,5,0) x,y3 (7 n(3,0,1) x5,z ®) n(0,7,1) 1,32

Maximal isomorphic subgroups of lowest index
IIc [3]Immm(a =3aorb =3borc =3c)(71)

Minimal non-isomorphic supergroups

I [2]114/mmm (139); [3]Im3 (204)

II [21Ammm (a' = 1a) (Cmmm, 65); [2] Bmmm (b’ = 1b) (Cmmm, 65); [2] Cmmm (¢ = 3¢) (65)
Copyright © 2006 International Union of Crystallography
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CONTINUED No. 71 Immm

Generators selected (1); #(1,0,0); #(0,1,0); £(0,0,1); #(,1,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, L
Site symmetry (0,0,0)+  (3,7,3)+ General:
16 o 1 D) x,v,z 2) x,9,z 3) x,y,Z 4) x,9,Z hkl : h+k+1=2n
(5) x5,z (6) x,y.Z (7 x,y,z (8) x,y,z Okl = k+1=2n
hOl : h+1=2n
hkO: h+k="2n
h00: h=2n
0kO: k=2n
00/ : I=2n
Special: as above, plus
8 n ..m x,9,0 x,9,0 x,9,0 x,5,0 no extra conditions
8 m .m x,0,z x,0,z x%,0,7Z x,0,7 no extra conditions
8 I m.. 0,y,z 0,9,z 0,y,Z 0,9,z no extra conditions
8 k 1 TETE L i B hkl - k,l=2n
4 7 mm?2 1,0,z 1,0,7 no extra conditions
4 i mm?2 0,0,z 0,0,z no extra conditions
4 h m2m 0,y,1 0,9,3 no extra conditions
4 g m2m 0,y,0 0,7,0 no extra conditions
4 f 2mm x,5,0 x,3,0 no extra conditions
4 e 2mm x,0,0 x%,0,0 no extra conditions
2 d mmm 1,01 no extra conditions
2 ¢ mmm 13,0 no extra conditions
2 b mmm 0,51 no extra conditions
2 a mmm 0,0,0 no extra conditions
Symmetry of special projections
Along [001] ¢c2mm Along [100] ¢c2mm Along [010] ¢c2mm
a=a b'=b a=>b b'=c a=c b'=a
Origin at 0,0,z Origin at x,0,0 Origin at 0,y,0
Maximal non-isomorphic subgroups
I [21 Imm?2 (44) (1; 2, 7; 8)+ IMa [2]Pmmn(59) 1;2;7; 8 (3;4: 5, 6)+ (5,3,3)
[21Im2m (Imm?2, 44) (1; 3; 6; 8)+ [2]Pmnm (Pmmn,59) 1;3; 6;8; (2;4; 5, 7)+(3,1,1)
2112mm(Imm2,44)  (1; 4; 6; 7)+ [21 Pnmm (Pmmn,59) 1;4; 6; 7; (2; 3; 5; 8) + (3,3, 3)
[2]11222(23) (1; 2; 3; 4)+ [2] Pnnm (58) 1525, 6; (3; 4: 75 8) +(5,4,3)
[211112/m(C2/m,12) (1; 2; 5; 6)+ [21Pnmn(Pnnm, 58) 1;3;5,7; (2, 4; 6, 8)+ (2,4, 4)
[21712/m1(C2/m,12) (1; 3; 5; 7)+ (21 Pmnn (Pnnm,58) 15 4; 5; 8; (2; 3; 6; 7) +(5,3,3)
[2112/m11(C2/m,12) (1; 4; 5; 8)+ [2]1Pnnn (48) 15253, 4; (5,6, 75 8)+ (5,3,1)
[21 Pmmm (47) 1; 2;3;4;5,6;,7;,8
IIb none

(Continued on preceding page)
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D;;
12/b2/a2/m

Ibam
No. 72

S—
—
FN-

4 11 n
- __§“_.__§‘1_._
«~|E | : |
| < Beceeecioeccceeeiieieiiennnnnd
:[.: 1 ° ! ° : ° T ~lo
— __§L_L_§L_ .
| |

222
I5%%
BRI,
rO | : | : [
| | T
D e e B
: : |
~Nl”
e o ——t——! —
N»l.“ 3 | | : | 3
| 1 | i |
— ?—.—.?_.—I—-—?—u—? —
| ; | ; |
T ° ‘ ° ’ ° T
T
4 4

Origin at centre (2/m) at cc2/m

Asymmetric unit 0<x<q; 0<y<i; 0<z<

[SIES
[SIE

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

1 2) 2 0,0,z (3) 2(0,4,0) 1,30
5) 1 0,0,0 6) m x,y,0 M a xhz

For (4,3, 1)+ set

(1) t_(%?%a%) (2) 2(0707%> zluzlwz (3) 2 07)7,%

5) T 44,4 ©6) n(3,4,0) x,y,? D ¢ x0,z

(o]
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|
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Patterson symmetry Immm

—O —
I
I

g —>
|
|
|
|

<0 —>
I
I

-
e
-

S B
-
-]

S

........

|
|
-— =)=
|
|

- gk - fh
® @ ® @
20 D10
3+3-| -+ - 3+3-| -+
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O L® @0
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4 2(3,0,0) x,3,0
® b ¥z

4) 2 x,0,%
) c 0,3z

Maximal isomorphic subgroups of lowest index
IIc [3]7bam(a =3aorb =3b)(72); [3]11bam (¢ = 3c) (72)

Minimal non-isomorphic supergroups
I [2]114/mcm (140)

II [21Cmmm (¢ = i¢) (65); [2]1Aemm (a’ = ia) (Cmme, 67); [2] Bmem (b
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No. 72

CONTINUED

Generators selected (1); #(1,0,0); #(0,1,0); £(0,0,1); #(,1,1); (2); (3); (5)

Positions

Multiplicity, Coordinates

Wyckoff letter, O

Site symmetry (0,0,0)+  (3,7,3)+

16k 1 (D x,y,2 () x5,z 3 x+3,y+3,2 B x+3,5+3,2
() %,5,2 (6) x,y.Z (M x+3,9+75,2 (®) X+3,y+ 71,2

8 .] m ‘x7y70 ‘f7)_}70 ‘f+%’y+%70 .x+%,)_}+%’0

8 l 2 07%7Z %7072 07%’2 %707Z

8 h 2 O7O7Z %7%72 0707Z %’%7Z

8 2 07y7% 07)77% 07)77% 07y7%

8 f 2 xaoai Xaoa% Xaoa% x707%

8 e 1 EN i T I

4 d ..2/m 1,0,0 0,3,0

4 ¢ ..2/m 0,0,0 1,3,0

4 b 222 3,03 3,03

4 a 222 0,0, 0,0,3

Symmetry of special projections

Along [001] c2mm Along [100] p2mm
a—=a b =b a=3 b = ic
Origin at 0,0, z Origin at x,0,0

Maximal non-isomorphic subgroup

a =ic
Origin at 0,y,0

Ibam

Reflection conditions

General:

hkl

0kl -
hol :
hkO :
h00 :
0k0 :
00! :

ch+k+1=2n
k,l =2n
h,l=2n
h+k=2n
h=2n
k=2n
l=2n

Special: as above, plus

no extra conditions

hkl

hkl -

hkl -

hkl -

hkl -

hkl -

hkl -

hkl -

hkl

:1=2n
l=2n
l=2n
l=2n
k,l=2n
l=2n
l=2n
l=2n

cl=2n

Along [010] p2mm
b’ = ia

I [211b2m (Ima2, 46) (1; 3; 6; 8)+
[2112am (Ima?2, 46) (1; 4; 6; 7)+
[211ba?2 (45) (1; 25 75 8)+
[211222(23) (1; 2; 3; 4)+
[21112/a1(C2/c,15) (1 3; 5; 7)+
[2112/b11(C2/c,15)  (1; 4; 5; 8)+
[217112/m(C2/m,12) (1 2; 5; 6)+

IIa [2]Pcan(Pbcn, 60) 1; 3,5 7; (2; 4, 6, 8)+ (4,5,1)
[2] Pben (60) 15 45 5; 8 (25 3; 6; 7)+ (4, 4,1)
[2] Pbem (57) 1; 3; 6; 8 (2; 4, 5, 7)+ (4,4,1)
[2] Pcam (Pbcm, 57) 1; 4,6, 7, (25 3, 5; 8)+(3,4,1)
[2] Pcen (56) 1;2; 3,4, (5;6; 75 8)+ (3,5, %)
[2]1 Pbam (55) 1; 2; 3; 4, 5,6, 7; 8
[2] Pban (50) 1; 2,7, 8 (3; 4, 5, 6)+ (3,5, 3)
[2] Pcem (49) 152,565 (3; 45 75 8)+ (4, 5,1)

IIb none

(Continued on preceding page)
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International Tables for Crystallography (2006). Vol. A, Space group 73, pp- 328-329.

27
i b cad D2h mmm Orthorhombic
No. 73 I 21/b 21/6' 21/61 Patterson symmetry Immm

| 121
1323 I23%
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e | : : ! s | |
o~ e QessccesflleccecsaQroccoccfllecccene — N\“ — s ] e —— Q) — c— ) — a—
Il S s S A S e e i i e
= N ) 1 ‘
PO l__?_._?__?__? —_— P , ........ (l) ........ . ........ c=> ........ . —
e S e e R B
O I T A bl
2, 2, 2,
IT3%
1
g 1 1 1
l AT N O A
T T -© Ok +0 Ok -0 OF
TR -0 [0 FO[O- FO| O
- . ....... (I) ....... . ....... ? ....... . —
CSIS S S S T 0| 0- +0 | @ +0 | O-
2 A A A -0 [OF -0 OF 0 | O
=~ .
SR N W T
b -0 | Q4 +O | OF -0 | O
I E l 1 1 . 1 :
- b __é,__’__o — O O+ O ©- +O O+
g g
T A
Origin at 1 at cab
Asymmetricunit 0<x<j; 0<y<3; 0<z<3
Symmetry operations
For (0,0,0)+ set
(1) 1 (2) 2(0707%> zl_uoaz (3) 2<0a%70) O?y?% (4) 2<%a0a0) )C,J—UO
(5) 1 0,0,0 6) a x,y3 (7 ¢ x,5.2 ®) b 13z
For (3,3,3)+ set
() 1(5,3,3) )2 0,3,z 32 1,50 4 2 x,0,z
G 1 553 ) b xy,0 (7 a x,0,z ®) ¢ 0,z
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

16 f 1 (1) x,y,z
(5) x5,z
8 e 2 0,3,z
8 d .2 3.0
8 ¢ 2.. x,0, 1
8 b 1 Hid
8 a 1 0,0,0

No. 73

(1); #(1,0,0); £(0,1,0); £(0,0,1); #(3,3,3); (2); (3); (5)

Coordinates

(0,0,0)+

(2) X+3.5,2+
(6) x+5,%,2+3

B) Xy+s:2+;:
(D x,y+ 352+

) x+5.5+3,2
(8) ¥+3,y+3,2

3 = 1 3 = 1 1
07Z>Z+§ 0aZ>Z 0>Zaz+_
1 51 3 o 3 1
Y3 Zay>0 )3
= 1 3 = 3 1 1
X+E7O7Z x7071 x+57073
33 331 313
49494 49 49 4 49 49 4
1 1 1 1 1 1
anai Oaivi 57570

Symmetry of special projections
Along [001] p2mm

Along [100] p2mm

a =!la b =ib a'=3b b = jc

Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups

I [211bc2(Iba2,45)  (1;2; 7; 8)+
[211b2a(Iba2,45)  (1; 3; 6; 8)+
[2112ca(Iba2,45) (1 4; 6; )+
[2112,2,2, (24) (1; 2; 3; 4)+
[217112/a(C2/c,15) (1; 2; 5; 6)+
[21112/c1(C2/c,15) (1; 3; 5; 1)+
[2172/b11(C2/c,15)  (1; 4; 5; 8)+

IIa [2]Pbca(6]) 1; 2; 3; 4, 5, 6; 7; 8
[2] Pcab (Pbca,61) 15 2; 3; 4; (5; 6; 7; 8) + (4,1,
[2]Pcaa(Pcca,54)  1;2;5;6; (3; 4, 7; 8)+ (3,1,
[2]1Pccb (Pcca, 54) 1; 3,5, 7; (2; 4; 6; 8)+ (4,1,
[21Pbab (Pcca, 54) 1; 4,58, (2; 3,6, 7)+ (3,3,
[21Pbch (Pcca, 54) 1;2;7; 8 (3; 45 5, 6)+ (3,1,
[21Pbaa(Pcca, 54) 1; 3, 6; 8 (2; 4,5, 7)4 (3,3,
[2]1 Pcca (54) 1; 4,6, 7; (2; 3; 55 8)+ (3,1,

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]/bca(a =3aorb =3borc =3¢)(73)

Minimal non-isomorphic supergroups
I (2114, /acd (142); [3]1a3 (206)

II [21Aemm (a' = ia) (Cmme, 67); [2] Bmem (b' = ib) (Cmme, 67); [2] Cmme (¢’ = ic¢) (67)

RO = 1= B = 1= 12— ] 12—
— e e e

329

Ibca

Reflection conditions

General:

Wkl © h+k+1="2n
Okl : k,l=2n
hOl : h,l=2n
hkO : h,k=2n
h00: h=12n

0kO : k=2n

00l : [=2n

Special: as above, plus
hkl © 1=2n

hkl : k=2n

hkl : h=2n

hkl @ k,l=2n

Wkl : k.0 =2n

Along [010] p2mm
b =1a
Origin at 0,y,0



International Tables for Crystallography (2006). Vol. A, Space group 74, pp- 330-331.

Imma D,

mmm Orthorhombic
No. 74 I 21/m 21/7}’1 21/61 Patterson symmetry Immm
[ J2ip i
1
r 1 1 L 1 1
I A A N G “ S N S C
Tt T T T T T
i T T 1 : 1 :
— e m e — SR SR SV SN ¢ S
ET ? | ? | ? i is ? ?
" | 1
£ A A A o i——9
SR S T T : N
e e B s e e
N A N A I
]
I e A T YT
A S
Bop ot OE ot
‘—?—”"‘?—T—$—' © @ 0 O -0 O
i T Lo -O| 0O+ @ |- -O| 0O
T e § ........ o § ........ i _;.
S VR I S I 10 | O-1-0 | O+ 10 | OF-
“15 | | | %"’@ @%_ %—O O %+® %_
e hgh g
%'9:9:% -0+ 0|0 0|0
.._é__L_Q__I__o_, -0 Or -0 O~ -0 O
O A
Origin at centre (2/m) at2/m2,/nb
Asymmetric unit 0<x<i 0<y<i; 0<z<lI
Symmetry operations
For (0,0,0)+ set
(H 1 2)2 0,52 (3) 2(0,3,0) 0,y,0 4 2 x,0,0
(5) 1 0,0,0 6) b x,y,0 (T m x,3,2 (8) m 0,y,z
For (3,1,4)+ set
(1) t_<%>%’%> (2) 2(0707%> %,O,Z (3) 2 417)’,% (4) 2(%70,0) xa%,%
&)1 153 6) a x,y3 (7) n(3,0,7) x,0,z (®) n(0,3,3) 1,32

Maximal isomorphic subgroups of lowest index
IIc  [3]Imma(a =3aorb’ =3b)(74); [3] Imma (¢ = 3c) (74)

Minimal non-isomorphic supergroups
I [2114,/amd (141)
II [21Ammm (a' = 1a) (Cmmm, 65); [2] Bmmm (b’ = 1b) (Cmmm, 65); [2]Cmme (¢’ = 1¢) (67)
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

16 j 1 ) x,y,z
(5) x5,z
8 i .m. X, 3,2
8 h m 0,y,z
8 2 LY
8 f 2 x,0,0
4 e mm?2 0,1,z
4 d .2/m. a3
4 ¢ 2/m. i
4 b 2m.. 0,0, !
4 a 2/m.. 0,0,0

(1); ¢

No. 74

(1,0,0); £(0,1,0); £(0,0,1); #(3,3,3); (2); (3); (5)
Coordinates

(0’0’0)+ (%7%’%)+
2 %,5+3,2 (3) X,y+3,2 @) x,3,z
(6) x,y+3,Z (M x,5+3,2 (8) x,5z
27%7Z X7%7Z x7%72

O?y_—’—%?Z 07y+%’z 07.)_}?2

Y+ 1,3 19,1 »Yt1,3

f?%’O f7070 x7%70

0,7,z

313

4949 4

311

4949 4

0,3,3

0,3,0

Symmetry of special projections

Along [001] p2mm
a=1la b'=1b
Origin at 0,0,z

Along [100] c2mm
a=b b =c

Origin at x, 1, 3

Maximal non-isomorphic subgroups

I [21Im2b(Ima2, 46)
[2112mb (Ima?2, 46)
[21Imm?2 (44)
[2]112,2,2,(24)
[211112/b(C2/c, 15)
[21112/m1(C2/m, 12)
[2112/m11(C2/m, 12)

IIa [2]1Pnma(62)
[2]1Pmnb (Pnma, 62)
[2]1Pnmb (Pmna, 53)
[2]1 Pmna (53)

[2] Pnna (52)

[2] Pnnb (Pnna, 52)
[2] Pmma (51)
[21Pmmb (Pmma, 51)

IIb none

(Continued on preceding page)

(1; 3; 6; 8)+

(1; 4 6; T)+

(1; 2, 7; 8)+

(1; 2; 3; 4)+

(1; 2; 5, 6)+

(1; 3; 5, T)+

(1; 45 55 8)+

153, 5, 7; (25 4; 6; 8)+(3,4,%)
1;3; 6, 8 (2; 4, 5;7)+ (4,4,1)
1; 4, 6; 7; (25 3; 5; 8)+(3,3,4)
1; 45 5; 8 (25 3; 6; 7)+ (4,4,1)
1;2; 3, 4; (5: 6, 7; 8) + (4,4,4)
152, 5, 6; (3; 4 7; 8)+(4,4,1)
1; 2, 7; 8 (3; 45 5, 6)+(4,4,1)
1; 2; 3,4, 5,6, 7, 8

331

Imma

Reflection conditions

General:

hkl

ch+k+1=2n
0kl :
hol :
hkO :
h00 :
0kO0 :
00! :

k+1=2n
h+1=2n
h,k=2n
h=2n
k=2n
l=2n

a=c
Origin at 0,y,0

Special: as above, plus
no extra conditions

no extra conditions
hkl : h=2n

hkl @ k=2n

no extra conditions

hkl : h=12n
hkl : h=12n
hkl : h=2n
hkl : h=2n

Along [010] ¢c2mm
b'=a
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P4 Ci 4 Tetragonal

NO. 75 P 4 Patterson symmetry P4/m
O O
+O +O
¢ . ¢ O+ O+
0 Q
' L 4 '
O O
+O +O
. ' . 5 o
0 0
Origin on 4

Asymmetric unit 0<x<i; 0<y<i; 0<z<I1
Symmetry operations
(1) 1 (2) 2 0,0,z (3) 4" 0,0,z 4) 4 0,0,z

Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (3)

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry General:

4 d 1 (D) x,v,z 2) x,9,z 3) ¥,x,z 4) y, %,z no conditions
Special:

2 ¢ 2.. 0,3,z 1,0,z hkl : h+k="2n

1 b 4.. 13,2 no extra conditions

1 a 4.. 0,0,z no extra conditions

Symmetry of special projections

Along [001] p4 Along [100] p1m1 Along [110] p1m1

a—a b =b a=>b b =c a’=;(—a-+b) b =c

Origin at 0,0,z Origin at x,0,0 Origin at x, x,0

Maximal non-isomorphic subgroups

I [21P2(3) 1;2

IIa  none

IIb [2]P4,(c =2¢)(77); [2] F4 (a =2a,b =2b,¢' = 2¢) (14, 79)

Maximal isomorphic subgroups of lowest index
Ilc [2]P4(¢ =2¢)(75);[2]1C4 (a’ = 2a,b’ = 2b) (P4, 75)

Minimal non-isomorphic supergroups
I [2]1 P4/m (83); [2] P4/n(85); [2]1 P422(89); [2]1 P42,2(90); [2] P4mm (99); [2] P4bm (100); [2] P4cc (103); [2] P4nc (104)
I [2114(79)
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International Tables for Crystallography (2006). Vol. A, Space group 76, p. 333.

2
Tetragonal 4 C4 P 41
Patterson symmetry P4/m P 41 No. 76
e v
O O
&, ‘ /Q, %*O %+O
O+ O+
O O
3+ 34
1+ 1+
O O
/Q’ ’ &, +O *+O
O+ O+
0O o
s %+
Origin on 4,
Asymmetric unit 0<x<i; 0<y<i; 0<z<1
Symmetry operations
(H 1 (2) 2(0,0,5) 0,0,z (3) 4°(0,0,3) 0,0,z 4) 4°(0,0,3) 0,0,z
Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (3)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 a 1 (1)x>y7Z (2) )E,}_},Z-i-% (3) )7,X,Z+§ (4) %faZ‘f'% 00l : I=4n
Symmetry of special projections
Along [001] p4 Along [100] p1g1 Along [110] p1g1
a=a b =b a=>b b =c a =1i(—a+b) b =c
Origin at 0,0,z Origin at x,0,0 Origin at x, x,0

Maximal non-isomorphic subgroups
I 21P2,(4) 1;2

IIa none

IIb  none

Maximal isomorphic subgroups of lowest index
IIc [2]C4, (a'=2a,b'=2b)(P4,,76); [3] P4, (¢ = 3c) (78); [5] P4, (¢ = 5¢) (76)

Minimal non-isomorphic supergroups
I (2] P4,22(91); [2] P4,2,2(92)
II [2]174, (80); [2]1 P4, (¢ = 3¢) (77)
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International Tables for Crystallography (2006). Vol. A, Space group 77, p. 334.

3
P 42 C4 4 Tetragonal

NO. 77 P 42 Patterson symmetry P4/m

Nof—
+
=
+

©)
©)

NI—
+
N—
+

Nl—
[N

O O
+O +O
$——1—s 5 o

0 0

5+ 3+
Origin on2 on 4,
Asymmetric unit 0<x<i; 0<y<i; 0<z<I1
Symmetry operations
(H 1 (2)2 0,0,z (3) 4'(0,0,5) 0,0,z (4) 4°(0,0,5) 0,0,z
Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (3)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 d 1 (1) x,y,z (2) x5,z 3) y,x,2+ 3 @ y.x,z+3 00/ : I=2n

Special: as above, plus

2 ¢ 2 0,1,z 5,0,z+3 hkl © h+k+1=2n
2 b 2 3,5:2 3,5,2+F 3 hkl : 1 =2n

2 a 2.. 0,0,z 0,0,z+ 1 Wkl : 1 =2n
Symmetry of special projections

Along [001] p4 Along [100] p1m1 Along [110] p1m1

a=a b=b>b a=b b=c a=ji(—a+b) b=c

Origin at 0,0,z Origin at x,0,0 Origin at x, x,0

Maximal non-isomorphic subgroups

I 2]1P2(3) 1;2

IIa none

IIb [2] P4, (¢ =2¢)(78); [2] P4, (¢ =2¢) (76); [2] F 4, (a' =2a,b' =2b,¢ = 2c) (/4,, 80)

Maximal isomorphic subgroups of lowest index
IIc [2]C4,(a’=2a,b' =2b)(P4,,77); [3]1 P4, (¢ =3¢)(77)

Minimal non-isomorphic supergroups

I [2] P4,/m (84); [2] P4,/n (86); [2] P4,22 (93); [2] P4,2,2 (94); [2] P4,cm (101); [2] P4, nm (102); [2] P4, mc (105);
[2] P4,bc (106)

I [2]114 (79); [2] P4 (¢’ = ¢) (75)
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International Tables for Crystallography (2006). Vol. A, Space group 78, p. 335.

4
Tetragonal 4 C4 P 43
Patterson symmetry P4/m P 43 NO. 78
%+ %+
O O
* 0 ¢ 3+O 3O
O+ O+
O O
it %+
3+ 3+
O O
> ’ % +O 1+O
O+ O+
© O
it it
Origin on 4,
Asymmetric unit 0<x<i; 0<y<i; 0<z<1
Symmetry operations
(H 1 (2) 2(0,0,5) 0,0,z (3) 4°(0,0,3) 0,0,z 4) 4°(0,0,5) 0,0,z
Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (3)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 a |1 (1) x,y,2 ) x,3,2+3 (3) y.x,z+3 4y, %2+ 007 = [ =4n
Symmetry of special projections
Along [001] p4 Along [100] p1g1 Along [110] p1g1
a=a b =b a=>b b =c a =1i(—a+b) b =c
Origin at 0,0,z Origin at x,0,0 Origin at x, x,0

Maximal non-isomorphic subgroups
I 21P2,(4) 1;2

IIa none

IIb  none

Maximal isomorphic subgroups of lowest index
IIc [2]C4,(a’=2a,b' =2b)(P4,,78); [3] P4, (¢ =3c) (76); [5] P4, (¢ = 5¢) (78)

Minimal non-isomorphic supergroups
I [2]1 P4,22(95); (21 P4,2,2(96)
II [2]174, (80); [2]1 P4, (¢ = 3¢) (77)
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International Tables for Crystallography (2006). Vol. A, Space group 79, pp- 336-337.

5
4 C4 4 Tetragonal
NO. 79 I 4 Patterson symmetry 14/m
O O
+O O
¢ ‘ * O+ O+
.o ° L9
O
NG
R L .
o 5 :
O 2* O
+O +O
* § * O+ O+
0 0
Origin on 4
Asymmetric unit 0<x<i; 0<y<!i; 0<z<!d
Symmetry operations
For (0,0,0)+ set
(1 (2)2 0,0,z (3) 47 0,0,z (4) 40,0,z
For (3,4,)+ set
(D #(5,3,3) (2) 2(0,0,5) 3.3,z (3) 4(0,0,5) 0.5,z 4) 4°(0,0,5) 3,0,z
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CONTINUED

Generators selected (1);

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

8 ¢ 1 D) x,y,z
4 b 2.. 0,1,z
2 a 4.. 0,0,z

1(1,0,0); £(0,1,0); #(0,0,1); #(3,3,3); (2); (3)

Coordinates
(0’0’0)+ (%7%’%)+
(2) %3,z (3) y,x,z 4) y,%,z

Symmetry of special projections

Along [001] p4
a =1i(a—b)
Origin at 0,0,z

b =1(a+b)

Along [100] c1m1
a=b b'=c
Origin at x,0,0

No. 79

Reflection conditions

General:

hkl : h+k+1=2n
hkO: h+k=2n
Okl : k+1=2n
hhl : 1 =2n

00l : I=2n

h00: h=2n

Special: as above, plus

hkl : 1=2n

no extra conditions
Along [110] p1m1

a’ =1i(—a+b) b =ic
Origin at x,x,0

Maximal non-isomorphic subgroups
I [2112(C2,5) (1; 2)+

Ma [2]P4,(77) 12 (3; 4)+ (4,49
[2] P4(75) 02 3; 4

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]174(¢ =3¢)(79); [5]114(a =a+2b,b'=—2a+bora =a—2b,b'=2a+b)(79)

Minimal non-isomorphic supergroups
I [21714/m (87); [211422(97); [21I4mm (107); [2]114cm (108)
II  [2]1C4(c =ic)(P4,75)

337
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i 41 Cj 4 Tetragonal
NO. 80 I 41 Patterson symmetry 14/m
%
+ O +
' ' ' ° 5 2
+ 1+O +
4
* 24 . L
O i O
' ' ' s
0 * 50
&, \§\ 4 %+ 3
+ O +
O O
' ' ' . 5
+ lp +
4
Origin on 2
Asymmetric unit 0<x<i; 0<y<l; 0<z<
Symmetry operations
For (0,0,0)+ set
(]) 1 (2) 2(0707%) %7%>Z (3) 4+<0707%) _%7%az (4) 47<0a0a%) %a_}nz
For (4,4,1)+ set
(M) 1(3,3,3) (2)2 0,0,z (3) 4(0,0,3) 1,5,z 4) 4°(0,0,3) 1,52
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CONTINUED

No. 80

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); #(3,13,3); (2); (3)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, L
Site symmetry (0,0,0)+  (3,7,3)+ General:
8 b 1 (1)x7y7z (2).%4’%,_)_7‘}’%,24’% (3)}7,x+%72+i (4)y+%7fvz+% hkl N h+k+l:2n
hkO: h+k=2n
Okl : k+1=2n
hhl : 1 =2n
00l : I=4n
h00: h=2n
Special: as above, plus
4 a 2 0,0,z 0,3,2+3 hkl : 1=2n+1
or 2h+1=4n

Symmetry of special projections
Along [001] p4
a=j(a—b)

Origin at 1,4,z

Along [100] c1m1
a=b b=c
Origin at x,0,0

b =i(a+Db)

Maximal non-isomorphic subgroups

I [2112(C2,5) (1; 2)+

Ma [21P4,(78)  1;2; (3; 4)+(4,4,9)
[2] P4, (76) 1; 2; 3, 4

IIb none

Maximal isomorphic subgroups of lowest index

Along [110] p1m]1
a =;(—a+b)
Origin at x,x,0

1
b’:5c

IIc  [3]74,(c =3¢)(80); [5]174,(a’ =a+2b,b’'=—-2a+bora =a—2b,b'=2a+b)(80)

Minimal non-isomorphic supergroups
I [2174,/a (88);[2114,22(98); [2]14,md (109); [2]114,cd (110)
II [2]1C4, (¢ = 3¢) (P4,,77)

339
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P4 S, i

Tetragonal
No. 81 P4 Patterson symmetry P4/m
® )
+QO +O
o ' ® O+ O+
O O
' ® '
0] )
e Ne)
® ’ ® O+ O+
® ®
Origin at 4
Asymmetric unit 0<x<i; 0<y<i; 0<z<I1
Symmetry operations
(1 2) 2 0,0,z (3) 47 0,0,z; 0,0,0 4) 4 0,0,z; 0,0,0

Copyright © 2006 International Union of Crystallography 340


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o081/

CONTINUED No. 81 P4

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

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry General:

4 h 1 (D) x,v,z 2) x,9,z 3) v,x,Z @) y,x,Z no conditions
Special:

2 g 2. 0,1,z 1,0,Z hkO: h+k=2n

2 f 2.. 13,2 13,7 no extra conditions

\®)

Q

\S)
=
=
N
=
=
Il

no extra conditions

no extra conditions

,_.
L
N

=

2=
o=

,_.
o
N

=

0=
o

no extra conditions

N

1 b ,0,1 no extra conditions

1 a 4.. ,0,0 no extra conditions

Symmetry of special projections

Along [001] p4 Along [100] p1m1 Along [110] p1m1
a=a b =b a=>b b=c a =1i(—a+b) b =c
Origin at 0,0,z Origin at x,0,0 Origin at x, x,0

Maximal non-isomorphic subgroups

I [21P2(3) 1;2

IIa none

IIb [2]F4(a =2a,b =2b,c =2c¢)(4,82)

Maximal isomorphic subgroups of lowest index
IIc [2]P4(c =2¢)(81);[2]C4 (a’ =2a,b =2b) (P4, 81)

Minimal non-isomorphic supergroups

I [2]1 P4/m (83); [2] P4,/m (84); [2] P4/n (85); [2] P4,/n (86); [2] P42m (111); [2] P42 (112); [2] P42 m (113); [2] P42 ¢ (114);
[2] P4m?2 (115); [2] P4c2 (116); [2] P4b2 (117); [2] P4n2(118)

I [2]174 (82)

341
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— ’ _
4 S 4 4 Tetragonal
No. 82 14 Patterson symmetry 14/m

O] O]
+O +O
® ¢ ® 5 o
0 0 O O
O,
L0
& ® %> : on
¢ ] 5 P -
| © ¥ ®
q +O +O
® @ ® 5 O
© ©
Origin at 4
Asymmetricunit 0<x<}; 0<y<}; 0<z<}
Symmetry operations
For (0,0,0)+ set
(H 1 2) 2 0,0,z (3) 47 0,0,z; 0,0,0 (4) 4 0,0,z; 0,0,0
For (4,3, 1)+ set
(M #(5,3,3) (2) 2(0,0,5) 5.1,z (3) 4" 3,0,z 5,0,5 4) 4 0,5,z 0,55
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CONTINUED No. 82

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); #(3,13,3); (2); (3)

Positions

Multiplicity, Coordinates
Wyckoff letter, L
Site symmetry (0,0,0)+  (3,7,3)+
8 ¢ 1 (1) x,y,z (@) x5,z 3) %2 ) y,x,2
4 f 2. 0,7,z 3,0,2

4 e 2 0,0,z 0,0,z

2 d 4.. 0,3,3

2 ¢ 4.. 0,3,1

2 b 4.. 0,0,3

2 a 4.. 0,0,0

Symmetry of special projections

Reflection conditions

General:

hkl -
hkO :
tk+1=2n
hhl -
00! :
h00 :

Okl

h+k+1=2n
h+k=2n

l=2n
l=2n
h=2n

Special: no extra conditions

Along [001] p4 Along [100] c1m1 Along [110] p1m1
a =1i(a—b) b =1i(a+b) a=b b=c a’ =1i(—a+b)
Origin at 0,0,z Origin at x,0,0 Origin at x,x,0

Maximal non-isomorphic subgroups
I [2112(C2,5) (1; 2)+
IIa [2]P4(81) 1; 2; 3; 4

[2] P4 (81) 1;2; (3 4)+(4,40)
IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]74(¢ =3¢)(82);[S]I4(a’ =a+2b,b'=—2a+bora =a—2b,b'=2a+b)(82)

Minimal non-isomorphic supergroups
I [2]174/m (87); [2]114,/a (88); [2]1 14m?2 (119); [2] [4c2 (120); [2]142m (121); [2]142d (122)
II [21C4 (¢ = ic) (P4, 81)

343
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Tetragonal

Patterson symmetry P4/m

No. 83 P4/m
‘ ©
° ° @
¢ -
©
0 o 0
©
+D-
° L2
0 o
54
Origin at centre (4/m)
Asymmetric unit 0<x<i; 0<y<i; 0<z<3
Symmetry operations
(1) 1 )2 0,0,z (3) 47 0,0,z @) 4 0,0,z
6)1 00,0 6) m x,y,0 (7) 4* 0,0,z; 0,0,0 (8) 4 0,0,z; 0,0,0
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CONTINUED No. 83 P4/m

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 1 1 (1) x,y,z (2 x,9,z (3) y,x,z 4) y,%,7 no conditions
(5) x,5,2 (6) x,y.Z (7 y, %,z (8) y,x,2

Special:
4 k m XY, 5 %9, V,X, 5 VX, 5 no extra conditions
4 j m x,9,0 x,7,0 ¥,x,0 ,%,0 no extra conditions
4 02 0,3,2 3,0,z 0,4,z 1,0,z hkl : h+k=2n
2 h 4 1.3, 1.5.7 no extra conditions
2 g 4.. 0,0,z 0,0,z no extra conditions
2 f 2/m.. 0,5,3 3,03 hkl : h+k=2n
2 e 2/m.. 0,3,0 £,0,0 hkl : h+k=2n
1 d 4/m.. 14,3 no extra conditions
1 ¢ 4/m.. 13,0 no extra conditions
1 b 4/m.. 0,0, no extra conditions
1 a 4/m.. 0,0,0 no extra conditions

Symmetry of special projections

Along [001] p4 Along [100] p2mm Along [110] p2mm
a=a b=b a=b b =c a=i(—a+b) b =c
Origin at 0,0,z Origin at x,0,0 Origin at x, x,0

Maximal non-isomorphic subgroups
I [2]1 P4 (81) 1; 2; 7; 8
[21 P4 (75) 1; 2; 3
[21P2/m(10) 1;2;5
IIa none

Ib  [2]P4,/m(c =2¢)(84); [2]C4/e (a’ = 2a,b’' = 2b) (P4/n, 85); [2] F4/m (a' = 2a,b' = 2b,¢ = 2¢) (I14/m, 87)

; 4
6

s s s

Maximal isomorphic subgroups of lowest index
IIc [2]P4/m(c =2c)(83); [2]C4/m(a’ =2a,b’ =2b) (P4/m, 83)

Minimal non-isomorphic supergroups
I [21 P4/mmm (123); [2]1 P4/mcc (124); [2] P4/mbm (127); [2] P4 /mnc (128)
I [2114/m (87)
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P4,/m Cai

P4,/m
‘7

No. 84

~O
Bl—- O
O

B

N c\:o\

)=

Bl— O
<

B o—I

PN
E Sl
Bl—O

\o\m —_
o
A g

Origin at centre (2/m) on 4,

Asymmetric unit 0<x<3; 0<y<i; 0<z<

D=
=

Symmetry operations

(O 1 (2) 2 0,0,z
)1 0,0,0 ©6) m x,,0

(3) 47(0,0,3) 0,0,z
(7) 47 0,0,z; 0,0,3

Copyright © 2006 International Union of Crystallography

4/m Tetragonal

Patterson symmetry P4/m

& ©
+®- +@®- ¥
%_ _®+ 1 _®+
& ®
5 S
+@- |* +@- |7
%_ —®+ %_ —®+
l@ S
5+ %+

(4) 4°(0,0,3) 0,0,z
(8) 47 0,0,z 0,0,3
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No. 84

CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8 k 1 (1) x, 3.2 (2) x5,z (3) y,x,z2+3 4 y X2+
(%) x,5,2 (6) x,y.Z (M) y.%,2+ 3 (®) ¥,x,2+ 3

4 J m x7y70 ‘f’y70 )_}"x % y?‘f?%

4 l 2 0’%’Z %707Z+% 0’%72 %’07Z+%

4 h 2 31,2 31,2+ 3 31,2 51,2+

4 g 2 0,0,z 0,0,z+4 3 0,0,z 0,0,7+ 3

2 f 4. 3103 e

2 e 4 0,0,z 0,0, 3

2 d 2/m.. 0,14 3,0,0

2 ¢ 2/m.. 0,1,0 1,0,1

2 b 2/m.. L0 LLd

2 a 2/m.. 0,0,0 0,0,3

Symmetry of special projections
Along [001] p4

a=a b'=b

Origin at 0,0,z

Along [100] p2mm
a=hb b'=c¢
Origin at x,0,0

a=ji(—a+b)
Origin at x, x,0

Maximal non-isomorphic subgroups

I [2]1 P4 (81) 1; 2, 7; 8
[21 P4, (77) 1; 2; 3; 4
[21P2/m(10) 1;2;5; 6

IIa none

Ib  [2]C4,/e(a =2a,b =2b)(P4,/n, 86)

Maximal isomorphic subgroups of lowest index
IIc [2]C4,/m(a’ =2a,b' =2b) (P4,/m, 84); [3] P4,/m (¢ =3c)(84)

Minimal non-isomorphic supergroups
I [2]1 P4,/mmc (131); [2] P4,/mcm (132); [2]1 P4,/mbc (135); [2] P4,/mnm (136)
II  [2174/m(87); [2] P4/m (¢ = Lc) (83)

347

P4,/m

Reflection conditions

General:

00l : I=2n

Special: as above, plus

no extra conditions
hkl : h+k+1=2n
hkl : 1 =2n
hkl : 1 =2n
hkl : 1 =2n
hkl : 1 =2n
hkl : h+k+1=2n
hkl : h+k+1=2n
hkl : 1 =2n

hkl : 1 =2n

Along [110] p2mm

b =c
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P4/n Cs

No. 85 P4/n
ORIGIN CHOICE 1
P» * ®
. ® .
P * P

Origin at 4 onn, at —1,%,0 from 1

Asymmetric unit 0<x<i; 0<y<i; 0<z<3
Symmetry operations

(H 1 2) 2 0,0,z (3) 4 0,3,z

B) 1 1,10 (6) n(3,3,0) x,y,0 (7) 4+ 0,0,z; 0,0,0

Copyright © 2006 International Union of Crystallography

348

4/m Tetragonal
Patterson symmetry P4/m
O] O]
+O +O
O+ O+
O, . O]
= o) =
-©
-
_ O _
© ' ©
+O +O
O+ O+
O, O]
4) 4 1,0,z

(8) 47 0,0,z; 0,0,0


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o085/

CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8§ ¢ 1 (1) x,y,2 () x5,z B)y+3x+3,2
(S) x+3,9+1.2 (6) x+3,y+73,2 (N y,%,2

4 .f 2 070’Z %7%7Z %7%’2 0707Z

4 e 1 13 S it ST

4 d I %7%a0 %a%70 %,%,O %74170

2 ¢ 4.. 0,3,z $,0,Z

2 b 4 0,0, 5 3,53

2 a 4.. 0,0,0 53,0

Symmetry of special projections
Along [001] p4
a =i(a—b)

Origin at 0,0,z

Along [100] p2mg
a=>b b'=c
Origin at x, 1,0

b =1i(a+b)

Maximal non-isomorphic subgroups

I [2]1 P4 (81) 1;2,7; 8
[2] P4 (75) 1; 2; 3; 4
[21P2/n(P2/c,13) 1;2;5; 6

IIa none

IIb [2]P4,/n(c =2¢)(86)

Maximal isomorphic subgroups of lowest index

IIc  [2]P4/n(c =2¢)(85);[5]P4/n(a =a+2b,b'=—2a+bora =a—2b,b

Minimal non-isomorphic supergroups

I [2]1 P4/nbm (125); [2] P4 /nnc (126); [2] P4/nmm (129); [2] P4 /ncc (130)

Il [21C4/m(P4/m,83); [2]114/m (87)

349

No. 85 P4/n

Reflection conditions

General:

hkO: h+k=2n
h00: h=2n

@) y+3,5+35,2
8) y,x,2

Special: as above, plus
hkl : h+k=2n

hkl @ h,k=2n

hkl @ h,k=2n

no extra conditions
hkl : h+k=2n

hkl : h+k=2n

Along [110] p2mm
a'=(~a-+b)
Origin at x, x,0

b=c

=2a+b)(85)



3
P4 / n C4h 4/m Tetragonal
No. 85 P4 / n Patterson symmetry P4/m

ORIGIN CHOICE 2

S 0
+O
* P
O+ .\ O+
o o (e] O
O,
-O -0
P *
_ ©-
o o) (e] @ @
O O
+ +
+O
Origin at T on n, at £, —1,0 from 4
Asymmetricunit  —}<x<l; —1<y<l 0<z<!
Symmetry operations
(H 1 )2 3,52 (3) 4" 1,52 4) 4 1,5z
(5) l OaOaO (6) n(%?%ao) x,y,O (7) 4+ %77%7Z; %77%70 (8) 47 7%7%7Z; 7417%70
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

8 g 1 (D x,y,z 2)x+1,y+4.2 3) y+1,x,2
() %3,z (6) x+35,y+73,2 (M y+1.%2

4 f 2 1,22 34:2 hiZ 03,2

4 e 1 0,0, 3 333 3,03 0,3,3

4 d 1 0,0,0 110 10,0 0,1,0

2 ¢ 4 iz iz

2 b 4 5 N

2 a 4.. 1,30 1,0

Symmetry of special projections
Along [001] p4
a =i(a—b)

Origin at 1, 1,2

Along [100] p2mg
b =1i(a+b) a=>b b =c
Origin at x,0,0

Maximal non-isomorphic subgroups

I [2]1 P4 (81) 1;2,7; 8
[2] P4 (75) 1; 2; 3; 4
[21P2/n(P2/c,13) 1;2;5; 6

IIa none

IIb [2]P4,/n(c =2¢)(86)

Maximal isomorphic subgroups of lowest index

No. 85 P4/n
Reflection conditions
General:
@) y,x+ 1,2 hkO: h+k=2n
®) y,x+1,Z h00: h=2n

Special: as above, plus
hkl : h+k=2n

hkl @ h,k=2n

hkl @ h,k=2n

no extra conditions
hkl : h+k=2n

hkl : h+k=2n

Along [110] p2mm
a’ =ji(—a+b) b =c
Origin at x, x,0

IIe [2]1P4/n(c¢' =2¢)(85); [S1P4/n(a =a+2b,b'=—2a+bora =a—2b,b/ =2a+b)(85)

Minimal non-isomorphic supergroups

I [2]1 P4/nbm (125); [2] P4 /nnc (126); [2] P4/nmm (129); [2] P4 /ncc (130)

Il [21C4/m(P4/m,83); [2]114/m (87)

351



International Tables for Crystallography (2006). Vol. A, Space group 86, pp. 352-355.

4
P 42 / n C4h 4/m Tetragonal
No. 86 P 42 / n Patterson symmetry P4/m

ORIGIN CHOICE 1

' : 0 ©
O +O

@ ¢ @ - o.
o} o} @ 3t (:)
O
2O
@ 2
s s o
ol ol - lO -
“ “ © ¥ ©
® ¢ ® O ue,
O+ O+
© o
Origin at 4, at —1,—1, —! from 1
Asymmetric unit 0<x<3; 0<y<l; 0Lz
Symmetry operations
1 (2)2 0,0,z (3) 4'(0,0,5) 0,3,z 4) 4°(0,0,5) 3,0,z
G 1 15,53 6) n(5,5,0) x,y3 (7) 4° 0,0,z; 0,0,0 (8) 4 0,0,z; 0,0,0
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8 ¢ 1 (Mxyz (2) %9,z B)y+i3.x+3,2+3
G)x+35y+52+: O x+3y+5.24+5 (Dyiz

4 fF 2 0,0,z 552t 552t 0,0,z

4 e 2 07%7Z 07%7Z+% %7072—"_% %7072

4 d 1 I i i T

4 ¢ 1 N i i N

2 b 4.. 0,0, 1,3,0

2 a 4.. 0,0,0 3033

Symmetry of special projections
Along [001] p4
a=j(a—bh)

Origin at 0,0,z

Along [100] p2mg
a=b b=c

Origin at x, 1, 3

b =i(a+Db)

Maximal non-isomorphic subgroups

I [21PA(81) 1;2; 7; 8
[2] P4, (77) 1;2; 3; 4
[21P2/n(P2/c,13) 1;2;5; 6

IIa none
IIb [2]F4,/d (@ =2a,b =2b,¢ =2¢)(4,/a,88)

Maximal isomorphic subgroups of lowest index

No. 86 P4,/n

Reflection conditions

General:

hkO: h+k=2n
00/ : I=2n
h00: h=12n

@ y+3,5+35,2+3
8) y,x,2

Special: as above, plus
hkl : h+k+1=2n

hkl : 1=2n

hkl © h+kh+1,k+1=2n
hkl © h+kh+1,k+1=2n
hkl : h+k+1=2n

hkl : h+k+1=2n

Along [110] p2mm
a’=j(—-a+b)
Origin at x,x, }

b'=c

IIc [3]1P4,/n(c =3¢)(86); [5]P4,/n(a =a+2b,b) = —2a+bora =a—2b,b'=2a+b)(86)

Minimal non-isomorphic supergroups

I [2]P4,/nbc(133); [2] P4,/nnm (134); [2] P4,/nmc (137); [2]1 P4, /ncm (138)

Il [2]1C4,/m(P4,/m, 84); [2]114/m (87); [2]1 P4/n (¢ = Lc) (85)
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4
P 42 / n C4h 4/m Tetragonal
No. 86 P 42 / n Patterson symmetry P4/m

ORIGIN CHOICE 2

[e] o [e]
S 0
+ l_@
@l 2
' ¢ oF O
o (o] o O
O)
1, I
‘ %® O +O
_ O3 _
o o] [¢] @ @
O O
+
80
Origin at Tonn, at &, 1,1 from 4
Asymmetricunit  —}<x<l; —1<y<l 0<z<!
Symmetry operations
(1) 1 (2) 2 %a%az (3) 4_"+(0’0a%) _%7%az (4) 4_"7<0a05%) %’_%,Z
(5) l OaOaO (6) n(%,%,O) x,y,O (7) 4+ %7%72 %7%7% (8) 47 %7}_172; 417}_17%

354



CONTINUED No. 86 P4,/n

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 g 1 (D) x,y,z () x+3,9+1,2 (B) yox+s,2+;: B y+i,52+; hkO: h+k=2n
(5) %,5,2 (6) x+5,y+15,2 (7) y,%+13,2+3 (&) y+5,x4,2+3 00f = [=2n
h00: h=2n

Special: as above, plus

4 f 2. IR ¥4 hhits % ¥4 hits hkl © h+k+1=2n

4 e 2.. %7%7Z %7%7Z+% ./1_”%72 -}Ta%72+% hkl : 1 =2n

4 4 1 0,0, 13,s 0,:,0 £,0,0 hkl © h+kh+1k+1=2n
4 ¢ 1 0,0,0 1,30 0,3, 1,0, hkl © h+kh+1k+1=2n
2 b 4.. 113 331 hkl © h+k+1=2n

2 a 4.. 1 333 hkl : h+k+1=2n
Symmetry of special projections

Along [001] p4 Along [100] p2mg Along [110] p2mm

a=ji(a—b) b =i(a+Db) a=>b b =c a =j(—a+b) b =c

Origin at 1,4,z Origin at x,0,0 Origin at x,x,0

Maximal non-isomorphic subgroups

I [2]1 P4 (81) 1; 2; 7, 8
[21 P4, (77) 1; 2; 3; 4
[21P2/n(P2/c,13) 1;2;5;6

IIa none

Ib [2]F4,/d (@ =2ab =2b,¢ =2¢)(I4,/a,88)

Maximal isomorphic subgroups of lowest index
IIc [3]1P4,/n(c =3¢)(86); [5]P4,/n(a =a+2b,b) = —2a+bora =a—2b,b'=2a+b)(86)

Minimal non-isomorphic supergroups
I [2]1 P4,/nbc (133); [21 P4,/nnm (134); [2] P4,/nmc (137); [2] P4, /ncem (138)
Il [21C4,/m(P4,/m, 84); [2114/m (87); [2] P4/n (¢ = ic) (85)
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[4 / m th 4/m Tetragonal

No. 87 14 / m Patterson symmetry 14 /m

|%: ® <
+(D- +D-

14 é%(l) < ) —®+ I i —GD+
o e S
4 L@ P
fo 0 ¢ [ Tor
o, o8 "
Z% +(P- +(P-
4 é 4 i -D+ i -+
© O

Origin at centre (4/m)

Asymmetric unit 0<x<i; 0<y<!i; 0<z<!

Symmetry operations

For (0,0,0)+ set

(1) 1 2)2 0,0,z (3) 47 0,0,z @) 4 0,0,z

3G) 1 0,0,0 6) m x,y,0 (7) 47 0,0,z; 0,0,0 @®) 4 0,0,z; 0,0,0
For (4,4, 1)+ set

(1) t(3,3,3) (2) 2(0,0,5) i,z (3) 47(0,0,3) 0,3,z 4) 47(0,0,3) 3,0,z
(5) ] %74177% (6) n(%7%70) -xaya% (7) 4+ %,O,Z, %707% (8) 47 Oa%azs Oa%a%
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CONTINUED No. 87 14/m

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(3,1,3); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, L
Site symmetry (0,0,0)+  (3,7,3)+ General:
16 i 1 ) x,v,z 2) x,9,z 3) y,x,z 4) y, %,z hkl : h+k+1=2n
(5) x5,z (6) x,y,2 (7 v %,z ®) y,x,2 hkO = h+k=2n
Okl : k+1=2n
hhl : 1 =2n
00/ : I=2n
h00: h=2n
Special: as above, plus
8 h m.. x,¥,0 x,7,0 ¥,x,0 ,%,0 no extra conditions
8 2 0,52 1,0,z 0,5,2 1,0, hkl : 1 =2n
8 f T %7%7% %a?_ni %>%a% %v%% hkl : k,lzzn
4 e 4 0,0,z 0,0,z no extra conditions
4 d 4 0,3,1 3,0, 1 hkl : 1 =2n
4 ¢ 2/m.. 0,3,0 3,0,0 hkl : 1 =2n
2 b 4/m.. 0,0, 3 no extra conditions
2 a 4/m.. 0,0,0 no extra conditions
Symmetry of special projections
Along [001] p4 Along [100] c2mm Along [110] p2mm
a=j(a—b) b’ =i(a+Db) a=>b b =c a =;(—a+b) b = ic
Origin at 0,0,z Origin at x,0,0 Origin at x,x,0

Maximal non-isomorphic subgroups

I [2174(82) (1; 2; 7; 8)+
[2114(79) (1; 2; 3; 4)+
[2112/m(C2/m,12) (1; 2; 5. 6)+

Ila [2]P4,/n(86) 152,75 8; (3; 4555 6)+(4,4,4)
[2] P4 /n (85) 15 2; 3; 4; (5; 6; 7; 8)+ (3,13.%)
[2] P4,/m (84) 1325 6; (3: 45 7; 8) +(5,3,4)
[2] P4/m (83) 1;2;3;, 4,5, 6, 7; 8

IIb none

Maximal isomorphic subgroups of lowest index
Ilc  [3]74/m(c =3¢)(87); [5]14/m(a’ =a+2b,b = —2a+bora =a—2b,b =2a+b)(87)

Minimal non-isomorphic supergroups
I [2114/mmm (139); [2] I4/mcm (140)
II  [21C4/m(c = i) (P4/m, 83)
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6
Can

14,/a

14,/a
No. 88

ORIGIN CHOICE 1

00—
oolus

&
.

ool
—_—
(o)

ool

5
©

ool
[¢]
[¢]
ool

P—o—®—o—¢P

- | F s

8 F 8
Origin at 4, at 0, — 1, —1 from 1
Asymmetric unit 0<x<i 0<y<i 0<z<l1
Symmetry operations
For (0,0,0)+ set
(H1 (2) 2(0,0,3) 1§32 (3) 47(0,0,3)
(5) 1 0,5, 6) a x,y,3 (7) 4 0,0,z; 0,0,0
For (1, 4, 4)+ set
(1) t(3,3,3) (2)2 0,0,z (3) 4°(0,
&)1 50,3 6) b x,y,5 (M 4" 5

Copyright © 2006 International Union of Crystallography

[0}
ool

o
ol

©

d

358

B

4/m Tetragonal
Patterson symmetry 14 /m
o O JOo 4o
;Q G% O O%+ ;Q G‘%‘
[ 0 o o O
(4) 47(0707%) %77%71

(4) 47(0,0,%)

3
(8) 47 0,0,z; 0,


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o088/

CONTINUED No. 88 14,/a

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(3,1,3); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry (0,0,0)+  (3,7,3)+ General:
16 f 1 (Mxyz @) x+3,y+52+13 G yxt+zts @ y+i5z+3 hkl = h+k+1=2n
) Ey+3.2+5 (O x+5,37+3 (7) %2 ®) y+i,x+3,2+5 hkO: hk=2n
Okl : k+1=2n
hhl : 1 =2n
00l : [=4n
h00: h=2n
hh0: h=2n
Special: as above, plus
8 e 2.. 0,0,z 0,3,2+1 0,35,7+ 1 0,0,z hkl @ 1=2n+1
or 2h+1=4n
8 d 1 0.7,¢ LIRS HER 10,3 hkl : 1 =2n+1
B or hk=2n, h+k+I1=4n
8 c 1 0?%?% %74]_17% %7%7% %707%
4 b 4.. 0,0,3 0,1,3 hkl : 1=2n+1
- or 2h+1=4n
4 a 4.. 0,0,0 0,3,1
Symmetry of special projections
Along [001] p4 Along [100] ¢2mm Along [110] p2mg
a =la b =ib a=>b b =c a =j(—a-+b) b =lc
Origin at 0,0,z Origin at x,0, 2 Origin at x,x+ 1,

Maximal non-isomorphic subgroups

I [2174(82) (1; 2; 7; 8)+
[2]74, (80) (15 2; 3; 4)+
[2112/a(C2/c,15) (1; 2; 5; 6)+

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIe  [3]74,/a(c =3¢)(88);[5]14,/a(@ =a+2b,b'=—2a+bora =a—2b,b'=2a+b)(83)

Minimal non-isomorphic supergroups
I (2114, /amd (141); [2]14, /acd (142)
11 [2]1C4,/a (¢ = ic)(P4,/n, 86)
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14,/a

No. 88 14,/a
ORIGIN CHOICE 2
ll
4
1 3
8 8
RN
Toerey
<|> ®i o Dt T
2 I NI
J) P o P )
: :
Origin at 1 on glide plane b, at 0, !, } from 4
Asymmetric unit 0<x<4i 0<y<i; 0<z<l1
Symmetry operations
For (0,0,0)+ set
M1 (2) 2(0,0,3) 3,0,z (3) 4°(0,0,3) 1,52
(5) 1 0,0,0 6) a x,y3 (M 4" 5,52 5,5%
For (4,4, 1)+ set
(]) Z_(%>%’%) (2) 2 0>%>Z (3) 4+(0a0a%) _% %7
G) 1 355 ©) b x,0 (7) & 4, —1z L1,

360

Patterson symmetry 14 /m

4/m
b i
o o g
o, | o © o,
o C o © o
o, ¥ o, | o,
5| o gl T
o, € o Yo,
4) 4(0,0,2) 3,0,z

(8) 2'-7 07}_17Z; 07%7%

@) 4°(0,0,3) 1,0,z
(8) 47 07?_1’Z; 0’%’%

Tetragonal

O g

© 6;—

Nl

o3



CONTINUED

Generators selected

Positions
Multiplicity, Coordinates
Wyckoff letter, D
Site symmetry (0,0,0)+  (3,7,3)+
e f 1 (1) x,y,z (2) X+ 3,5,2+3
5) x5,z (6) x+3,5,2+3
8 e 2 0,32 552t 0,72 3
8 d I ana% %7070 %7%a% %aa
8 C i OaOaO %aoa% %7%a% %7&
4 b 4. 0,73 IR }
4 a 4. 0,35 3,003

Symmetry of special projections

Along [001] p4

Along [100] ¢2mm

a=ja b’ = ;b a=b b =c

Origin at 3,0,z

Origin at x, 5,

Maximal non-isomorphic subgroups

I

IIa
IIb

[2174(82) (1; 2; 7; 8)+
[2]14, (80) (1; 2; 3; 4)+
[2112/a(C2/c,15) (1 2; 5; 6)+
none
none

Maximal isomorphic subgroups of lowest index
[3114,/a(c =3¢)(88); [5]14,/a(a =a+2b,b'=—2a+bora =a—2b,b'=2a+b)(88)

Ilc

Minimal non-isomorphic supergroups

I
IT

(2114, /amd (141); [2] 14, Jacd (142)
[2] C42/Cl (C’ = %C) (P42/7’l, 86)

361

B)y+i,x+5,z2+;
D y+i,5+3,2+13

No. 88

(1); #(1,0,0); £(0,1,0); £(0,0,1); #(3,3,3); (2); (3); (5)

) y+ 3,545,243
(8) 7+ 1x+4,5+

14,/a

Reflection conditions

General:

Wkl : h+k+1=2n
WO : Ik =2n

Okl : k+1="2n
hhl : 1=2n

000 : 1 =4n

h00: h=2n

RRO: h=2n

Special: as above, plus

hkl : 1=2n+1
or 2h+1=4n
hkl : 1=2n+1

or hk=2n, h+k+I=4n

hkl : 1=2n+1
or 2h+1=4n

Along [110] p2mg

a'=;(—-a+b)
Origin at x,x,0

— 1
b' = ;¢



International Tables for Crystallography (2006). Vol. A, Space group 89, pp- 362—-363.

P422 D,
No. 89 P422

2O N
X A
wa ¢ N
\0 ) 0’1—

Origin at 422

Asymmetricunit 0<x<}; 0<y<ji; 0<z<

Symmetry operations

(H 1 (2) 2 0,0,z (3) 4" 0,0,z
(5) 2 0,y,0 ©6) 2 x,0,0 7) 2 x,x,0

Copyright © 2006 International Union of Crystallography

1
2

422 Tetragonal

Patterson symmetry P4/mmm

OJO) 00O
+O O- +O O-
-O O+ -O O+

olo olte

©]i®) OO0
+O O- O O-
-O O+ -O O+

00 ofe

4) 4 0,0,z
®) 2 x,%0

362
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CONTINUED No. 89 P42?2

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 p 1 (1) x,y,2 (2) %3,z (3) y,x,z 4) y,%,7 no conditions

5) X,y ©) x,3,2Z (7) y,x,Z ®) ¥,%,2

Special:

4 o .2. x,3,0 x,3,0 1,%,0 1,%,0 no extra conditions
4 n 2 x,0, 1 x,0,1 0,x,3 0,%,3 no extra conditions
4 m .2 X, 1,3 X33 x4 3.%,3 no extra conditions
4 1 2 x,0,0 x,0,0 0,x,0 0,x,0 no extra conditions
4 k 2 X, X, 1 XX 4 X,x, 3 X,X, 3 no extra conditions
4 2 x,x,0 x,x%,0 x,x,0 x,%,0 no extra conditions
4 i 2 0,3,z 5,0,z 0,3,2 5,0,Z hkl : h+k=2n
2 h 4.. 1,1z 1,47 no extra conditions
2 g 4.. 0,0,z 0,0,z no extra conditions
2 f 222. 3,0,3 0,33 hkl : h+k=2n
2 e 222. 5,0,0 0,1,0 hkl : h+k=2n
1 d 422 533,3 no extra conditions
1 ¢ 422 3,3,0 no extra conditions
1 b 422 0,0,1 no extra conditions
1 a 422 0,0,0 no extra conditions

Symmetry of special projections

Along [001] p4mm Along [100] p2mm Along [110] p2mm
a=a b =b a=b b=c a =j(—a+b) b=c
Origin at 0,0,z Origin at x,0,0 Origin at x,x,0

Maximal non-isomorphic subgroups

I [21P411(P4,75) 1; 2; 3; 4
[2]P212(C222,21) 1;2;7; 8
[21P221(P222,16) 1; 2;5; 6

IIa none

IIb [2] P4,22 (¢ =2¢)(93); [2] C422, (a' =2a,b =2b) (P42,2,90); [2] F422 (a’' =2a,b' = 2b,¢ =2¢) (1422, 97)

s

s

Maximal isomorphic subgroups of lowest index
IIc  [2]1P422(c =2¢)(89); [2]C422(a' =2a,b =2b)(P422,89)

Minimal non-isomorphic supergroups
I [2]1 P4/mmm (123); [2]1 P4/mcc (124); [2]1 P4 /nbm (125); [2] P4 /nnc (126); [3]1 P432 (207)
I [2]17422(97)

363



International Tables for Crystallography (2006). Vol.

P42.2 D;

No. 90 P42.2
wo b~ b
P i "
N A
Pt / N
N A
A | Pt | N

Origin at 222 at 212

Asymmetric unit 0<x<4i; 0<y<i; 0<z<3
Symmetry operations

(1 2) 2 0,0,z (3) 47 0,1,z
() 2(0,5,0) 3,50 6) 2(5,0,0) x,3,0 (M 2 xx,0

Copyright © 2006 International Union of Crystallography
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A, Space group 90, pp. 364-365.

Patterson symmetry P4/mmm

4272
O
+O +O
O+
O_
-O
O
+O +O
O+
4) 4 10,z
®) 2 x,x0

Tetragonal


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o090/

CONTINUED No. 90 P42.2

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 ¢ |1 (1) x,y,2 (2) %5,z B)y+3x+3,2 4) y+35.5+3,2 h00: h=2n
(S) x+3,y+71.2 6) x+3,5+73,2 (N y,x,2 ®) y,%,2
Special: as above, plus
4 f ..2 XX, 3 X%, 4 X+ix+4id x+i,x+44 Okl : k=2n
4 e 2 x,x,0 x,x,0 X+3,x+13,0 x+3,54+1,0 Okl : k=2n
4 d 2.. 0,0,z 3.3,2 3.3, 0,0,z hkl : h+k=2n
2 ¢ 4.. 0,3,z 5,0,Z hkO: h+k=2n
2 b 2.22 0,0, 3 503,3 hkl : h+k=2n
2 a 2.22 0,0,0 33,0 hkl : h4+k=2n

Symmetry of special projections

Along [001] p4gm Along [100] p2mg Along [110] p2mm
a=a b =b a=b b=c a’ =1i(—a+b) b=c
Origin at 0, 1,7 Origin at x, 1,0 Origin at x,x,0

Maximal non-isomorphic subgroups

I [2] P411(P4,75) 1;
[21P212(C222,21) 1;
[2]1P22,1(P2,2,2,18) 1;

IIa none

IIb [2]P4,2,2(c =2c)(94)

25 3’
2; 7;
;2,5

A\ 0 N

s s

Maximal isomorphic subgroups of lowest index
IIc  [2]P42,2(c' =2¢)(90); [9] P42,2 (a’ = 3a,b’ = 3b) (90)

Minimal non-isomorphic supergroups
I [2]1 P4/mbm (127); [2] P4/mnc (128); [2] P4/nmm (129); [2] P4 /ncc (130)
II  [2]C422(P422,89); [2]1422(97)

365
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P 41 2 2 Di 4272 Tetragonal

NO. 91 P 41 2 2 Patterson symmetry P4/mmm

1 | 1 %_ %+ %_ %+

3 ; L 3 R N 0)@) OO

NN ”\$/i O O- O O-

l/ N 0 [ O~ O | O

8 “ O NP

N / 4 4

v ¥ N

% y 56 55

> - O | O- O | O-

l/f\; l/f\; l/f\; O O O O

8 % 8 8 % 8 8 % 3 30 (3) 9 9

Origin on 2[010] at 4, (1,2)1

Asymmetric unit 0<x<1; 0<y<lI; 0<z<

;
Symmetry operations

11 (2) 2(0,0

,0,5) 0,0,z (3) 47(0,0,3) 0,0,z 4) 47°(0,0,3) 0,0,z
5) 2 0,y,0 6) 2 x,0, X, X,

i (M2 xx3 ®) 2

Copyright © 2006 International Union of Crystallography 366
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CONTINUED No. 91 P4,22

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 d 1 (1) x,y,z (2) %,3,2+ 3 (3) y,x,z+1 4) y,%,z+3 00/ : I=4n
() %,z (6) x,5,2+ 3 (D) y,x,Z2+3 (8) y,%,Z+ 3
Special: as above, plus

4 ¢ ..2 X,X, 3 X%, 1 X%, 3 X, %, % Okl : 1=2n+1

or [=4n
4 b 2 %7y70 %7)77% )Z%ai y?%?% hhl: l:2n+1

or [ =4n
4 a .2. 0,y,0 0,9,3 v,0, 1 ,0, 32 hhl : 1 =2n+1

or [=4n
Symmetry of special projections
Along [001] p4mm Along [100] p2gm Along [110] p2gm
a=a b'=b a=>b b =c a =j(—a+b) b =c

Origin at 0,0,z Origin at x,0, Origin at x,x,

Maximal non-isomorphic subgroups
I [2]1P4,11(P4,,76) 1; 2; 3; 4
2] P2,21(P222,17) 1;2;5; 6
[21P2,12(C222,20) 1; 2;7; 8
IIa none
IIb [2]C4,22, (a =2a,b =2b)(P4,2,2,92)

Maximal isomorphic subgroups of lowest index
IIc [2]C4,22(a' =2a,b' =2b) (P4,22,91); [3] P4,22 (¢ = 3¢) (95); [5]1 P4,22 (¢’ =5¢) (91)

Minimal non-isomorphic supergroups
I none
I [2]74,22(98); [2] P4,22(c = tc) (93)
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International Tables for Crystallography (2006). Vol. A, Space group 92, pp. 368-369.

D;

P4,2,2
No. 92 P4,2,2
3 %‘
3 3
TN I 1 O
N r N f N 1O
s N\
li_ 1
8 —3
1
) B
e N\
Al 1 \
8 lg O
P 4 kO
SON NN
4 3 4 3 4
8 3
Originon2[110]at2,1(1,2)
Asymmetric unit 0<x<1; 0<y<l1l; 0<z<
Symmetry operations
(1) 1 (2) 2(0,0,5) 0,0,z (3) 47(0,0,5) 0,3,z
() 2(0,5,0) 1,33 (6) 2(3,0,0) x,3,3 (M2 xx,0

Copyright © 2006 International Union of Crystallography 363

422 Tetragonal
Patterson symmetry P4/mmm
%_
O
1O
O+ O+
b O
5 =
Oi-
i-O
o
7t O
e
O+ O+
O

(4) 47(0707%) %7072
®) 2 x%;

b
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

G) y+35x+3,2+5

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
8 b 1 (Dxyz (2) %92+ 3
G X+3y+5.2+: O x+3.3+5,2+5 (Dyxz
4 a ..2 x,x,0 X,%,3 X+3,x+1,3

Symmetry of special projections

Along [001] p4gm Along [100] p2gg
a=a b'=b a=>b b =c
Origin at 0, 1,z Origin at x, 1, 2

Maximal non-isomorphic subgroups

| [2]1P4,11(P4,,76) 1; 2; 3; 4
[21P2,12(C222,,20) 1,2 7; 8
[21P2,2,1(P2,2,2,,19) 1:2;5; 6

IIa none

IIb none

Maximal isomorphic subgroups of lowest index

=
+
o=
J><|

(ST
ISt

No. 92 P4,2,2
Reflection conditions
General:
@ y+ix+Lz+3 000: I=4n
®) y,x,7+1 h00: h=2n

Special: as above, plus

Okl : [ =2n+1
or 2k+1=4n

Along [110] p2gm
a’ =j(—a+b) b =c
Origin at x,x,0

Ic [3]P4,2,2(¢ =3¢)(96); [5] P4,2,2 (¢’ = 5¢) (92); [9] P4,2,2 (a' = 3a,b' = 3b) (92)

Minimal non-isomorphic supergroups
I [31P4,32(213)

Il [2]1C4,22(P4,22,91); [2114,22 (98); [2] P4,2,2 (¢' = Lc) (94)
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International Tables for Crystallography (2006). Vol. A, Space group 93, pp- 370-371.

5
P 42 2 2 D4 4272 Tetragonal
NO. 93 P 42 2 2 Patterson symmetry P4/mmm
11, L1y
1 1 1 1 1 2O 2O (2) ZO
1 1 1 1 1 1
:}}/4 4\:/4 4\3/:: O O- +O O-
l/ \l -O O+ -O O+
“ 4 ol olo
! I |2 1+l3-
A /
4 4 101, 1|1,
2 2 2 2
! ! 0|0 O|O
Ba ' e O |_O- O | O-
%/‘\l l/+\l l/$\l _O O+ _O O+
4 4 4 4 4 O O O O
B I B F-
Origin at 222 at 4,21
Asymmetric unit 0<x<i; 0<y<l; 0<z<!
Symmetry operations
(1 (2)2 0,0,z (3) 47(0,0,3) 0,0,z 4) 4°(0,0,3) 0,0,z
(5) 2 0,50 6) 2 x,0,0 (M 2 xx; ®) 2 x,%;

Copyright © 2006 International Union of Crystallography 370
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CONTINUED No. 93 P4,22

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 p 1 (D x,5,z () %,3,2 3) y,x,2+ % 4) y,%,z+4 00/ : 1=2n

(%) xy.2 (6) x,y.2 (7) y,x,24} (8) 7.X.2+ 1

Special: as above, plus

4 o .2 X, X, 3 X, X, 2 XX, 1 X, %, 1 Okl : 1=2n
4 n 2 X, X, 1 X%, 1 X,x, 3 X, X%, 3 Okl : 1=2n
4 m .2 x, 1,0 x,1,0 1,X, 5 1,%,3 hhl : 1 =2n
4 1 2 x,0,3 x%,0,3 0,x,0 0,x,0 hhl : 1 =2n
4 k 2 Xy 3,3 X343 1,x,0 1,%,0 hhl : 1 =2n
4 2 x,0,0 x,0,0 0,x,3 0,%,3 hhl : 1=2n
4 i 2. 0,3,z 5,0,2+3 0,3,2 50,243 hkl : h+k+1=2n
4 h 2.. 53,2 55,2+ 3 55,2 51:2+F 3 hkl : 1=2n
4 2 0,0,z 0,0,z+3 0,0,z 0,0,z+ 3 hkl : 1 =2n
2 f 2.22 LA 53,1 hkl : 1=2n
2 e 2.22 0,0, ; 0,0,2 hkl : 1 =2n
2 d 222. 0,1, 1,0,0 hkl : h+k+1=2n
2 ¢ 222. 0,1,0 1,0,4 hkl © h+k+1=2n
2 b 222. 1,1,0 14,3 hkl : 1 =2n
2 a 222. 0,0,0 0,0,1 hkl : 1 =2n
Symmetry of special projections
Along [001] p4dmm Along [100] p2mm Along [110] p2mm
a=a b=b a=>b b =c a'=j(—a+b) b =c

Origin at 0,0,z Origin at x,0,0 Origin at x,x, §

Maximal non-isomorphic subgroups

I [21P4,11(P4,,77) 1; 2; 3; 4
[21P212(C222,21) 1;2;7; 8
[2]1P221(P222,16) 1; 2; 5, 6

IIa none

IIb [2]P4,22(c' =2¢)(95); [2]1 P4,22 (¢’ =2¢) (91); [2]1C4,22, (a’ =2a,b' = 2b) (P4,2,2, 94);
[2] F4,22 (a' = 2a,b’' = 2b,¢ = 2¢) (14,22, 98)

s

Maximal isomorphic subgroups of lowest index
IIc [2]C4,22(a’ =2a,b' =2b) (P4,22,93); [3] P4,22 (¢ =3¢) (93)

Minimal non-isomorphic supergroups
I [2]1 P4,/mmc (131); [2] P4,/mcm (132); [2]1 P4,/nbc (133); [2] P4,/nnm (134); [3]1 P4,32 (208)
II [211422(97); [2]1 P422 (¢ = 1¢) (89)
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6
P 42 21 2 D4 4272 Tetragonal
NO. 94 P 42 2 1 2 Patterson symmetry P4/mmm
1 1 - _
7 4 O O
Y f A% f N N Ne
r'd N\ O+ O+
1 —1 Q %+ Q
4 4 O
AN A O}-
AV K 0
1 | _ O _
4 4 O %+ O
N A 0 O
A A [N O+ of
1 1 O O
3 r =z Z
Origin at 222 at212
Asymmetric unit 0<x<3; 0<y<i; 0<z<3
Symmetry operations
11 (22 0,0,z (3) 47(0,0,5) 0,3,z (4) 4°(0,0,5) 3,0,z
(5) 2(0,3,0) 3,33 (6) 2(5,0,0) x,1,3 (M 2 xx,0 ®) 2 xx0

Copyright © 2006 International Union of Crystallography
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No. 94

CONTINUED

P4,2,2

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 ¢ 1 (Mxyz (2) %3,z G)y+ix+iz+s @y+ix+3z2+5  000: [=2n
() F+3,y+5.2+: O x+3.3+52+: Dyxz ®) y,%,2 h00: h=2n
Special: as above, plus
4 f 2 X, X, 3 X,%,3 X+1,x+1,0 x+3,5+1,0 Okl : k+1=2n
4 e 2 x,x,0 x,x,0 X+3,x+3,3 X+3,5+13,3 Okl : k+1=2n
4 d 2 0,3,z 0,3,2+3 5,0,2+3 5,0,Z hkl : 1 =2n
hkO: h+k=2n
4 ¢ 2.. 0,0,z 5.3,2+3 5.3,2+3 0,0,z hkl : h+k+1=2n
2 b 2.22 0,0, 3 13,0 hkl : h+k+1=2n
2 a 2.22 0,0,0 1,44 hkl : h+k+1=2n
Symmetry of special projections
Along [001] p4gm Along [100] p2mg Along [110] p2mm
a=a b=b a=b b/*c a'=i(—a+b) b =c

Origin at 0,4,z

Origin at x, 1,1

Maximal non-isomorphic subgroups

| [21P4,11(P4,,77) ;3 4
[2]P212(C222,21) 2. 7; 8
[21P22,1(P2,2,2,18) 1 2:5; 6

IIa none

IIb [2] P4.2,2(c' =2¢)(96); [2] P4,2,2 (¢’ =2¢)(92)

Origin at x,x,0

Maximal isomorphic subgroups of lowest index
Ilc  [3]P4,2,2(c =3c)(94); [9] P4,2,2 (a' = 3a,b' = 3b) (94)

Minimal non-isomorphic supergroups
I [2] P4,/mbc (135); [2] P4,/mnm (136); [2]1 P4,/nmc (137); [2] P4,/ncm (138)
Il [2]1C4,22(P4,22,93); [2]11422(97); [2] P42,2 (¢ = t¢) (90)

373



International Tables for Crystallography (2006). Vol. A, Space group 95, pp. 374-375.

P 43 22 DZ 4272 Tetragonal

No. 95 P 43 22 Patterson symmetry P4/mmm

Wi hdd kg eJe ele

% S 0 [ O O | O~

i 8 b 2P

N A ‘

% ' * <

X y 56 56

B . O | O O | O-

8 % 8 8 % 8 8 % 8 OO OO

Origin on 2[010] at 4, (1,2)1

Asymmetric unit 0<x<1; 0<y<I; 0<z<}i

Symmetry operations

) 0,0,z

(H 1 (2) 2(0,0,5) 0,0,z (3) 47(0,0,3) 0,0,z (4) 4°(0,0,
)2 0,50 6) 2 x,0,3 (D2 xx5 ®) 2 xx

1
3
3
8

vy
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CONTINUED

Generators selected

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8 d 1 (1) x,y,z (2) %,3,2+ 3 (3) yx,z+1
(5) %, »,z (6) x,5,Z+ 3 (1) y,x,2+ 3

4 C 2 x?‘x7% f?‘f7% ‘f7x7% x"f?%

4 b 2 %7y70 %7)77% )77%7% y?%?i

4 a 2 07y70 07)77% )7707% y707%

Symmetry of special projections
Along [001] p4mm

a=a b'=b

Origin at 0,0,z

Maximal non-isomorphic subgroups

I [2] P4,11(P4,,78) 1; 2; 3;
[21P2,12(C222,20) 1;2; 7;
[2]P2,21(P222,17) 1;2; 5;

IIa none

4
8
6

Along [100] p2gm
a=b b =c¢
Origin at x, 0,

Ib  [2]C4,22, (a' =2a,b' =2b) (P4,2,2,96)

Maximal isomorphic subgroups of lowest index
IIc [2]C4,22(a' =2a,b' =2b) (P4,22,95); [3] P4,22 (¢ =3¢) (91); [5S]1 P4,22 (¢’ = 5¢) (95)

Minimal non-isomorphic supergroups

| none

I [2]74,22(98); [21P4,22 (¢ = }¢) (93)

375

No. 95

(1); ¢(1,0,0); ¢(0,1,0); £(0,0,1); (2); (3); (5)

4) y,%,z+ 5
®) 7, %,2+3

P4,22

Reflection conditions

General:

00l : [ =4n

Special: as above, plus

Okl : 1=2n+1
or [ =4n

hhl : 1=2n+1
or [ =4n

hhl : 1=2n+1
or [ =4n

Along [110] p2gm
a’'=3(—-a+b)
Origin at x, x, 1

b =c



International Tables for Crystallography (2006). Vol. A, Space group 96, pp. 376-377.

8
P4,2,2 D, 422
No. 96 P4,2,2
1 1
1 1 2 2
1y 1 1 O O
N AN e r N 1O 1O
l/ \ O+ O+
éi_.. 3 O 3+ O
8 _Ts = 5 -
AN A Oi-
1/\‘\ I \é\\ i-O o
4 1 1
- — o F 06
b 4 10 NG
l/’\ J l/\é\\ J l/’\ O+ O+
* P I O O
8 8 — -
Originon2[110]at2,1(1,2)
Asymmetric unit 0<x<1; 0<y<l1; 0<z<|
Symmetry operations
(1 (2) 2(0,0,5) 0,0,z (3) 47(0,0,2) 0,1,z (4) 47(0,0,4) 1,0,z
() 2(0,5,0) 1,33 (6) 2(3,0,0) x,3,3 (M2 xx,0 ®) 2 x,.%;
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Tetragonal

Patterson symmetry P4/mmm
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

G) y+5x+3,2+5

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
8 b 1 (Dxyz (2) %92+ 3
G X+3,y+52+7 O x+3.9+5,2+5 (Dyxz
4 a ..2 x,x,0 X,%,3 X+ix+143

Symmetry of special projections

Along [001] p4gm Along [100] p2gg
a=a b'=b a=>b b =c
Origin at 0, 1,z Origin at x, 1, 5

Maximal non-isomorphic subgroups

| [21 P4,11(P4,,78) 1; 2; 3; 4
[21P2,12(C222,,20) 1,2 7; 8
[21P2,2,1(P2,2,2,,19) 1:2;5; 6

IIa none

IIb none

Maximal isomorphic subgroups of lowest index

=
+
o=
J><|

(ST
Bl—

No. 96 P4;2,2

Reflection conditions

General:

@) y+ L x+iz4+L 000 : I=4n
h00: h=2n

Special: as above, plus

Okl : [ =2n+1
or 2k+1=4n

Along [110] p2gm
a’ =j(—a+b) b =c
Origin at x,x,0

Ic [3]P4,2,2(¢ =3¢)(92); [5] P4,2,2 (¢ = 5¢) (96); [9] P4,2,2 (a' = 3a,b' = 3b) (96)

Minimal non-isomorphic supergroups
I [31P4,32(212)

Il [2]C4,22(P4,22,95); [2]114,22 (98); [2] P4,2,2 (¢ = }¢) (94)

377



International Tables for Crystallography (2006). Vol. A, Space group 97, pp. 378-379.

1422

D9

No. 97 1422

1 111 111 1

4 4 4 4 4 4 4 4

A\ ? A r % f A r X f A

A S N A A\ S¥.4

1 / \ 1

V4 N3

— e

AN s

-

, p ¢ ¢ 4kf'l

v N3

—| § |-

AN e

¥\ l VAN l ¥}

SN IV AN IV AN

i A P i
Origin at 422
Asymmetric unit 0<x<i; 0<y<i; 0<z<g
Symmetry operations
For (0,0,0)+ set
(1 2) 2 0,0,z 3) 4 0,0,z
(5)2 0,y,0 6) 2 x,0,0 (7) 2 x,x,0
For (4,4, 4)+ set
(1) #(5,3,3) (2) 2(0,0,3) 33,2 (3) 47(0,0,5
(5 2(0,3,0) 5.5 (6) 2(3,0,0) x,5,3 (7 2(3,1,0)

Copyright © 2006 International Union of Crystallography

378

422 Tetragonal
Patterson symmetry 14 /mmm
OO OO
+O O- +O O-
-O O+ -O O+
OO0  i|»  OP
) 0|0
O O3~
-O O
1ogo
O|O A b 0|0
+O O- +O O-
-O O+ -O O+
ofe 00
4) 4= 0,0,z
®) 2 x,%0
13,2 4) 4°(0,0,3) 3,0,z
X, X, 4 ®) 2 x,x+1,1
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

16 k 1 1) x,y,z
) %3,z
8 Jj 2 x,x+3,
8 i 2 x,0,3
8 h .2 x,0,0
8 .2 x,x,0
&8 f 2 0,3,z
4 e 4.. 0,0,z
4 d 2.22 0,35,5
4 ¢ 222. 0,5,0
2 b 422 0,0,;
2 a 422 0,0,0

(1); ¢

No. 97

(1,0,0); #(0,1,0); £(0,0,1); #(3,3,3); (2); (3); (5)
Coordinates
(0,0,0)+ (3,5,3)+
(2) %3,z (3) y,x,z 4) y,%,z
6) x,9,Z (N »x,z (®) y,%,z
H XX+ 3,3 ¥+3,%3 X+ 3,% 3
Xaoa% O,X,% Ov-fa%
x,0,0 0,x,0 0,x,0
X,%.0 x,x,0 x,%,0
%707Z 07%72 %7072
0,0,7z
5,0, 5
3,0,0

Symmetry of special projections

Along [001] p4mm
a=1i(a—bh) b =1i(a+b)
Origin at 0,0,z

Along [100] c2mm
a=>b b'=c
Origin at x,0,0

Maximal non-isomorphic subgroups

| [211411(14,79)
[211221(1222,23)
[211212(F222,22)

IIa [2]P4,2,2(94)
[21P4,22(93)
[2]1P42,2(90)
[21P422(89)

IIb none

(1; 2; 3; 4)+

(1; 2; 5; 6)+

(l; 2, 7, 8)+

152, 7; 8; (3; 45 5 6)+(4,4,4)
152, 5 6; (35 45 75 8)+(3,5.4)
1325 3; 45 (5: 6, 73 8) 4 (3,3,1)
1; 2; 3;4,5,6,7;, 8

Maximal isomorphic subgroups of lowest index
IIc  [3]17422(¢ =3¢)(97);[9]11422 (a’ =3a,b' = 3b) (97)

Minimal non-isomorphic supergroups
I [2114/mmm (139); [2]114/mcm (140); [3]1 F432(209); [3]11432(211)
II  [2]1C422(c = tc)(P422,89)

379

1422

Reflection conditions

General:

hkl © h+k+1=2n
hkO: h+k=2n
Okl : k+1=2n
hhl : 1=2n

00/ : I=2n

h00: h=2n
Special: as above, plus
Okl : k=2n

no extra conditions
no extra conditions
no extra conditions
hkl : 1=2n

no extra conditions
hkl : 1=2n

hkl : 1=2n

no extra conditions

no extra conditions

Along [110] p2mm
a'=ji(—a+b)
Origin at x,x,0

1
bI—EC
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14,22 D,

1 4

No. 98 14,22
13 111 3 111 3
4\ 8 } 8 4\ 8 ; 8 4\ 8
SN PN
0 ' '
o
V4
i—| % 2 4
N
1o
= ' '
v 4
— A >
IN
=0 ' '

1} ‘ 7 I\ l s

N A Ny
13 111 3 111 3
4 8 4 8 4 8 4 8 4 8

Origin at 222 at 212

Asymmetricunit 0<x<1i; 0<y<l1; 0<

Symmetry operations

For (0,0,0)+ set

(11 (2) 2(0,0.5) 3,3:2

&) 2 Ly 6) 2 x,3,3

For (4,4, 4)+ set

(D) 2(5,4,3) (2)2 0,0,z

(5) 2(0,3,0) 0,y,5

Copyright © 2006 International Union of Crystallography

(6) 2(3,0,0) x,0,3

NN VAN Y-

(3) 4°(0,
(M 2.3,

(3) 47(0,0,%)
7 2 xx,0

380

422

Tetragonal

Patterson symmetry 14 /mmm

-

OO

-

OO' “LbO

Blw
I

+

O

o
0 "0

B NI
+

ox

8 2

1 (4) 4,

8 2

@ 4

(0,07%) %7__%az

x,%,0

1 1
) 7575%

11
273

(0,0,
X, X+
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CONTINUED No. 98 14,22

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(3,1,3); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, L
Site symmetry (0,0,0)+ (3,5,3)+ General:
16 g 1  (Dxyz Q) x+35,5+5,2+5 Q) IVx+3,2+; @A) y+5.%5z2+3 hkl : h+k+1=2n
) F+5.32+: (O xy+5,2+4; M y+sx+52+: O Fx2Z hkO': h+k=2n
Okl : k+1=2n
hhl : 1 =2n
00l : [=4n
h00: h=2n
Special: as above, plus
8 f 2 X,i,% f+%7%a% %ax+%a% %7)?7% hhl : 1 =4n
8 e 2 x,x,0 X+ 1 x+1.3 XX+ 15,3 x+1,x,3 Okl : k=2n+1
or [=4n
8 d 2 x,x,0 X+3,%+13,3 XX+ 3,3 X+ 1,%,2 Okl : k=2n+1
or [=4n
8 ¢ 2.. 0,0,z 0,535,241 10,742 147414 hkl : 1=2n+1
or 2h+1=4n
4 b 2.22 0,0, 0,12 hkl : 1 =2n+1
or 2h+1=4n
4 a 2.22 0,0,0 0,5,1 hkl : 1 =2n+1
or 2h+1=4n
Symmetry of special projections
Along [001] p4dmm Along [100] c2mm Along [110] p2mm
a=i(a— b) b =1i(a+b) a=b b=c a’=i(—a+b) b =ic
Origin at 1, 1,2 Origin at x,0, 2 Origin at x,x,0

Maximal non-isomorphic subgroups

| [2]174,11(14,,80) (1; 2; 3; 4)+
[21712,21(12,2,2,,24) (1; 2; 5; 6)+
[2]112,12(F222,22) (1; 2; 7, 8)+

IIa [2]P4,2,2(96) 1;2, 7,8, (3; 4,5, 6)+ (4,5, 1)
[2] P4. 22(95) 1;2; 5,6, (3; 4, 7; 8)+(4,1,%)
[2]P4 2,2(92) 1; 25 3; 45 (55 6, 75 8) 4+ (3,1,3)
[2] P4122(91) 1;2; 3,4, 5,6, 7; 8

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]74,22(¢' =3¢)(98);[9114,22 (a’ = 3a,b’ = 3b) (98)

Minimal non-isomorphic supergroups
I (2114, /amd (141); [2]114,/acd (142); [3] F 4,32 (210); [3]14,32 (214)
II  [2]C4,22(c = tc) (P4,22,93)

381
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1
Pdmm C4v Admm Tetragonal
No. 99 Pdmm Patterson symmetry P4/mmm
©O 0O
+QO O+ +0O o+
@ [ O © | O
o ol
©|0 ©0
+O O+ +O O+
+0) O+ +® O+
=lo 00
Origin on 4mm
Asymmetric unit 0<x<i; 0<y<i; 0<z<I1; x<y
Symmetry operations
11 (22 0,0,z (3) 47 0,0,z “4) 40,0,z
() m x,0,z (6) m 0,y,z (7 m x,%,z (8) m x,x,z
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

8 g 1

4 f m
4 e m
4 d ..m

2 ¢ 2mm.

1 b 4mm

1 a 4mm

(1) x,y,2
) x,y,2

No. 99

(1); ¢(1,0,0); ¢(0,1,0); £(0,0,1); (2); (3); (5)

Coordinates
(2 x,9,z (3) y,x,z 4) y,%,z
(6) x,5,2 (7) y, %,z () y,x,2
¥, 3,2 35%,2 3,%,2
x,0,z 0,x,z 0,x%,z
X,X,Z X,X,2 X, X,z
0,3,z

Symmetry of special projections
Along [001] p4mm

a—=a b'=b

Origin at 0,0,z

Along [100] p1m1
a=hb b =c
Origin at x,0,0

Maximal non-isomorphic subgroups
I [21P411(P4,75)

[21P21m (Cmm?2, 35)
[21P2m1 (Pmm?2,25)

IIa none

1; 2; 3;

4
02,7, 8
2,5, 6

bl

Pdmm

Reflection conditions

General:

no conditions

Special:

no extra conditions
no extra conditions
no extra conditions
hkl : h+k=2n
no extra conditions

no extra conditions

Along [110] p1m1
a'=ji(—a+b)
Origin at x,x,0

b'=c

IIb [2]P4,mc (¢ =2¢)(105); [2] P4cc (¢ =2¢) (103); [2] P4,cm (¢ =2¢) (101); [2] C4md (a’ = 2a,b' = 2b) (P4bm, 100);
[21F4mc(a’ =2a,b' =2b,¢’ =2¢)(I4cm, 108); [2] F4mm (a’' = 2a,b’' =2b,¢' = 2¢) {4mm, 107)

Maximal isomorphic subgroups of lowest index
IIc  [2]1P4mm(c =2¢)(99); [2] C4mm (a’ = 2a,b’ = 2b) (P4mm, 99)

Minimal non-isomorphic supergroups
I [2]1 P4/mmm (123); [2]1 P4/nmm (129)
I [2]114mm (107)

383



International Tables for Crystallography (2006). Vol. A, Space group 100, pp. 384-385.

P4dbm C.,

No. 100 P4bm
Originon41g

Asymmetric unit 0<x<i; 0<y<i; 0<z<1;
Symmetry operations

(1 2) 2 0,0,z (3) 4 0,0,z

() a x3,z ©) b iz () m x+3,%z

Copyright © 2006 International Union of Crystallography

4mm Tetragonal
Patterson symmetry P4/mmm
O O
+O +O
O+ O+
o | o
O)
OF:
+O
+ © +
O O
+O +O
O+ O+
0 0
<i—x
4) 4 0,0,z

(8) g(%? an) X, X,Z

384
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8 d 1 (1) x,y,z (2) %,y,z (3) y,x,z
S)x+3,+13,2 6) ¥+ 3,y+13,2 (N y+1,5+71,2

4 ¢ m XX+ 3,2 XX+ 3,2 +3,%,2 x+13,%2

2 b 2.mm 1,0,z 0,1,z

2 a 4 OaOaZ %7%’Z

Symmetry of special projections
Along [001] p4gm

a=a b'=b

Origin at 0,0,z

Along [100] p1m]1
a=1b b =c
Origin at x,0,0

Maximal non-isomorphic subgroups
I [21 P411(P4,75) 1; 2; 3;
[21P21m(Cmm?2,35) 1; 2; 7;
[21P2b1(Pba2,32) 1; 2; 5;
IIa  none

AN 0 A

bl

Ib  [2]P4,bc(c = 2¢) (106); [2] P4nc (¢ = 2¢) (104); [2] P4, nm (¢’ = 2¢) (102)

Maximal isomorphic subgroups of lowest index
Ilc [2]P4bm(c = 2¢)(100); [9] P4bm (a’ = 3a,b’ = 3b) (100)

Minimal non-isomorphic supergroups
I [2]1 P4/nbm (125); [2] P4/mbm (127)
II  [21C4mm (P4mm,99); [2]114cm (108)

385

No. 100 P4bm

Reflection conditions

General:
4) y,%,z Okl : k=2n
®)y+ix+3z h00: h=2n

Special: as above, plus
no extra conditions
hkl : h+k=2n

hkl : h+k=2n

Along [110] p1m1
a'=;(—a+b)
Origin at x,x,0

b =c



International Tables for Crystallography (2006). Vol. A, Space group 101, pp. 386-387.

3
P 42 cm C4v dmm Tetragonal
No. 101 P4,cm

Patterson symmetry P4/mmm

+ 54+ + %+
O] © O
‘O OF ‘O OF
O [ O- o | O
olo olo
3+ + %+ +
+ |4+ + |4+
©0 ©0
+O pe ‘O b
O O« FO O-
ofo) ofo
Lv 4 o+
Origin on 2mm on 4,cm
Asymmetric unit 0<x<i; 0<y<i; 0<z<I; x<y
Symmetry operations
11 (22 0,0,z (3) 4'(0,0,5) 0,0,z (4) 4°(0,0,5) 0,0,z
) ¢ x0,z 6) ¢ 0,y,z (7) m x,%,z ®) m x,x,.z
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

8 e 1 (1) x, 3.2 (2) %5,z B3)v.x,z+3
(S) x,5.2+ 3 (6) X,y,z+ 3 (1) 3,%,z

4 d m X,X,Z X,x,z X,X,2+ 3 X,%,72+ 3

4 ¢ 2 0,3,z 3,0,z43 0,3,2+3 1,0,z

2 b 2.mm 3:1:2 31,2+ 3

2 a 2.mm 0,0,z 0,0,z4 3

Symmetry of special projections

Along [001] p4mm Along [100] p1m1

a=a b’ =b a=>b b = jc

Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups

I [21P4,11(P4,,77) 1; 2; 3;
[21P21m(Cmm?2,35) 1; 2; 7
[21P2c1 (Pcc2,27) 1; 2; 5;

IIa none

IIb [2]C4,cd (a’ =2a,b' =2b) (P4,bc, 106); [2]1C4,cm (a' =2a,b' =

AN 0 A

Maximal isomorphic subgroups of lowest index
IIc  [3]P4,cm (¢ =3¢)(101); [9] P4,cm (a’ = 3a,b’ = 3b) (101)

Minimal non-isomorphic supergroups
I (2] P4,/mcm (132); (2] P4,/ncm (138)
Il  [21C4,cm (P4, me, 105); [2]14cm (108); [2] P4mm (¢ = Lc) (99)

387

No. 101 P4,cm

Reflection conditions

General:
4) y,%,z2+1 Okl : 1=2n
®) y,x,z 00l : I=2n

Special: as above, plus

no extra conditions
hkl : h+k,l=2n
hkl : 1=2n

hkl : 1 =2n

Along [110] p1m1
a’ =i(—a+b) b=c
Origin at x,x,0

2b) (P4, mc, 105)



International Tables for Crystallography (2006). Vol. A, Space group 102, pp. 388—389.

4
P 42 nm C4v dmm Tetragonal
No. 102 P 42nm Patterson symmetry P4/mmm
O) O]
+O +O
O+ O+
® I ®
O
ot
o
. O :
Q X Q
+O +O
O+ O+
0 0
Origin on 2mmon 21m
Asymmetric unit 0<x<3; 0<y<i; 0<z<I; x<y
Symmetry operations
1 (2)2 0,0,z (3) 47(0,0,5) 0,3,z 4) 4°(0,0,5) 3,0,z
(5) n(%707%> x,i,z (6) n( 7%7%) id’,Z (7) m x,f,z (8) m X,X,Z
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CONTINUED No. 102

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

8 d 1 (Dxyz () %,5,2 B)y+s,x+35,2+5 @ y+5,8+3,2+3
(5) x+35,+35,2+35 (6) X+35,y+5,2+35 (1) 5,52 ®) y,x,2

4 ¢ ..m X,X,2 X%z T+ 5,x+5,2+3 X+ i E+dz+1

4 b 2.. 0,5,z 0,5,2+3 50,243 5,0,z

2 a 2.mm 0,0,z 5,3,2+3

Symmetry of special projections

P4d,.nm

Reflection conditions

General:

Okl : k+1=2n
00! : 1=2n
h00: h=2n

Special: as above, plus

no extra conditions
hkl : h+k,l=2n

hkl : h+k+1=2n

Along [001] p4gm Along [100] c1m1 Along [110] p1m1
a=a b =b a=b b =c a =;(—a+b) b =c
Origin at 0, 1,z Origin at x,0,0 Origin at x,x,0

Maximal non-isomorphic subgroups
I [21P4,11(P4,,77) 1; 2; 3;
R1P21m(Cmm?2,35) 1; 2; 7,
[21P2n1(Pnn2,34) 1; 2; 5;
IIa none

AN o0

Ib [2]F4,dc(a =2ab =2b,¢ =2¢) (4, cd, 110); [2] F4, dm(a =2a,b' =2b,¢ = 2¢) (14, md, 109)

Maximal isomorphic subgroups of lowest index
IIc [3]P4,nm (¢ =3c)(102); [9]1 P4,nm (a’ = 3a,b’ = 3b) (102)

Minimal non-isomorphic supergroups
I [2]1 P4,/nnm (134); [2] P4,/mnm (136)
Il  [21C4,cm (P4, me, 105); [2114mm (107); [2] P4bm (¢ = t¢) (100)

389



International Tables for Crystallography (2006). Vol. A, Space group 103, pp. 390-391.

Pdcc
No. 103

5
C4v

Pdcc

Origin on 4cc

Asymmetric unit 0<x<i; 0<y<i; 0<z<3
Symmetry operations

(H 1 2)2 0,0,z (3) 4+ 0,0,z

() ¢ x0,z 6) ¢ 0,y,z (7 ¢ xxz

Copyright © 2006 International Union of Crystallography

+O

O

=
+

©

+O

N|—

©

+O

4) 4 0,0,z

®) ¢ x,x,z

390

4dmm Tetragonal
Patterson symmetry P4/mmm
0 ®O0
o O O
O~ FO | O
0 ol
3+ + |3+
0 o)fe
%+ +O 15+
O+ PO O-
® olo
3t + g+
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CONTINUED

Generators selected

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8 1 (1) x,y,z (2) %,3,z (3) y,x,z
5) x, 3,2+ 3 (6) X,y,2+ 3 (N y,%z2+ 3

4 2 0,%,Z %,O,Z O,E,Z‘}’% %a07Z+l

2 4.. 3,32 33,2+ 1

2 4.. 0,0,z 0,0,z+3

Symmetry of special projections
Along [001] p4mm

a=a

b'=b

Origin at 0,0,z

Maximal non-isomorphic subgroups

I

IIa
IIb

[2] P411(P4,75) 1; 25 3; 4
[2]P21c(Ccc2,37) 1;2;7; 8
[2]P2c1(Pcc2,27) 1;2;5;6

none

Along [100] p1m1
a=b b =jc
Origin at x,0,0

[2]C4cd(a’=2a,b’ =2b) (P4nc, 104)

Maximal isomorphic subgroups of lowest index

IIc

[2]C4cc (@ =2a,b = 2b) (P4dce, 103); [3] Pdcc (¢ = 3¢) (103)

Minimal non-isomorphic supergroups
[21 P4/mcc (124); [2] P4/ncc (130)
[2]114cm (108); [2] P4mm (¢ = 1c) (99)

|
1T

(1); ¢(1,0,0); ¢(0,1,0); £(0,0,1); (2); (3); (5)
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No. 103

D y,%,z
&) y,x,24 5

Along [110] p1m1
a=ji(—a+b)
Origin at x, x,0

Pdcc

Reflection conditions

General:

Okl : I=2n

hhl : 1=2n

00l : I=2n

Special: as above, plus
hkl : h+k,l=2n
hkl : 1=2n

hkl : 1 =2n

_ 1
b,—ic
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Tetragonal

Patterson symmetry P4/mmm

6
Pdnc Cs, Amm
No. 104 P4dnc
+
O
+O +O
¢ 5
N o i
AN i Q b+
N 9
N, L
I L 4 I
. ' /'/ > ' . O
e N . ©
/ <IN =+
I
VAN + +
*—! L—e
' o
O
+
Originon41n
Asymmetric unit 0<x<i; 0<y<i; 0<z<3
Symmetry operations
(1) 1 (2) 2 0,0,z (3) 47 0,0,z “4) 4 0,0,z
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CONTINUED No. 104

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8 ¢ 1 (DHxyz (2) x,3,2 (3) ¥,x,2 4) %,z
S)x+3,5+52+5; O)F+3y+5z+: Di+5,8+5z2+7 @) y+5,x+5,2+3

4 b 2. 0,3,z 3,0,z 3,0,2+ 3 0,3,2+3

2 a 4 .. O’O’Z %7%,24’%

Symmetry of special projections
Along [001] p4gm

a=a b'=b

Origin at 0,0,z

Along [100] c1m1
a=b b =c

Origin at x,0,0 Origin at x,x,0

Maximal non-isomorphic subgroups
I [21 P411(P4,75) 1; 2; 3; 4

[21P21c(Ccc2,37) 1;2;7; 8
[21P2n1(Pnn2,34) 1, 2;5;6
IIa none
IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]P4nc(c =3¢)(104); [9] P4nc(a =3a,b’ = 3b) (104)

Minimal non-isomorphic supergroups
I [2]1 P4/nnc (126); [2]1 P4/mnc (128)
II  [2]1C4cc(Pdce, 103); [2114mm (107); [2] P4bm (¢’ = L) (100)

393

Along [110] p1m1
a =i(—a+b)

Pdnc

Reflection conditions

General:

Okl : k+1=2n
hhl : 1=2n
00l : I=2n
h00: h=2n

Special: as above, plus
hkl : h+k,l=2n

hkl : h+k+1=2n

1
b’:5c
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P4, mc
No. 105

7
C4v

P4, mc

a N
e N
s AN
/ N\

‘ Ve S §." \ .
\ s
\. - N, 7
L ./

AN as

N a

Origin on 2mm on 4,mc

Asymmetricunit 0<x<i; 0<y<i; 0<z<}

[SIES

Symmetry operations

(D1
() m x,0,z

(2)2 0,0,z
6) m 0,y,z

(3) 47(0,0,5) 0,0,z
(7 ¢ x,x,z
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+O

O

4) 4°(0,0,3) 0,0,z

O

O

Nl
+

=
+

©

O

=
+

Tetragonal

Patterson symmetry P4/mmm

dmm
O ®
O+ +O
O+ MO)
0 0
17+ %+
O 0
O+ +O
O+ +©
© 0

®) ¢ x,x,z

o

©

Np—
+

=

O

£30

O+
O+

O+
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

No. 105 P4,mc

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 f 1 (1) x,y,z () %,3,z ) y.x,z+3 4) y,%,z+3 hhl : 1 =2n
(5) x,5,2 (6) %,z (D) 3. %243 (8) y,x,2+ 3 007 : I=2n

4 e .m. x7%7z X7%7Z %’X7Z+% %7f7z+%
4 d .m. x,0,z x,0,z 0,x,z+1 0,%x,z+1
2 ¢ 2mm. 0,3,z 50,243
2 b 2mm. 5,5,2 5,5,2+ 3
2 a 2mm. 0,0,z 0,0,z+4 3
Symmetry of special projections
Along [001] p4mm Along [100] p1m1
a=a b'=b a=>b b'=c
Origin at 0,0,z Origin at x,0,0
Maximal non-isomorphic subgroups
I [2]1P4,11 (P4, 77) 1; 2; 3; 4
[21P21c¢(Ccc2,37) 1,2, 7; 8
[21P2m1 (Pmm2,25) 1; 2;5;6

IIa none

Ib  [2]1C4,md (@ =2a,b =2b) (P4,nm, 102); [2] C4,mc (a =2a,b' =

Maximal isomorphic subgroups of lowest index
IIc  [3]1P4,mc (¢ =3¢)(105); [9] P4,mc (a' = 3a,b’ = 3b) (105)

Minimal non-isomorphic supergroups
I (2] P4,/mmec (131); [2] P4,/nmc (137)
II [21C4,mc (P4,cm, 101); [2]1 T4mm (107); [2] PAmm (¢’ = 5¢) (99)

395

Special: as above, plus

no extra conditions
no extra conditions
hkl : h+k+1=2n
hkl : 1 =2n

hkl : 1 =2n

Along [110] p1m1
a =1i(—a+b) b =ic
Origin at x, x,0

2b) (P4,cm, 101)
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P4,bc

No. 106

8
C4v

P4,bc

e - o e —— — —" 0 — — ]

o o e —— — ¢ —— —

Originon2on4,1n

Asymmetric unit 0<x<i; 0<y<i 0<z<!4
Symmetry operations

(H 1 22 0,0,z (3) 47(0,0,3) 0,0,z
(S) a x5,z ©) b 3.z (7) ¢ x+3.%2
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£30

O

NI—

4 4
(8) n(

+

1

RI—

Admm Tetragonal
Patterson symmetry P4/mmm
I I
2 )
O O
+O
O+ O+
Ly O
® A
Ok
+©
L O] 1
O 2 O
+O
O+ O+
O
L+
0,0,5) 0,0,z
133) XX%,2
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8 ¢ 1 () x,y,z () %5,z 3) y,x,2+5

(5) x+3,5+35,z2 (0O)F+35,y+35z2 (Di+35+5,2+3

4 b 2.. 0,3,z 7,0,z+ 3 3,0,z 0,3,2+3

4 a 2.. 0,0,z 0,0,z+ 3 3,32 35,2+ 3

Symmetry of special projections
Along [001] p4gm

a=a b'=b

Origin at 0,0,z

Along [100] p1m1
a=1b b =c
Origin at x,0,0

Maximal non-isomorphic subgroups

I [21P4,11(P4,77) 1;2;3; 4
[21P21c(Ccc2,37) 1; 2; 7; 8
[21P2b1 (Pba?2,32) 1; 2; 5; 6

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]P4,bc(c =3c)(106); [9] P4,bc (a' = 3a,b’ = 3b) (106)

Minimal non-isomorphic supergroups
I (2] P4,/nbc (133); [2] P4,/mbc (135)

Il [2]1C4,mc(P4,cm, 101); [2]T4cm (108); [2] P4bm (¢ = L¢) (100)

397

No. 106 P4,bc
Reflection conditions
General:
@) y,%,z243 Okl : k=2n
®)y+i,x+1iz+L hhl: 1=2n
00/ : [=2n
h00: h=2n

Special: as above, plus
hkl : h+k,l=2n

hkl : h+k,l=2n

Along [110] p1m1
a’ =1i(—a+b) b =1ic
Origin at x, x,0



International Tables for Crystallography (2006). Vol. A, Space group 107, pp. 398-399.

9
[4dmm C4v Admm Tetragonal
No. 107 I4dmm Patterson symmetry 14 /mmm
© O © O
‘0 O 0 o
L 4 9. 2 4
i _,/-é-\,. i ‘© [ O ‘© | O
S [ B . J(0; Lol ejlo]
7 I\, olle)
o | | .
§../ i\./i \_.§ 17+O ®%+
S T - i I
N i ./ *© Oz+
_._.\.‘_/_ Bg/__‘ + + 9 Q + | +
i | 7 oll® |3 o]l®
oL i el i Ne 0 |0 0 | o
§ +® O+ +0) O+
olo olo
Origin on 4mm
Asymmetricunit 0<x<35; 0<y<j; 0<z<j x<y
Symmetry operations
For (0,0,0)+ set
(11 (22 0,0,z (3) 40,0,z 4 4 0,0,z
(3) m x,0,z 6) m 0,y,z (7) m x,%,z ®) m x,x,z
For (4,4, 1)+ set
(D) 2(5,1,1) (2) 2(0,0,3) 5.5,z (3) 47(0,0,5) 0,3,z 4) 4°(0,0,5) 3,0,z
) n(5,0,3) x,3,2 6) n(0,3,3) .52 (7) ¢ x+3,%2 ®) n(5,5,5) xxz
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CONTINUED

Generators selected (1); ¢

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

No. 107

(1,0,0); £(0,1,0); £(0,0,1); #(3,3,3); (2); (3); (5)

Coordinates

(0’0’0)+ (%7%’%)+

I4dmm

Reflection conditions

General:

16 e 1 D) x,v,z 2) x,9,z 3) ¥,x,z 4) y, %,z hkl : h4+k+1=2n
(5) x,y,z (6) X,y,z (1) 3,%,2 (8) y,x,2 hkQ = h+k=2n
Okl : k+1=2n
hhl : 1 =2n
00l : [=2n
h00: h=2n
Special: as above, plus
8 d .m. x,0,z x%,0,z 0,x,z 0,%,z no extra conditions
8 ¢ ..m X,X,Z X%,z X,x,z X, %,z no extra conditions
4 b 2mm. 0,1,z 1,0,z hkl : 1=2n
2 a 4mm 0,0,z no extra conditions

Symmetry of special projections
Along [001] p4mm

a=ji(a—b) b =i(a+b)
Origin at 0,0,z

Maximal non-isomorphic subgroups
I [2171411(4,79) (
[2112m1 (Imm?2,44) (1; 25 5; 6)
[21121m(Fmm?2,42) (1; 2; 7; 8
IIa [2]P4,mc (105) 1;
[2] P4nc (104) 1;
[2]1 P4,nm (102) 1
[2] P4mm (99) 1
IIb none

Along [100] c1m1
a=b b'=c
Origin at x,0,0

4, 7; 8)+(5,3,3)
6; 7; 8)+ (3,3,5)
4; 5, 6)+(3,3,3)
6: 7; 8

Maximal isomorphic subgroups of lowest index
IIc  [3]114mm (¢ =3¢)(107); [91I4mm (a’ = 3a,b’ = 3b) (107)

Minimal non-isomorphic supergroups
I [2114/mmm (139)
11 [21C4mm (¢’ = ic) (P4mm, 99)

399

Along [110] p1m1
a’ =;(—a+b)
Origin at x,x,0

1
b’:5c
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10
C4v

I4cm

I4cm
No. 108

Origin on 4ce
Asymmetricunit 0<x<i; 0<y<}i; 0<z<}4

Symmetry operations

For (0,0,0)+ set

(1)1 (22 0,0,z

) ¢ x,0,z ©6) ¢ 0,y,z

For (4,4, 4)+ set

(D) 1(5,4,3) (2) 2(0,0,) 1,12
) a xiz ©) b iz

Copyright © 2006 International Union of Crystallography

3) 47 0,0,z
T ¢ x,%,z

(3) 4+<0a0a%) 0>%>Z
() m x+3,%z

4mm Tetragonal
Patterson symmetry 14 /mmm
L i 4
2 2
00 o0
‘O OF ‘O Ok
Lo [ O- FO | O
o i O
+ |3+ @ O + %+
O | O
© | OF
%+ + Q @ %+ +
©|0 L o0
0 |_ok -0 b
L@ O~ FO  On
@0, ©JO)
+ %+ + %+
;X
4 4 0,0,z
®) ¢ x,x,z
(4) 47(0,07%) %,O,Z
®) g(5,5,0) xx.2
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CONTINUED No. 108

Generators selected (1); #(1,0,0); #(0,1,0); £(0,0,1); #(,1,1); (2); (3); (5)

I4cm

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, L
Site symmetry (0,0,0)+  (3,7,3)+ General:
16 d 1 D) x,v,z 2) x,9,z 3) ¥,x,z 4) v, %,z hkl : h+k+1=2n
(5) x,7,2+ 3 (6) X,y,2+ 3 7 3,52+ 3 (®) y,x,24 3 hkO : h+k=2n
Okl : k,l=2n
hhl : 1=2n
00/ : I=2n
h00: h=2n
Special: as above, plus
8 ¢ ..m XX+ 1,2 XX+ 1,2 X+ 1,x,2 X+ 1,%,2 no extra conditions
4 b 2.mm 1,0,z 0,1,z hkl : 1 =2n
4 a 4.. 0,0,z 0,0,z+3 hkl : 1=2n
Symmetry of special projections
Along [001] p4mm Along [100] p1m1 Along [110] p1m1
a=1i(a—bh) b = i(a+b) a=3ib b =jc a'=1(—a+b) b =lc
Origin at 0,0, z Origin at x,0,0 Origin at x,x,0
Maximal non-isomorphic subgroups
I [217411(4,79) (1; 25 3; 4)+
[2112c1 (Iba?2,45) (1; 2; 5; 6)+
[21121m(Fmm?2,42) (1; 2; 7, 8)+
IIa [2]P4,bc(106) 1;2;7; 8 (3; 4, 5, 6)+ (5,1, %)
[2] P4cc (103) 1; 2; 3; 4, 5, 6; 7, 8
[2] P4,cm (101) 152,56, (3; 45 75 8)+(5,1,%)
[2] P4bm (100) 15 2; 3; 45 (55 6; 75 8)+(5,4,%)
IIb none

Maximal isomorphic subgroups of lowest index
Ic [3]74cm (e =3¢)(108); [9]I4cm (a’ = 3a, b = 3b) (108)

Minimal non-isomorphic supergroups
I [2]114/mcm (140)
11 [21C4mm (¢ = ic) (P4mm, 99)

401
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11
C4v

14, md

14, md

No. 109

Origin on 2mm on2m1
Asymmetric unit

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

(11 (2) 2(0,0,3) i1,z (3) 4
(5) m anaZ (6) n(07%7%) iayaz (7) d(—
For (4,3, 1)+ set

(1) #(5,

3
3,1) (2)2 0,0,z
() n(3,0,3) x5,z

(6) m 0,y,z

Copyright © 2006 International Union of Crystallography
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4mm Tetragonal
Patterson symmetry /4/mmm
1y 1+
o o %99 o o
ONNG®
+® O+ lp®l+ + +
4 4
oot ol
OO 4y | o QP
O
;OO %Q 00,
ol ras I it
1 1
it it
olg 9 olo
@)
+® O+ lp®l+ +® +
3 3
_%7%az (4) 47(0?0a%) %a_%az
X+%,X,Z (8) d(ia%v%) x+§,x,z
3192 4) 4°(0,0,5) 3,32
x+]¢,i,z (8) d(ia%a%) xfﬁ,x,z
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CONTINUED

No. 109 [4,md

Generators selected (1); #(1,0,0); #(0,1,0); £(0,0,1); #(,1,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, L
Site symmetry (0,0,0)+ (3,5,3)+ General:
16 ¢ 1 (D) x,y,z Q) x+35,5+35,2+3 Q) y,x+35,2+3 4) y+3.%z+3 hkl : h+k+1=2n
G xyz (O X+iy+izts (D 3,5 +35,243 ®) y+ixzti AKO: htk=2n
Okl : k+1=2n
hhl : 2h+1=4n
00l : [=4n
h00: h=2n
hh0: h=2n
Special: as above, plus
8 b .m. 0,v,2 L4243 V,5,2+3 y+15,0,z+ 3 no extra conditions
4 a 2mm. 0,0,z 0,35,z+3 hkl © 1=2n+1
or 2h+1=4n

Symmetry of special projections
Along [001] p4gm

a=1(a—bh) b =1i(a+b)
Origin at 1, 1,2

Along [100] c1m1
a=>b b'=c
Origin at x,0,0

Maximal non-isomorphic subgroups

I [2]74,11(4, 80) (13 2; 3; 4)+
2112m1 (Imm2,44) (1; 2; 5; 6)+
21121d (Fdd2,43) (1; 2; 7; 8)+

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]174,md (¢ =3c)(109); [9]114,md (a' = 3a,b’ = 3b) (109)

Minimal non-isomorphic supergroups
I (2114, /amd (141)
II  [2]1C4,md(c = ic) (P4,nm, 102)
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Along [110] c1m1
a'=ji(—a+b)
Origin at x,x,0

1
bI—EC
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i 41 C d Civz dmm Tetragonal

No. 110 I 41 cd Patterson symmetry /4/mmm
3 1+
+ 1 @O + %+
®’ o O
YRS WSS 8 3 313
HER AN T N AN 1 ' O, "
4 NESV N T W 2 1 3, ¢
. +
v __\_/__/Q,__ls 4 4 l ,
AN | /’\'\ ) st P~ 1 | ~2*
N |/ ~ 1% 0/|®) 2% + 0/@)
0 ST TR STHER | (OB NO.
AT RN 910, o
U N S N ;p®1+ N
A VR, o _~§\_ =N 4 4 4 4
i 3 1
SEN oA 1, z+®02+ . 1,
.\\l".\\:/ feR o} 8 82
%p O+ IOG)J %+ +
rad ras
Origin on2c1
Asymmetricunit 0<x<i; 0<y<i; 0<z<;
Symmetry operations
For (0,0,0)+ set
(1)1 (2) 2(0,0,3) i1,z (3) 47(0,0,5) —1,5.2 4) 4°(0,0,5) 1,—3,2
(5) ¢ x,0,z 6) b 1,z (M) d(—1,5,1) x+3,%2 (8) d(3,5,5) x+35,x2
For (4,4, 1)+ set
(1) 1(3,4,1) @) 2 0,0, 3) 4(0,03) 442 (&) g0 5
(5) a x,%,Z (6) Cc O,y,z (7) d(%afZaZ) x+Zava (8) d(ZaZaZ) X 1,%,2
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CONTINUED

Generators selected (1); #(1,0,0); #(0,1,0); £(0,0,1); #(,1,1); (2); (3); (5)

Positions

Multiplicity, Coordinates

Wyckoff letter, L

Site symmetry (0,0,0)+  (3,7,3)+

16 b 1 (1) x,y,z (2) X+ 3,7+ 15,2+ 3 B yx+31,2+;
(S) x,5.2+ 3 (6) X+ 3,y+ 71,2 UNESENES

8 a 2.. 0,0,z 0,1,z+1 0,0,z+3 0,3,243

Symmetry of special projections

Along [001] p4gm Along [100] p1m]1

a =1i(a—bh) b’ =i(a+Db) a=;b b =lc

Origin at 1,4,z Origin at x,0,0

Maximal non-isomorphic subgroups

I (2114, 11(14,,80) (1; 2; 3; 4)+
[2112¢1(Iba2,45)  (1; 2; 5; 6)+
[21121d (Fdd2,43) (1; 2; 7; 8)+

IIa  none

IIb  none

Maximal isomorphic subgroups of lowest index
IIc  [3]114,cd (¢ =3¢)(110); [9]114,cd (a’ = 3a,b' = 3b) (110)

Minimal non-isomorphic supergroups
I (2114, /acd (142)
Il [2]1C4,md(c = ic) (P4,nm, 102)

405

No. 110

4) y+3,%2+3
@) y+i,x2+3

Along [110] ¢1
a'=j(—a+b)
Origin at x,x,0

I4,cd

Reflection conditions

General:

hkl

ch+k+1=2n
hkO :
Okl
hhl :
00! :
h00 :
hho

h+k=2n
k,l=2n
2h+1=4n
l=4n
h=2n
h=2n

Special: as above, plus

hkl

ml

: 2h+1l=4n

1
b/ZEC



International Tables for Crystallography (2006). Vol. A, Space group 111, pp. 406—407.

- | )
P42m D2d 42m Tetragonal
No. 111 P42m

Patterson symmetry P4/mmm

o)) 0JO)
O O- +Q O-
-O O+ -O O+
ol ojle
0]1O) O]1O)
+O O- +O O-
-O O+ -O O+
00 clo
Origin at 42m
Asymmetric unit 0<x<3; 0<y<i; 0<z<I; x<y
Symmetry operations
(H 1 2) 2 0,0,z (3) 4+ 0,0,z; 0,0,0 4) 4-0,0,z; 0,0,0
(5)2 0,0 ©6) 2 x,0,0 (7) m x,% 2 (8) m x,x,2
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No. 111

CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8 o 1 (1) x,y,z (2) x,9,2 3) y,x,Z 4 y,x,Z
(5) ¥, y,2 (6) x,y,2 (1) y,%,z ®) y,x,z

4 n .m X,X,Z X,X,2 X,X,Z X,x,Z

4 m 2. 0,4,z 1,0,z 0,4,z 30,2

4 1 2. x,3,0 %, 3,0 1,%,0 4,x,0

4 k .2. x,0, 3 x,0,% 0,%, 3 0,x,%

4 2. X503 X33 5% 3 3% 3

4 i 2. x,0,0 x,0,0 0,x,0 0,x,0

2 h 2.mm 5,5:2 55,2

2 g 2.mm 0,0,z 0,0,z

2 f 222. 5,0, 3 0,1,3

2 e 222. 5,0,0 0,3,0

1 d 42m 5,1,0

1 ¢ 42m 0,0,3

1 b 42m 5033

1 a 42m 0,0,0

Symmetry of special projections
Along [001] p4mm

a=a b'=b

Origin at 0,0,z

Along [100] p2mm
a=>b b'=c¢
Origin at x,0,0

a'=j(—a+b)
Origin at x,x,0

Maximal non-isomorphic subgroups

P42m

Reflection conditions

General:

no conditions

Special:

no extra conditions
hkl : h+k=2n
no extra conditions
no extra conditions
no extra conditions
no extra conditions
no extra conditions
no extra conditions
hkl : h+k=2n
hkl : h+k=2n
no extra conditions
no extra conditions
no extra conditions

no extra conditions

Along [110] p1m1

b'=c

I [21P411 (P4, 81) 1; 2; 3; 4
[21P21m(Cmm2,35) 1;2; 7; 8
[21 P221(P222, 16) 1;2;5 6
IIa none
IIb [2]P42c (¢ =2¢)(112);[2]C42d (a' =2a,b =2b) (P4b2, 117); [2]1C42m (a’ = 2a,b’ =2b) (P4m2, 115);

[21F42c¢(a =2a,b =2b,¢ =2c¢) I4c2, 120); [2] F42m (a' =2a,b' = 2b,c¢ =2¢) (I4m2, 119)

Maximal isomorphic subgroups of lowest index
IIc [2]1P42m(c =2¢)(111);[9]1 P42m (a’ =3a,b’

3b) (111)

Minimal non-isomorphic supergroups
I (2] P4/mmm (123); [2] P4/nbm (125); (2] P4,/mcm (132); (2] P4, /nnm (134); [3] P43m (215)
II  [21C42m (P4m2, 115); [21142m (121)
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International Tables for Crystallography (2006). Vol.

P42c D;
2d
No. 112 P42c
1 1 1
4 4 4
¢ ¢ ¢
R
- / \
e N
s AN
7, &N
s N
10 @ —i
.\ . o '.- . /.
N e
N\ P
l... \- -/ ...l
N,/
i—® ) ®—=;
' ' '
1 1 1
4 4 4
Origin at41c¢
Asymmetricunit 0<x<i; 0<y<}i; 0<z<}i
Symmetry operations
(1 (22 0,0,z (3) 4° 0,0,z; 0,0,
S)2 0.y 6) 2 x,0,3 (N ¢ xXz

Copyright © 2006 International Union of Crystallography

A, Space group 112, pp. 408-4009.

42m Tetragonal
Patterson symmetry P4/mmm
ofo! o)
O r -0 -
o [ o O | o~
oo offo
- |zt - %+
bl - b -
)10, 0](0)
‘0 |_OF ‘O | OF
0 O O O-
0JO) 0O

0 (4) 40,0,z 0,0,0

®) ¢ x,x,z

408
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CONTINUED No. 112

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

P42c

Reflection conditions

General:

8§ n 1 (1) x,y,z (2) %9,z (3) y %,z @) 3,x,2 hhl : 1=2n

(5) x,y,7+4 (6) x,7,2+ 1 (1) 3,%,2+ 1 (8) y,x,2+ 3 007 : 1=2n

Special: as above, plus

4 m 2 0,3,z 1,0,z 0,3,2+3 5,0,2+3 hkl © h+k+1=2n
4 1 2 5,3,2 35,2 3,3.2+3 53,2+ 3 hkl : 1=2n
4 k 2 0,0,z 0,0,z 0,0,z+ 3 0,0,z+3 hkl : 1=2n
4 2 0,y,3 0,y,1 v,0,3 v,0,3 no extra conditions
4 2 X, 5,5 X, 5,1 1,%,3 1,X,3 no extra conditions
4 h 2. 1Y% 19,4 ¥, 3,3 V,3,3 no extra conditions
4 g 2 x,0,1 x,0,1 0,x,3 0,x,3 no extra conditions
2 f 4 1,3,0 3133 hkl : 1=2n
2 e 4 0,0,0 0,0,3 hkl : 1=2n
2 d 222. 0,3, 1,0,3 hkl : h+k+1=2n
2 ¢ 222. 3333 1402 hkl : 1=2n
2 b 222. 5,04 0,3,3 hkl : h+k+1=2n
2 a 222. 0,0, ; 0,0,2 hkl : 1=2n
Symmetry of special projections
Along [001] p4mm Along [100] p2mm Along [110] p1m1
a=a b =b a=>b b =c¢ a =1i(—a+b) b = ic
Origin at 0,0,z Origin at x, 0, Origin at x, x,0

Maximal non-isomorphic subgroups

I [21P411 (P4, 81) 1; 2; 3; 4
[21P21c¢(Ccc2,37) 1;2; 7; 8
[21P221(P222,16) 1;2;5;6

IIa none
IIb [2]C42d(a' =2a,b' =2b)(P4n2,118);[2]C42c(a’ =2a,b' = 2b) (P4c2,116)

Maximal isomorphic subgroups of lowest index
IIc  [3]1P42c (¢ =3c)(112);[9] P42c (a’ =3a,b' = 3b) (112)

Minimal non-isomorphic supergroups
I [21 P4/mcc(124); [2]1 P4/nnc (126); [2]1 P4,/mmc (131); [2] P4,/nbc (133); [31P43n(218)
II [21C42¢ (P4c2,116); [21142m (121); [2] P42m (¢’ = Le) (111)

409
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3
D,

P42, m

No. 113

Origin at41g

Asymmetric unit 0<x<3; 0<y<i; 0<z<I;
Symmetry operations
(1 2) 2 0,0,z

(5) 2(0,4,0) 1,5,0 (6) 2(3,0,0) x,5,0

Copyright © 2006 International Union of Crystallography

(3) 4 0,0,z; 0,0,0
(7)) m x+3,%z2

410

42m Tetragonal
Patterson symmetry P4/mmm
O] ©
+O O
O+ O+
O] . O]
= o =
O-
-O
_ © _
O] i O]
+O +O
O+ O+
O) )

(4) 4 0,0,z; 0,0,0
(8) g<%>%a0) X, X, 2
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CONTINUED No. 113 P42 . m

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates Reflection conditions
Wyckoff letter,

Site symmetry General:

8 f 1 (D) x,y,z (@) x5,z (3) y,%,2 ) y,x,Z h00: h=2n

() F+iy+4I Ox+EIHEE (DI+RFHLT @) y+iatis

Special: as above, plus

4 e ..m X, X+ 1,2 xX+1,2 X+ 1,%7 X+1,x,7 no extra conditions
4 d 2.. 0,0,z 0,0,7 1,32 3,2,2 hkl © h+k=2n
2 ¢ 2.mm 0,1,z 3,0,Z hkO: h+k=2n
2 b A.. 0,0, 111 Wkl : h+k=2n
2 a 4. 0,0,0 110 Wkl : h+k=2n
Symmetry of special projections

Along [001] p4gm Along [100] p2mg Along [110] p1m1

a=a b =b a=b b=c a’ =1i(—a+b) b=c

Origin at 0,0,z Origin at x, 1,0 Origin at x,x,0

Maximal non-isomorphic subgroups

I [21P411 (P4, 81) 1;
[21P21m(Cmm2,35) 1;
[21P22,1(P2,2,2,18) 1

IIa none

IIb [2]P42 c(c =2¢)(114)

;2 3;
2; 7;
2;5

A\ 0

k) k) bl

Maximal isomorphic subgroups of lowest index
Ilc  [21P42 m (¢ =2¢) (113); [9] P42 m(a’ =3a,b/ =3b)(113)

Minimal non-isomorphic supergroups
I (21 P4/mbm (127); (2] P4/nmm (129); [2] P4,/mnm (136); [2]) P4, /ncm (138)
II  [21C42m (P4m2, 115); [21142m (121)

411
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P42, c

4
D,

No. 114 P42, c
1 1
‘i F
®: ' ®
N, 7
[ N\ 7 1
4 N s 3
.. . -/ .
’
‘. 04 ]
.. s N
| 7/ N\ 1
4 ./ .... .._. \. /3
R4 : N
7/ AN
P | ) | P®
1 1
4 4
Origin at41n
Asymmetric unit 0<x<4; <y<i 0<z<4

Symmetry operations

()1
(5) 2(0,5,0) 3,33

Copyright © 2006 International Union of Crystallography

2) 2 0,0,z
(6) 2(5,0,0) x,

£l=
1

412

(3) 4 0,0,z; 0,0,0
i (7) ¢ x+3,%2

Tetragonal

Patterson symmetry P4/mmm

©)
O
O+ oF
I ®
5 =
Os-
+-O
® i
2t ®
O
O+ O+
®

(4) 40,0,z 0,0,0

(®) n(s,5

a%) X, X, 2
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CONTINUED

No. 114

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8 e 1 (Dxyz (2) x,3,2 (3) », %,z 4) y,x,2
G)x+5y+52+: O x+3.5+35.2+5 (Di+5.8+5z2+7 @) y+a.x+3,2+;

4 d 2 07%7Z %?072 %707Z+% 0’;?Z+l

4 ¢ 2 0,0,z 0,0,z 55,2+ 3 51,2+ 3

2 b 4.. 0,0, 1,50

2 a 4.. 0,0,0 TR

Symmetry of special projections
Along [001] p4gm

a=a b'=b

Origin at 0,0,z

Maximal non-isomorphic subgroups

| [2]1P411 (P4, 81) ;3 4
[21P21c(Ccc?2,37) 2;7; 8
[21P22,1(P2,2,2,18) 1 2:5; 6

IIa none

IIb none

Along [100] p2mg
a=b b =c¢
Origin at x, 1,1

Along [110] p1m]1
a’'=;j(—-a+b)
Origin at x, x,0

Maximal isomorphic subgroups of lowest index
Ilc [3]P342,c(c =3c)(114); [9] P42, ¢ (a' = 3a,b/ = 3b) (114)

Minimal non-isomorphic supergroups
I [2] P4/mnc (128); [2] P4/ncc (130); [2] P4,/mbc (135); [2] P4,/nmc (137)
II [21C42¢ (P4c2, 116); [2]1142m (121); [2] P42, m (¢ = %¢) (113)

413

P42, c

Reflection conditions

General:

hhl : 1=2n
00l : [=2n
h00: h=2n

Special: as above, plus

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

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

hkl : h+k+1=2n

1
b/—EC



International Tables for Crystallography (2006). Vol. A, Space group 115, pp. 414-415.

- 5 B
P4dm?2 D2d 4m?2 Tetragonal
No. 115 P ZI- m?2 Patterson symmetry P4/mmm
eJo) eJo)
.,/ N, w7 +O O+ +O O+
’/<'> . <‘>\ +Q) O+ +() O+
00 olo
AN /A
/. ¢ .\
O|® O|®
AN ol +O O+ +O Ok
A A © O © O
©0 ©0

Origin at 4m2

Asymmetric unit 0<x<3; 0<y<i; 0<z<3

Symmetry operations

1)1 2)2 0,0,z (3) 4+ 0,0,z; 0,0,0 4) 4 0,0,z; 0,0,0
B) m x,0,z 6) m 0,y,z 7 2 x,x,0 ® 2 xx,0

Copyright © 2006 International Union of Crystallography 414
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CONTINUED No. 115 P4dm?2

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry General:

8 1 1 (1) x,y,z (2) %9,z (3) ¥, %,Z 4) 9,x,Z no conditions
(5) x,¥,z (6) x,y,z 7 y,x,2 (®) y,%,2
Special:

4 k .m X,1,2 %,35,2 3,%,Z 3,%,Z no extra conditions
4 m x,0,z x,0,z 0,%,7 0,x,2z no extra conditions
4 i 2 X,X, 3 X%, 3 X, %, 3 XX, 3 no extra conditions
4 h 2 x,x,0 x,%,0 x,%,0 x%,x,0 no extra conditions
2 g 2mm. 0,3,z 3,0,Z hkO: h+k=2n
2 f 2mm. 1.5, 3.5,2 no extra conditions
2 e 2mm. 0,0,z 0,0,z no extra conditions
1 d 4m2 0,0, no extra conditions
1 ¢ 4m2 . no extra conditions
1 b 4m2 1,50 no extra conditions
1 a 4m2 0,0,0 no extra conditions

Symmetry of special projections

Along [001] p4mm Along [100] p1m1 Along [110] p2mm
a=a b’ =b a=>b b =c a’ =1i(—a+b) b=c
Origin at 0,0,z Origin at x,0,0 Origin at x,x,0

Maximal non-isomorphic subgroups

I [21P411 (P4, 81) 1; 2; 3; 4
[21P2m1 (Pmm2,25) 1;2;5; 6
[21P212(C222,21) 1;2,7; 8

IIa none

IIb [2]P4c2(c =2¢)(116); [21C4m2, (a' =2a,b' =2b) (P42 m, 113); [2]C4m?2 (a' =2a,b’ =2b) (P42m, 111);
[21 F4m?2 (a' =2a,b' =2b,c¢ =2¢) [42m, 121)

Maximal isomorphic subgroups of lowest index

IIc  [2]1P4m2 (¢ =2¢)(115);[9] P4m?2 (a' =3a,b = 3b) (115)

Minimal non-isomorphic supergroups
I [2] P4/mmm (123); [2] P4/nmm (129); [2] P4,/mmc (131); [2] P4,/nmc (137)
II [21C4m2 (P42m, 111); [2]114m2 (119)

415



International Tables for Crystallography (2006). Vol. A, Space group 116, pp. 416-417.

- . )
P4dc? D2d 4m?2 Tetragonal

No. 116 Pdc? Patterson symmetry P4/mmm
1 1
2 2
1 1 1 ! ! 1 ©JO; ©JO;
N NN 0 v o ok
l/§ E E\l %+® O+ %+® O+
o A olle olle
o : Py - |3 T2
iN S : HpZ!
\§ : : ¢
. ................ Q) ................ .
7 : AN
LI : HI 1 [
: H 27| © 2
! 1 O|® O|®
i Val +O 1t +QO Ly
oereeeersresnesesfrsnssnasisanaens &
VARY l/.\l VARY O O+ MO O+
3 4 3 g g 3 O
- 1- - L
Origin at4c1
Asymmetric unit 0<x<i; 0<y<l; 0<Lz<!s
Symmetry operations
(H 1 2) 2 0,0,z (3) 4* 0,0,z; 0,0,0 4) 4 0,0,z; 0,0,0
(5) ¢ x,0,z ©) ¢ 0,5z (7) 2 x,x,3 (®) 2 x,%3

Copyright © 2006 International Union of Crystallography 416
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CONTINUED No. 116 P4dc?

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 j 1 (D) x,y,z (2) x,5,z (3) y,%,2 ) y,x,2 Okl : 1=2n
() x,3,2+ 5 (6) %,y,2+ 3 (D) yx,2+ (8) y,%,2+5 000 = [=2n

Special: as above, plus

4 i 2. 0,1,2 10,7 0,3,z+3 5,0,7+4 hkl © 1=2n

hkO: h+k=2n
4 h 2. O T R Bl 1 =2n
4 g 2 0,0,z 0,0,z 0,0,z+3 0,0,7+ 1 hkl : 1 =2n
4 f 2 X,X,3 X%, 3 X,%, % XX, 5 no extra conditions
4 e 2 X, X, 3 X%, 1 X,%,3 Xx,3 no extra conditions
2 d i 110 11 Wkl 2 1=2n
2 ¢ &.. 0,0,0 0,0,! Wkl 2 1=2n
2 b 2.22 11 113 Bkl : 1 =2n
2 a 2.22 0,0, 0,0,2 Wkl 2 1=2n
Symmetry of special projections
Along [001] p4mm Along [100] p1m1 Along [110] p2mm
a=a b =b a=>b b =1ic a’ =i(—a+b) b=c
Origin at 0,0,z Origin at x,0,0 Origin at x,x,

Maximal non-isomorphic subgroups
I [2]1 P411(P4,81) 1; 2,3, 4
[21P2c1 (Pcc2,27) 1; 2, 5,6
[2]1P212(C222,21) 1;2;7; 8

IIa none
Ib [2]Cic2, (a =2a,b' =2b) (P42,c, 114); [2] Cdc2 (a' = 2a,b' = 2b) (P42c, 112)

Maximal isomorphic subgroups of lowest index
IIc  [3]P4c2 (¢ =3c)(116); [9] P4c2 (a’ =3a,b' = 3b) (116)

Minimal non-isomorphic supergroups
| [2]1 P4/mcc (124); [2] P4/ncc (130); [2] P4,/mcem (132); [2] P4,/ncm (138)
II [21C4c2(P42c, 112); [2]114¢2(120); [2]1 PAdm2 (¢ = ic) (115)
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P4b?2

No. 117

Origin at 412,

Asymmetric unit

7
D,

P4b2
AV N, AV
—I ————— I.— — —
T |
N L
| |
/0 | P | 0\
—l ————— I— — —
| |
Ne %
/Q\ /‘\ /@\
0<x<3 0<y<s; 0<¢z

Symmetry operations

(1

(5) a x,1,2

Copyright © 2006 International Union of Crystallography

(2) 2 0,0,z
6) b 1,32

(3) 4+ 0,0,z; 0,0,0
(7) 2(%7%70) x>-xa0

<

[SIE

418

4m?2 Tetragonal
Patterson symmetry P4/mmm
© O)
+O +O
O+ O+
O, i} O,
= o =
OF
+©
_ O _
O] O]
+O O
O+ O+
O ©

(4) 40,0,z 0,0,0
8) 2 x,x+3,0
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CONTINUED

Generators selected

(1); ¢(1,0,0); ¢(0,1,0); £(0,0,1); (2); (3); (5)

3) »x,z

(D y+sx+3,2

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
8 i 1 (1) x,y,z (@) x5,z

S x+3,9+71.2 (6) X+ 3,5+ 75,2
4 h .2 XX+ 3,3 X433 X+ 5,53
4 g 2 x,x+ 3,0 X,xX+13,0 x+1,%,0
4 f 2 07;’Z %7()7Z %’07Z 07%72
4 € 2 0707Z 0707Z %’%7Z %’%72
2 d 2.22 0,1,3 1,0,1
2 ¢ 2.22 0,:,0 £,0,0
2 b 4. 0,0, 3 ER
2 a 4 0,0,0 13,0

Symmetry of special projections
Along [001] p4gm

a=a b'=b

Origin at 0,0,z

Along [100] p1m1
a=1b b'=c
Origin at x,0,0

Maximal non-isomorphic subgroups
I [2]1 P411(P4,81) ;253 4

1
[21P2b1(Pba2,32) 1;2;5;6
[21P212(C222,21) 1;2;7;8

IIa none
IIb [2]P4n2(c =2c)(118)

Maximal isomorphic subgroups of lowest index
Ilc

Minimal non-isomorphic supergroups

I [2] P4/nbm (125); [2]1 P4/mbm (127); [2] P4,/nbc (133); [2] P4,/mbc (135)

I [21CAm2(P32m, 111); [2]114¢2 (120)

[21 P4b2 (¢ =2¢)(117); [9] P4b2 (a' = 3a,b’ = 3b) (117)

419

1
X+ 7% 3

X+1,x,0

No. 117

P4b2

Reflection conditions

General:
4) y,x,z Okl : k=2n
8) y+41,x+13,z h00: h=2n

Special: as above, plus

no extra conditions
no extra conditions
hkl © h+k=2n

hkl : h+k=2n

hkl : h+k=2n
hkl : h+k=2n
hkl : h+k=2n
hkl : h+k="2n
Along [110] p2mm
a’ =1i(—a+b) b =c

Origin at x,x,0
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P4n?

No. 118

8
D;,

P @
AT VTR
3 : r
_____ N S
1 ! ! 1
3 3
AN ! ! vl
I |
l/ | I \l
4 4
S S L
1 I ! 1
3 ] | 3
AN : /A
O——0—1—®
N XN VARN
4 3 4 4 4 4
Origin at 4
Asymmetric unit 0<x<3; 0<y<l;, 0<z<

Symmetry operations

(1 1
(5) n(5,0,3) x,1,2

2) 2 0,0,z
(6) n(0>%>%) i,y,Z

Copyright © 2006 International Union of Crystallography

(3) 4* 0,0,z 0,0,0
(7 2(3,1,0) xx5

420

4m?2 Tetragonal
Patterson symmetry P4/mmm
O] O]
+O +O
O+ O+
® | ®
5 =
O+
tAdO)
_ O _
Q 3 o)
+O +O
Ok O+
O] )

(4) 4- 0,0,z 0,0,0
@) 2 xx+1,3
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CONTINUED

Generators selected

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8 i 1 (1) X, )2 (2) 27)_}7Z
G)x+5,9+5,2+5 (O) X+35y+35,2+;5

4 h 2 0,3,z 3,0,2 5,0,2+3

4 ¢ 2 XX+ 3,3 X X+3,5 x+

4 f .2 X, E+1,5 Xx+i,3 X+

4 e 2 0,07Z 07072 %?%7Z+%

2 d 2.22 0,73 3,03

2 Cc 2.22 07%?4]_1 %aO’%

2 b 4.. 0,0,1 13,0

2 a 4 07070 %>%a%

Symmetry of special projections
Along [001] p4gm

a=a b'=b

Origin at 0,0,z

a=>b

Maximal non-isomorphic subgroups
I [21P411 (P4, 81) 1; 2; 3; 4

[21P2n1 (Pnn2,34) 1;2; 5,6
[21P212(C222,21) 1;2;7; 8

IIa none

b [2]F4d2(a = 2a,b' = 2b,¢ = 2¢) (142d, 122)

Maximal isomorphic subgroups of lowest index
IIc

Minimal non-isomorphic supergroups

(1); ¢(1,0,0); ¢(0,1,0); £(0,0,1); (2); (3); (5)

3) »xz
(N y+3x+35,2+3

Along [100] c1m1
b =c
Origin at x,0,0

[3]1P4n2 (¢ =3¢) (118); [9] PAn2 (a' = 3a,b' = 3b) (118)

No. 118

) y,x,2
®) y+3,5+3,2+5

Reflection conditions

General:

Okl : k+1=2n
00l : [=2n
h00: h=2n

Special: as above, plus
hkl : h+k+1=2n
no extra conditions

no extra conditions
hkl : h+k+1=2n
hkl : h+k+1=2n
hkl © h+k+1=2n
hkl : h+k+1=2n

hkl : h+k+1=2n

Along [110] p2mm

a'=3(—-a+b)
Origin at x, x,

I [21 P4/nnc (126); [2]1 P4/mnc (128); [2] P4,/nnm (134); [2] P4,/mnm (136)
II [21C4c2(P42¢c, 112); [2]114m2 (119); [2] P4b2 (¢ = tc) (117)

421

b =c
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— 9 B
[4m?2 D2d 4m?2 Tetragonal
No. 119 I4m?2 Patterson symmetry /4/mmm
SR S G S 6
o NS N A OO®® OOQG)
@ @ @ ) - - '
R RN @ [ O “© | O
I oo iy ol
Lw 1 1 O @
! S SR O | o
V4 ! ! <'>\ l+® Ol+
ir [ i | 2
R Ry ooee
%\ | . I A1 O @ 22 O @
S B 0 |_o- 0 | o
N 7N N +® O+ +® O+
l/ AN ’ AN V4 RN ®0
I ©o o)
Origin at 4m2
Asymmetric unit 0<x<3; 0<y<i; 0<z<;3
Symmetry operations
For (0,0,0)+ set
(1 2) 2 0,0,z (3) 47 0,0,z; 0,0,0 4) 4~ 0,0,z; 0,0,0
) m x,0,z ©) m 0,y,z 7 2 x,x,0 ®) 2 x,x,0
For (3,3,3)+ set
(D 1(3,1,3) (2) 2(0,0,3) 3.5,z (3) 4" 3,0,z 1,0,5 4) 4 0,5,z 0,53
(6 n(3,0,3) x5,z 6) n(0,3,5) 1,52 (7 2(3,5,0) xx,;5 (8) 2 x,x+1,3
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CONTINUED

Generators selected (1);

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

16 j 1 1) x,y,z
5) x,9,z
8 i m x,0,z
8 h ..2 X, X+ 3,3
8 2 x,x,0
4 f 2mm 0,1,z
4 e 2mm. 0,0,z
2 d 4m2 0,3,3
2 ¢ 4m2 0,44
2 b 4m2 0,0, 3
2 a 4m2 0,0,0

No. 119

1(1,0,0); £(0,1,0); #(0,0,1); #(3,3,3); (2); (3); (5)

Coordinates

(0’0’0)+ (%7%’%)+

2) %,3,z (3) y, %,z @) 7,x,Z
(6) %,y,z (7 y,x,2 8) y,%,7
x,0,z 0,%,7 0,x,7
o Xx+1,3 X+ 35,%,3 X+ 3,x,2
x,%,0 x,X%,0 X,x,0
3,0,Z
0,0,z

Symmetry of special projections

Along [001] p4mm
a=1i(a—bh) b =1i(a+b)
Origin at 0,0,z

Maximal non-isomorphic subgroups

I [217411(4,82)
[2112m1 (Imm?2, 44)
[211212(F222,22)

IIa [2]1P4n2(118)
[21P4n2(118)
[21P4m?2 (115)

[2]1 P4m2 (115)

IIb none

Reflection conditions

General:

hkl : h+k+1=2n
hkO: h+k=2n
Okl : k+1=2n
hhl : 1 =2n

00l : I=2n

h00: h=2n

Special: no extra conditions

Along [100] c1m1 Along [110] p2mm
a=b b=c a’ =1i(—a+b) b =1ic
Origin at x,0,0 Origin at x,x,0

(1; 23 3; 4)+

(1; 2; 5; 6)+

(1; 2; 7; 8)+

1;2; 3; 4; (5; 6, 75 8)+(4,%,%)

1;2;7; 8 (3; 4, 5, 6)+(4,%,%)

1; 2; 3; 4, 5,6, 7; 8

152, 5,6, (3; 4 7; 8) +(5,4,%)

Maximal isomorphic subgroups of lowest index
IIc  [3]74m2(c =3¢)(119); [9]114m2 (a’ =3a,b’ = 3b) (119)

Minimal non-isomorphic supergroups
I (2114/mmm (139); (2114, /amd (141); [3] F43m (216)
II  [2]1C4m2(c = ic)(P42m, 111)

423
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[4c2 D,
C 2d
No. 120 l4c?2
1 1 1 11 1
4 4 3 4 3 3
\\ /4 \\ // \\ /4 o
+
/q) ....... [reseee ®f ....... : ....... <!>\ P
o ; ¥ i X :
INCH I G
4 MY . 1. 4
% 7 | : | .4
....... JeseesaaDoreraseonnnnns
1 »’(‘) | Q) I ?\ |
V4 : ; ; AN
lw 1 1 I 1
4 : ] o 4
\Q) ....... R S oo, @” +O
7\ N 7N\ O
’ N V4 X ¥’ X
1 1 1 11 1
4 4 4 4 4 4
Origin at 4c2,
Asymmetric unit 0<x<3; 0<y<i; 0<z<g
Symmetry operations
For (0,0,0)+ set
(1 1 (2) 2 0,0,z (3) 4* 0,0,z; 0,0,0
(5) ¢ x,0,z 6) ¢ 0,3z (M 2 xx,;
For (3,3,3)+ set
(D) 1(5,1,1) (2) 2(0,0,3) i1,z (3) 4" 1,0,z 1,0,4
(5) a x,3,z 6) b 1,2 (7 2(3,3,0) x,x,0

Copyright © 2006 International Union of Crystallography
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On

4m?2 Tetragonal
Patterson symmetry /4/mmm
_ - -
O, ©JO)
b 0 Ok
O- FO | O«
o |l 0P
o |r
O O
‘© | OF
_ @ O | -
© e Ol
O3+ +O O} 4
O- FO O
F - F

4) 4 0,0,z; 0,0,0

(8) 2 xx3

(4) 217 07%?Z; 07%?41_1
8) 2 x,x+1,0
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CONTINUED

Generators selected

No. 120

(1); #(1,0,0); £(0,1,0); £(0,0,1); #(3,3,3); (2); (3); (5)

l4c?2

Reflection conditions

General:

hkl :
hkQ :

h+k+1=2n
h+k=2n

Positions
Multiplicity, Coordinates
Wyckoff letter, O
Site symmetry (0,0,0)+  (3,7,3)+
6 i 1 (D) x,y,z () x,5,z (3) y.%,Z ) y,x,2
(S) x, 3,2+ 3 (6) X, 2+ 3 (D) y,x,2+3 (8) ¥,%,2+3
8 h 2 x,x+ 1,0 X,x+1,0 x+1,%,0 X+ 3,x,0
8 2" 07%7Z %7()7Z 07%’Z+; %707Z+%
8 f 2 0,0,z 0,0,z 0,0,z+ 3 0,0,z+ 3
8 e 2 X,X,% fa“ﬂi X,.f,% fv-xv%
4 d 2.22 0,1,0 1,0,0
4 c Zl- O?%?i 0’%7%
4 b 4 0,0,0 0,0,3
4 a 2.22 0,0,1 0,0,3

Symmetry of special projections
Along [001] p4mm

a=1i(a—bh) b =1i(a+b)
Origin at 0,0,z

Along [100] p1m1
a=ib b = ic
Origin at x,0,0

Maximal non-isomorphic subgroups

I [217411(14,82) (1; 2; 3; 4)+
[2]112¢1(Iba2,45)  (1; 2; 5; 6)+
[2]17212(F222,22) (1;2; 7; 8)+

IIa [2]1P4b2(117) 1525 3, 45 (56, 75 8)+(5,1,1)
[21 P3b2 (117) 15 2;7; 8 (3; 45 55 6) +(3,5,3)
[2]1 P4c2 (116) 1; 2; 3;4; 5,6, 7, 8
[2] PAc2 (116) 1;2; 5, 6; (3; 4,75 8) +(5,3,1)

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]74c2(c =3c)(120); [9]174¢2 (a’ = 3a,b’ = 3b) (120)

Minimal non-isomorphic supergroups
I [21714/mcm (140); [2114, Jacd (142); [3] F43¢ (219)
II [21C4m2 (¢ = ic) (P42m, 111)

425

0kl :
hhl :
00! :
h00 :

k,l =2n
l=2n
l=2n
h=2n

Special: as above, plus

no extra conditions
hkl : 1 =2n
hkl : 1 =2n
no extra conditions
hkl : 1 =2n
hkl : 1 =2n

hkl : 1 =2n

Along [110] p2mm
a'=ji(—a+b)
Origin at x,x,0

1
bI—EC
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1 11
[42m D2d 42m Tetragonal
No. 121 142m Patterson symmetry /4/mmm
: : oJo ofo
I S S B O ‘0 o 0 O
NZEENZ 0 [ O O | o~
i~ 0 | O ki QO
R4 N\, ®©
._@‘1/ \®/ \1<'>_, +O © O1-
"4\. / \ ./4" 3O O3+
[ '\§ ." 1 .| - @ @ 4] -
* N e ) 0](0] i A 0](0]
<_<'>/ \.2’415./- \<‘>—> +O O_ *O O_
ol © o © O
; | 00 ©0
Origin at 42m
Asymmetric unit 0<x<i; 0<y<i; 0<z<4 x<y
Symmetry operations
For (0,0,0)+ set
(1 ()2 0,0,z (3) 4* 0,0,z 0,0,0 4) 4 0,0,z; 0,0,0
%) 2 0,y0 (6) 2 x,0,0 (7 m x,x,z @®) m x,x,z
For (5,4, 1)+ set
(1 #(5,3,3) (2) 2(0,0,3) i3,z (3) 4 5,0,z 4,05 4 4 0,5,z 0,5,3
(5) 2(0,3,0) 3,35 (6) 2(3,0,0) x,5,3 (M ¢ x+3,%z ®) n(3,3,3) xxz
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

16 j 1 1) x,y,z
5) x,,Z
8 i m X,X,Z
8 h 2.. 0,3,z
8 2 x,0,3
&8 f .2 x,0,0
4 e 2.mm 0,0,z
4 d 4.. 0,3,3
4 ¢ 222. 0,3,0
2 b 42m 0,0,3
2 a 42m 0,0,0

(1); #(1,0,0); £(0,1,0); £(0,0,1); #(3,3,3); (2); (3); (5)

Coordinates

2) %,9,z (3) y, %,z 4) y,x,z
6) x,3,Z (7) 3,%,2 (8) y,x,z

XX,z x,%,Z X,x,Z

£,0,2 0,3,2 5,0,z

%,0,3 0,%,3 0,x,3

x,0,0 0,%,0 0,x,0

0,0,z

0,53

1,0,0

Symmetry of special projections

Along [001] p4mm
a=1i(a—bh) b =1i(a+b)
Origin at 0,0,z

Along [100] c2mm
a=>b b'=c
Origin at x,0,0

Maximal non-isomorphic subgroups

I [217411(4,82)
[21121m (Fmm?2, 42)
[211221(1222,23)

IMa [2]P42c(114)

[2]1 P42, m(113)

[21P42¢ (112)

[21P42m (111)
IIb none

(1; 2; 3; 4)+

(1; 2; 7; 8)+

(1; 2; 5; 6)+

13235 45 (56, 75 8) + (3,3, %)
1,2, 7,8 (3; 4,5, 6)+ (3,4,2)
152, 5, 6; (3; 45 75 8) + (4,4,1)
1; 2; 3; 4,5, 6,7, 8

Maximal isomorphic subgroups of lowest index

e  [31742m(c = 3c) (121)

:[9]1742m (a' = 3a,b’ = 3b) (121)

Minimal non-isomorphic supergroups
I [2174/mmm (139); [2]14/mcm (140); [3]1143m (217)
II  [2]1C42m(c = ic) (PAdm2, 115)

427

No. 121

Reflection conditions

General:

hkl : h+k+1=2n
hkO: h+k=2n
Okl : k+1=2n
hhl : 1=2n

00/ : I=2n

h00: h=2n
Special: as above, plus
no extra conditions
hkl : 1=2n

no extra conditions
no extra conditions
no extra conditions
hkl : 1=2n

hkl : 1=2n

no extra conditions

no extra conditions

Along [110] p1m1
a’ =1i(—a+b) b =1ic
Origin at x,x,0

142 m
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142d

No. 122

12

Tetragonal

Patterson symmetry /4/mmm

3 1 3 1 3
8 8 8 8 8 - %+ _
! } | } | 0 O, ®© O%_ 0 ®
%‘_® 7\, <‘l> 7N, <‘>_'% O O O
/'/ \'\ 4 // \'\ _G) * %_ ®l+ _G) *
. . . i
i (_\ ‘ ,_}(_\ ’ ) — 3 }- 3
. . . K4 ® 3_1, ©) ©) 3
la @l \'\./', \'\_/'/ 1 1 o* 0O OX
8 <l>4 2N\, <’> N\, 4<‘>"s O O O
7w ~ N\ 33 1y 38
’ .\. ./. \ 4 ®%+ %_(D 27 4 ®%+
K0 o _
N\, 7
SN - 0® 9ot
1o N/ N/ 1
¢ ¢ &~ O, 0 o
A © e, o0
3 1 3 1 3 - i -
3 8 8 8 8
Origin at 4
Asymmetric unit 0<x<i; 0<y<l1; 0<z<1}
Symmetry operations
For (0,0,0)+ set
(H 1 2) 2 0,0,z (3) 4 0,0,z; 0,0,0 4) 4 0,0,z; 0,0,0
®) 2 Ly (6) 2(3,0,0) x,0,3 (7) d(3,—3,3) x+3,%2 ®) d(3,5,3) x+1,x2
For (4,4, 1)+ set
(1) t(3,3,3) (2) 2(0,0,3) 4,1,z (3) 4" 1,0,z 3,0,5 4) 4 0,5,z 0,5,5
(5) 2(07%70> 07y7% (6) 2 x7%7% (7) d(_%a%>%) X %afaz (8) d(%?%?%) 'x_%ax,z

Copyright © 2006 International Union of Crystallography
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CONTINUED

Generators selected (1); #(1,0,0); #(0,1,0); £(0,0,1); #(,1,1); (2); (3); (5)

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

(0’0’0)+ (%7%’%)+

16 e 1 () x,,z (2) x,5,2 3) »x,2
(S) X+3,3,2+3 (6) x+3,5,24 3 (D y+3.%52+3

8 d .2 X555 X005 %, g 1%, 3

8 ¢ 2 0,0,z 0,0,z 5,0,7+3 5,0,2+%
4 b 4 0,0, 5 5,0, 5

4 a 4. 0,0,0 10,2

Symmetry of special projections

Along [001] p4gm Along [100] c2mm
a=ji(a—b) b’ =i(a+Db) a=>b b =c
Origin at 0,0,z Origin at x,0, 3

Maximal non-isomorphic subgroups

I 217411 (14, 82) (1; 2; 3; 4)+
[21121d (Fdd2,43)  (1; 2; 7; 8)+
[211221(12,2,2,,24) (1; 2; 5; 6)+

IIa  none

IIb none

1

Maximal isomorphic subgroups of lowest index
IIc [3]742d (¢ =3c¢)(122); [9]1142d (a' =3a,b’ = 3b) (122)

Minimal non-isomorphic supergroups
I (2114, /amd (141); [2]114,/acd (142); [3]1143d (220)
II  [2]1C42d(c = le)(Pdn2, 118)

429

No. 122

Reflection conditions

General:

®)y+ixz+? hkO: h+k=2n

Okl : k+1=2n
hhl : 2h+1=4n
000 : [=4n
hOO: h=2n
hhO: h=2n

Special: as above, plus

no extra conditions

hkl : |=2n+1
or 2h+1=4n

hkl : 1=2n+1
or 2h+1=4n

hkl : 1=2n+1
or 2h+1=4n

Along [110] c¢1m1
a=3(-a+b) Db =ic
Origin at x,x,0

142d
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Patterson symmetry P4/mmm

1
P4/mmm D., 4/mmm
No. 123 P 4/m2/m2/m
‘ O S
N~ N ‘@ -0~ -
+D- e -+ +D-
ol S
o
4
Slo &
\ A d / +(» - -(bh+ +(]»- i
-~ \°/ o~ M) ® ®
AN /N AN OSRGE @
96 S
Origin at centre (4/mmm)
Asymmetric unit 0<x<3; 0<y<i; 0<z<4% x<y
Symmetry operations
H 1 2) 2 0,0,z 3) 47 0,0,z 4) 4 0,0,z
(5) 2 0,y,0 ©6) 2 x,0,0 (7) 2 xx,0 8) 2 x70
© 1 0,0,0 (10) m x,y,0 (11) 4* 0,0,z; 0,0,0 (12) 4 0,0,z; 0,0,0
(13) m x,0,z (14) m 0,y,z (15) m x,%,z (16) m x,x,z

Tetragonal

®
_®+

- _®+

=

I@+

_®+

+€D|

Maximal non-isomorphic subgroups

I [2]1 P4m2 (115) 1; 2; 7; 8; 11; 12; 13; 14
[21P42m (111) 1; 2; 5, 6; 11; 12; 15; 16
[21P4mm (99) 1; 2; 3; 4; 13; 14; 15; 16
[2]1 P422(89) 1; 2; 3,4, 5,6, 7; 8
[21P4/m11(P4/m, 83) 1; 2; 3; 4; 9; 10; 11; 12
[21P2/m12/m(Cmmm, 65) 1; 2; 7; 8; 9; 10; 15; 16
[21P2/m2/m1 (Pmmm,47) 1; 2; 5; 6; 9; 10; 13; 14

IIa none
IIb  [2]P4,/mcm (¢ =2¢)(132); [2] P4,/mmc (¢ = 2¢) (131);

[2]1P4/mcc (¢ =2c) (124);

[21C4/emm (a' = 2a,b' = 2b) (P4/nmm, 129); [2] C4/mmd (a' = 2a,b = 2b) (P4/mbm, 127);
[2]1C4/emd (a' =2a,b’ =2b) (P4/nbm, 125); [21 F4/mmc (a’ = 2a,b' = 2b,¢' = 2¢) (I4/mcm, 140);

[2] F4/mmm (@ =2a,b' = 2b,¢ = 2¢) (I4/mmm, 139)

Maximal isomorphic subgroups of lowest index

Ilc [2]P4/mmm (¢ =2¢)(123); [2] C4/mmm (a’ = 2a,b' = 2b) (P4/mmm, 123)

Minimal non-isomorphic supergroups
I [31Pm3m(221)
11 [2]114/mmm (139)
Copyright © 2006 International Union of Crystallography
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CONTINUED No. 123 P4/mmm

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2); (3); (5); (9)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
16 u 1 (1) x,y,z 2) x,9,z 3) y,x,z 4) y, %,z no conditions
(5) x,y,2 6) x,y,2 (7 y,x,2 (8) y,%,2
) x5,z (10) x,y,2 an y,x.z (12) y,x,z
(13) x,y,z (14) x,y,z (15) y,x,z (16) y,x,z
Special:
8 +t .m. X,%,2 X,3,2 30X, 3,%,2 no extra conditions
X7%7Z X7%7Z ;7‘x’_ %7272
8§ s .m. x,0,z x,0,z 0,x,z 0,%,z no extra conditions
x,0,Z x,0,Z 0,x,7z 0,%,z
8 r m X,X,7 X,%,z XX,z X,%,7 no extra conditions
X,X,Z X,X,Z X,X,Z X, X,z
8 g m XV, 3 %V,3 V,X, 3 VX, 3 no extra conditions
‘f’y’z x?)_}’% y7x72 y?'f?%
8 p m.. x,y,0 x,9,0 ¥,x,0 ¥,%,0 no extra conditions
‘f’y70 ‘x’}_}70 y?‘x70 .)_/"f70
4 o m2m. X, 3,3 X, 5,3 1x,4 1,%,4 no extra conditions
4 n m2m. x,3,0 x,1,0 1,x,0 1,%,0 no extra conditions
4 m m2m. x,0,1 x,0,1 0,x,3 0,%,3 no extra conditions
4 | m2m. x,0,0 x,0,0 0,x,0 0,x,0 no extra conditions
4 k m.2m X,X, 3 XX 3 XX, 3 xX,X, 1 no extra conditions
4 j m.2m x,x,0 x,%,0 x,x,0 x,%,0 no extra conditions
4 i 2mm. 0,1,z 1,0,z 0,3,Z $,0,Z hkl : h+k=2n
2 h 4mm 3,3,2 3.3.2 no extra conditions
2 g 4mm 0,0,z 0,0,z no extra conditions
2 f mmm. 0,:,0 1,0,0 hkl : h+k=2n
2 e mmm. 0,1, 1,0, hkl © h+k=2n
1 d 4/mmm 5y353 no extra conditions
1 ¢ 4/mmm 1,3,0 no extra conditions
1L b 4/mmm 0,0,14 no extra conditions
1 a 4/mmm 0,0,0 no extra conditions

Symmetry of special projections

Along [001] p4dmm Along [100] p2mm Along [110] p2mm
a=a b =b a=b b=c a’ =;(—a+b) b=c
Origin at 0,0,z Origin at x,0,0 Origin at x,x,0

(Continued on preceding page)
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P4/mcc

No. 124

D,
P4/m2/c2/c

% %
VAT
L RN« [T 1
4*0 /?\, A
: W/ N :
I N
il N
Nis LA
%<—°\ ............. o .............. /°—>%
SN RS N
. A ./ .
HECAN : s
NN P
\Nis
}24_0 ................ ° ................ 0—’%
1/ \l l/ \l l/ 1
g BT T
4 1 1 a 1 4 1 4
4 4 3
Origin at centre (4/m) at4/mcc
Asymmetric unit 0<x<i; 0<y<i; 0<z<g
Symmetry operations
1 2)2 0,0,z 3) 4 0,0,z
(5)2 0,y 6) 2 x,0,3 (M 2 xx35
© 1 0,0,0 (10) m x,y,0 (11) 4+ 0,0,z; 0,0,0
(13) ¢ x,0,z (14) ¢ 0,y,z (15) ¢ x,x,z

4/mmm Tetragonal
Patterson symmetry P4/mmm
Ly s 1y 4
2 2
oy ofs)
@7 3Ok ®-T Tty
pO- [ @ | FOF_|, -©-
) 3"
oe ol
+ |3+ + %+
o]+ Ll +
ole ol
*®-" [ P ®-* | 04
LOY_ O+ FOF_ O
2 -2
e 00
+ g+ + %+
4) 4 0,0,z
(8) 2 x,%,;
(12) 4- 0,0,z 0,0,0
(16) ¢ x,x,z

Maximal isomorphic subgroups of lowest index
2b) (P4/mcc, 124); [31 P4/mcc (¢ = 3c) (124)

IIc  [2]C4/mcc(a’ =2a,b' =

Minimal non-isomorphic sup
I none

I
Copyright © 2006 Internationa
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[2]114/mcm (140); [2] P4/mmm (¢’ = ic) (123)
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CONTINUED

Generators selected (1); 7(1,0,0);

No. 124

1(0,1,0); #(0,0,1); (2); (3); (5): (9)

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
16 n 1 (1) x,y,z (2) %,y,z (3) y,x,z 4) y,%,z
(5) %,y,2+3 6) x,9,2+ 3 (M) y,x,2+ 3 ®) ¥,%,2+ 3
) %3,z (10) x,y,Z (11) y,x,2 (12) y,x,Z
(13) x,3,2+ 3 (14) %,y,z+ 5 (15) y,%,2+ 3 (16) y,x,z+ 5
8 m m x7y70 ‘f’y70 )_)"x70 y7x70
Xaya% xai?% y?‘x’% y7f7%
8 1 .2. X3y 5 X504 3%, % 3%, 5
X?%?% x?%’% %’f7% %7‘x?%
8 k 2 x’ 07 41_1 ‘f707 41_1 07‘x7 41_1 07‘f7 41_1
‘f707 % ‘x707 % 07‘f7 % 07‘x7 %
8 j 2 ‘x"x? 41_1 ‘f"f?% f?‘x"’ % x?‘f? 41_1
‘f7f7 % ‘x"x?% x?‘f7% 'i?x? %
8 l 2 07%7Z %707Z 07%7Z+% %707Z+%
07%72 %7072 07%7Z+% %707Z+%
4 h 4. 3,3,2 3152+ 1 3132 33,2+ 1
4 g 4 0,0,z 0,0,z+ 3 0,0,z 0,0,z+ 5
4 f 222. 0,3,1 7,0, 5 0,3,% 5,0, %
4 e 2/m.. 0,5,0 3,0,0 0,3, 7,0,3
2 d 4/m.. 7,3,0 31303
2 ¢ 422 HETY 2754
2 b 4/m.. 0,0,0 0,0,
2 a 422 0,0, 0,0, 3

Symmetry of special projections
Along [001] p4mm

a=a b'=b

Origin at 0,0,z

Along [100] p2mm
a=>b b = ic
Origin at x,0,0

a=i(—a+b)
Origin at x, x,0

Maximal non-isomorphic subgroups

I [2]1 P4c2(116) 1;
[2] PA2¢ (112)
[2] P4ce (103)
[2] P422(89)
[21 P4/m11(P4/m, 83)
[21P2/m12/c(Cccm, 66)
[21P2/m2/c1(Pccm,49)

none

IIa

IIb
[2]C4/ecd (a' = 2a,b’' = 2b) (P

(Continued on preceding page)

;115 12
; 115 125 15; 16
; 13; 145 15; 16
5; 6; 7; 8
9; 10; 11; 12
;0 9; 10; 15; 16
9; 10; 13; 14

13; 14

l\)l\)l\)“l\)l\)l\)l\)
PR RT R
O\OO-P:I;-PO\OO

[2]C4/ecc (a =2a,b’ = 2b) (P4/ncc, 130); [21C4/mcd (@ =2a,b’' = 2b) (P4/mnc, 128);

4/nnc, 126)

433

P4/mcc

Reflection conditions

General:

Okl : 1=2n
hhl : 1=2n
00! : 1=2n

Special: as above, plus

no extra conditions

Bkl ;1 =2n
Wkl ;1 =2n
Wkl ;1 =2n
Bkl h+k,l=2n
Wkl ;1 =2n
Wkl ;1 =2n
Wkl : h+k,1="2n
Wkl h+k,1="2n
Wkl ;1 =12n
Wkl : 1=12n
Wkl ;1 =2n
Wkl : 1=12n

Along [110] p2mm

1
b/—ic
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P4/nbm

No. 125

3
Dy,

ORIGIN CHOICE 1

Origin at422 at4/n22/g, at —;, —1,0 from centre (2/m)

Asymmetric unit

0<x<3 0<y<i 0<z<3 y<i—x
Symmetry operations
(H 1 2) 2 0,0,z 3) 4+ 0,0,z
(5)2 0,50 6) 2 x,0,0 (72 x,x,0
(9) 1 %7%70 (]0) n(%>la ) x7y70 (11) 4+ %707Z; %,0,0
(13) a x5,z 4 b 1yz (15) m x+3,%,z

P4/n2/b2/m

4/mmm Tetragonal
Patterson symmetry P4/mmm
OO OO
O- +O O-
O+ -O O
oo .. ol
©0]|0, T
-O O+
+© O-
. 0)(O; .
O[O N O[O
O- +O O-
O+ -O O+
00 00
4) 4= 0,0,z
®) 2 x,x,0

(]2) 2‘7 07%7Z; 07%’0
(16) g(5,3,0) x,x,z

Maximal isomorphic subgroups of lowest index

Ilc  [2]P4/nbm(c =2¢)(125); [9] P4/nbm (a' = 3a,b’ = 3b) (125)

Minimal non-isomorphic supergroups

I none

II [2]1C4/mmm (P4/mmm, 123); [2]1 14 /mcm (140)
Copyright © 2006 International Union of Crystallography
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No. 125

CONTINUED

Generators selected (1); #(1,0,0); #(0,1,0); #(0,0,1); (2); (3); (5); (9)

P4/nbm

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
16 n 1 M x,y,z 2) x,9,z 3) ¥,x,z 4) y, %,z hkO: h+k="2n
(5) x, 3,z (6) x,y,2 (7 yx,2 (8) y,%,z Okl = k=2n
@ F+55+35,2 (A0 x+iy+32  (ADy+3,8+52  (12)F+ia+35,2 A00: h=2n
(I3 x+3,9+5z A F+iy+5z (A F+5,8+5z2 (16 y+i,x+5,2
Special: as above, plus
8 m m XX+ 3,2 X,X+1,2 X+3,%,2 X+ 1,%,2 no extra conditions
f?‘er%’Z_ x’f+%’z_ x+%7'x7z f+%7f7z
8 I 2 x,0, 3 x,0, 3 0,x,3 0,%,3 hkl : h+k=2n
431,53 X+1,1,3 5,8+ 3,5 5,X+ 75,5
8 k 2 x,0,0 x,0,0 0,x,0 0,x,0 hkl : h+k=2n
£+3,1,0 x+3,3,0 3,%+3,0 3,x+3,0
8 2 X, X, 5 XX, 3 XX, 3 X, X, 3 hkl ©: h+k=2n
X33+ 15,3 X+ 3,x+13,3 X+ 3,%+15,3 X+5x+13,3
8 i 2 x,x,0 x,%,0 x,x,0 x,%,0 hkl © h+k=2n
THEEHL0 xbhadd0  xHBEEL0 B4 bxtd0
4 h 2.mm 0,3,z 1,0,z 0,3,2 1,0,7 hkl : h+k=2n
4 g 4 0,0,z 0,0,2 LN 3,302 hkl : h+k=2n
4 f ..2/m 513 311 N i3 hkl : h.k=2n
4 e 2/m %a%70 %a%70 %Mxlao %7%0 hkl h,k:2n
2 d 42m 0,5,3 1,01 hkl : h+k=2n
2 ¢ 42m 0,3,0 £,0,0 hkl : h+k=2n
2 b 422 0,0, 13,% hkl : h+k=2n
2 a 422 0,0,0 1,5,0 hkl : h+k=2n
Symmetry of special projections
Along [001] p4mm Along [100] p2mm Along [110] p2mm
a =1i(a—b) b =1(a+b) a=1b b=c a =1i(—a+b) b =c
Origin at 0,0,z Origin at x,0,0 Origin at x, x,0
Maximal non-isomorphic subgroup
I [21P4b2(117) 1; 2; 7; 8 11; 12; 13; 14
[21P42m (111) 1; 2; 5, 6; 11; 12; 15; 16
[2] P4Dbm (100) 1; 2; 3; 4; 13; 14; 15; 16
[2]1 P422(89) 1; 2; 3,4, 5,6, 7, 8
[21P4/n11(P4/n,85) 1; 2; 3; 4, 9; 10; 11; 12
[21P2/n12/m(Cmme, 67) 1; 2; 7; 8; 9; 10; 15; 16
[21P2/n2/b1(Pban, 50) 1; 2;5; 6; 9; 10; 13; 14
IIa none
IIb  [2]P4,/nnm (¢ =2¢) (134); [2] P4,/nbc (¢ =2¢) (133); [2] P4/nnc (¢ = 2¢) (126)

(Continued on preceding page)

435



3
P4 / nbm D4h 4/mmm Tetragonal
No. 125 P 4/11 2/[9 2/171 Patterson symmetry P4/mmm

ORIGIN CHOICE 2

‘ NV ANV BN NoYoR

AR oo |
NPV ANV Yoo '

7N © or o
\:/ \://,, \\\\:/ +® ®+‘® @4-_@

AN NN 0 O-

Origin at centre (2/m) at n(b,a)(2,/g,2/m), at ,1,0 from 422
Asymmetric unit P<x<y; —1<y<i 0<z<) x<—y

Symmetry operations

(N1 (2) 2 3,32 (3) 4" 1,42 @4 4 5,52

5) 2 1,50 6) 2 x,1,0 M 2 xx,0 ®) 2 x,x+3,0

1 0,0,0 (10) n(3,5,0) x,y0 (11) 4 4, -1z +,—1,0 (12) 4 —:,5,% —4,5,0
(13) a x,0,z (14) b 0,y,z (15) m x,%,z (16) g(3,1,0) x,x,z

Maximal isomorphic subgroups of lowest index

IIc  [2]P4/nbm (¢ =2¢)(125); [9]1 P4/nbm (a’ = 3a,b’ = 3b) (125)
Minimal non-isomorphic supergroups

I none

11 [2]1C4/mmm (P4/mmm, 123); [2]1 14 /mcm (140)
436



CONTINUED No. 125 P4/nbm

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2); (3); (5); (9)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
16 n 1 (D) x,3,2 Q) x+35,9+13,2 () §+3,%2 ) y, X+ 3,2 hkO: h+k=12n
(5) X+ 3,5,Z 6) x,7+3,2 (7 y,x,Z ®)y+5,54+13,z Okl : k=2n
9) 55,2 (10) x+1,y+14,2 (11) y+1,%,2 (12) ,x+4,z  hO0: h=2n

(13) x+13,5,2 (14) X,y +3,2 (15) y, %,z (16) y+3,x+3,2

Special: as above, plus

8 m m x,X,z X+ix+1.z2 X+ 1,x,2 XX+1,2 no extra conditions
41,52 XX+ 3,2 XX,z X+ 3,8+ 5,2
8 1 .2. X,5)3 43,41 3% 3 X+, hkl : h+k=2n
PN X+1,4,7 3% 3 HER N
8 k .2 x, 1,0 X+3,5,0 +,x,0 1LxX+10 hkl : h+k=2n
27%70 x+%7%’0 %7‘f70 %7‘x+%’0
8 j ..2 X, X, 3 X+3.5X+1,3 X+3.x,3 x,x+3,3 hkl © h+k=2n
X%, 3 x+ 3,0+ 5,3 X+ 3,53 Xx+1,3
8 i .2 x,x,0 X+3,x+1,0 X+1,x,0 x,x+1,0 hkl © h+k=2n
x,x,0 x+3,x+1,0 x+1,%,0 X,x+1,0
4 h 2.mm 33,2 $13:2 31,2 i13:2 hkl : h+k=2n
4 4 FE I 352 L4z hhz hkl : h+k=2n
4 f ..2/m 0,0, 31313 30,3 0,3,3 hkl = h,k=2n
4 e ..2/m 0,0,0 3,3,0 3,0,0 0,3,0 hkl = h,k=2n
2 d d2m 111 1t Bkl : h+k=2n
2 ¢ d2m 110 130 Wkl : h+k=2n
2 b 422 11 331 Bkl : h+k=2n
2 a 422 110 1310 Wkl : h+k=2n
Symmetry of special projections
Along [001] p4mm Along [100] p2mm Along [110] p2mm
a=ji(a—bh) b =j(a+b) a=3b b=c a=ji(—a+b) b=c
Origin at 1,4,z Origin at x,0,0 Origin at x, x,0

Maximal non-isomorphic subgroups

I [21P4b2(117) 1; 2, 7; 8 11; 12; 13; 14
[2]P212m(111) 1; 2;5; 6; 11; 12; 15; 16
[21 P4bm (100) 1; 2; 3; 4; 13; 14; 15; 16
[2]1 P422(89) 1; 2; 3,4, 5,6, 7, 8
[21P4/n11(P4/n,85) 1; 2; 3; 4, 9; 10; 11; 12
[21P2/n12/m(Cmme, 67) 1; 2; 7; 8; 9; 10; 15; 16
[21P2/n2/b1(Pban, 50) 1; 2, 5; 6; 9; 10; 13; 14

IIa none

IIb [2]P4,/nnm (¢ =2c) (134); [2]1 P4,/nbc (¢ =2¢) (133); [2] P4/nnc (¢ = 2¢) (126)

(Continued on preceding page)
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4
P4 / nnc D., 4/mmm Tetragonal
No. 126 P 4/I’l 2/” 2/C Patterson symmetry P4/mmm

ORIGIN CHOICE 1

%I ‘ 0O 00
;\i/ \(})/ \i/; .0 O- ‘O O-
RO AN -O O+ -O O+
IR Y A Q|0 NP OO
SIS 21 - oo T
AV EE: R T -0 P
/<‘>.4 ;1 /'/.\'\ :1 '?5‘)\ O r
I A A | 0JIO s
P D oo  FHF 0P
Sl VA I S VR O O Q| O
YN 74N 41N -O O+ -O O+
oc 0C

Origin at 422 /n, at —1,—4, —1 from 1
Asymmetric unit 0<x<i; 0<y<i; 0<z<

Symmetry operations

(1) 1 (2)2 0,0,z (3) 47 0,0,z (4) 40,0,z
5) 2 0,y0 6) 2 x,0,0 T 2 x,x,0 ®) 2 x,x,0
(9) T %7%7% (10) n(%a%? ) -xaya% (]]) Z"+ %,O,Z; %aoa% (]2) er Oaéaz; O,%,%
(13) n(,0,3) x,3,2 (14) n(0,3,3) 3,32 (15) ¢ x+35,%,2 (16) n(3,3,3) x,x,2

Copyright © 2006 International Union of Crystallography 438
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CONTINUED No. 126 P4/nnc

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2); (3); (5); (9)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
16 k£ 1 (xyz (2) %,,z 3) 7,x,2 4) y,x,z hkO: h+k=2n
(5) X3z 0) x,y,2 (7 y:x,2 (®) y,%,z Okl : k+1=2n

O) 43, 5+5.2+5 A0 x+3y+52+: ADy+LF+52+5 () F+ix+3,2+3 hhl:I=2n
A3 x+13+5z+1 ADT+iy+hz+) A5 F+LE+hz+) 16) y+ix+iz+] 286 2:22"
: =24in

Special: as above, plus

8 j .2. x,0,3 x,0, 3 0,x,3 0,%,3 hkl : h+k+1=2n
f+35:50  x+35350  5x¥+350  5x+3,0

8 i .2 x,0,0 x,0,0 0,x,0 0,%,0 hkl : h+k+1=2n
X455, Xt+5ini o 5E+5ni 5x+53

8 h 2 x,x,0 x,%,0 x,x,0 x,%,0 hkl : h+k+1=2n
X+58+353  xtix+ini xta ki XHnxtig

8 g 2 1,0,z 0,1,z 1,0,7 0,3,7 hkl : h+k,l=2n
0,5,2+3  50,z+3:  0,35,z+5 30,243

8 f I %7ia% %7%7% %ai?i %a%?% %7%7% %7%7% %7%7% %7%7% hkl : h,k,l:2n

4 e 4.. 0,0,z 0,0,z 5,5,2+ 3 5,5,2+ 3 hkl : h+k+1=2n

4 d 4 50,5 05,5 5,003 05,3 hkl = h+k,l=2n

4 ¢ 222. $,0,0 0,1,0 0,3,3 5,03 hkl : h+k,l=2n

2 b 422 0,0, 3 33,0 hkl : h+k+1=2n

2 a 422 0,0,0 55,3 hkl : h+k+1=2n

Symmetry of special projections

Along [001] p4mm Along [100] c2mm Along [110] p2mm

a=1i(a—bh) b = i(a+b) a=b b=c a’=i(—a+b) b =ic

Origin at 0,0,z Origin at x,0,0 Origin at x,x,0

Maximal non-isomorphic subgroups

I [21P4n2(118) 1; 2; 7, 8; 11; 12; 13; 14
[2]1P42¢ (112) 1; 2; 5; 6; 11; 12; 15; 16
[2] P4nc (104) 1; 2; 3; 4; 13; 14; 15; 16
[21P422(89) 1; 2; 3; 4, 5;6;,7; 8
[21P4/n11(P4/n,85) 1; 2: 3; 4:9; 10; 11; 12
[21P2/n12/c(Ccce, 63) 1; 2; 7; 8; 9; 10; 15; 16
[21P2/n2/nl1(Pnnn,48) 1; 2; 5; 6; 9; 10; 13; 14

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]1P4/nnc(c =3¢)(126); [9]1 P4/nnc(a’ = 3a,b’ = 3b) (126)

Minimal non-isomorphic supergroups
I [31Pn3n(222)
II [2114/mmm (139); [2]1C4/mcc (P4/mcc, 124); [2] P4/nbm (¢’ = 3¢) (125)
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4
P4 / nnc D4h 4/mmm Tetragonal
No. 126 P 4/I’l 2/I’l 2/C Patterson symmetry P4/mmm
ORIGIN CHOICE 2
i i
WAL Y.
NZ N LN 10 O-
l,/!\,\ ) e . ) \1 +O O!-
A B N Of- +O I
4% | /.’ \.\ | 1 O+ 10O O+
S VG T / +O O+
V2R D O -O O
li_ ! Oo-w..' ! '\’ . ‘ _:l _ @ %+ _@
T AT 1O @- O
B T N 7 0 O
N N N +O Or-
4 s V3 s Vo3 )
3 3
Origin at T at nn(n,c), at }, %, % from 422
Asymmetric unit —i1<x<y; —1<y<i 0<z<y
Symmetry operations
(1) 1 (2) 2 3,1,2 (3) 4" 3,4,z 4 4 55z
(5) 2 iys 6) 2 x,5,; (M 2 xx35 ®) 2 x,x+3,35
(9) T OaOaO (10) n(%>%a0) x7y70 (11) Z"+ %7_%>Z’ %a_%7 (12) er _%a%7z; _417%a0
(13) n(3,0,3) x,0,z (14) n(0,3,3) O,z (15) ¢ x,%z (16) n(3,3,3) x,x,2
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CONTINUED

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2); (3); (5); (9)

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

16 k 1 (D) x,y,z 2)x+3,5+3,2 3)y+i,x2
= 1 = 1 = | — 1 = 1
(S)XJFE’)”ZJFE (6)x,y+5,z+5 (7)yax7z+§
) x,5,2 (10) x+3,y+3,2Z 1) y+3,%,z
(13) x+3,9,2+3 (14) X,y + 3,2+ 3 (15) y,%,z2+ 3
3 1 = 1 3 1 3 1 3 = 1 1
8 j .2. X353 X+3,3,1 %3 Xt
=1 3 1 1 3 1 = 3 1 1 3
X353 X+3,4,3 X »nX+3,3
1 1 = 1 1 1 1 1 1 = 1 1
8 i 2. X353 X+3,3:3 X 3 X+ 3,3
= 3 3 1 3 3 3 = 3 3 1 3
X353 X+3,3,3 X7 »HX+3,3
1 = 1 = 11 = 1 1 = 11
8 h 2 X, X, 3 x+5ax+5az x+57-xa1 -xax+5aZ
= =3 1 1 3 1 = 3 = 1 3
X, X, 3 X+§,X+§,Z X+§,X,Z X,X+§,Z
1 3 31 1 3 =5 1 31 3 1
8 g 2 112 e nnits it
31 z 1 3 = 3 1 1 1 3 1
1L 112 11213 it a
T 11 1 1 1 1 11
8 f 1 OaOaO E?an 5,0,0 07570 57075 07575
1 1 1 1 = 1 3 3 =z 3 3 1
4 e 4 12 Hita 5z 55t
1 1 3 31 1 3 1 301 1
4 d 4 10 10 Irir2 $r4r2
1 3 3 31 3 31 1 1 3 1
4 ¢ 222. irira Frdra Trird i
1 1 3 3 3 1
2 b 422 irira Frira
1 1 1 3 3 3
2 a 422 irira Frir3

Symmetry of special projections
Along [001] p4mm

a =i(a—b) b =1i(a+b)
Origin at 1,1,z

Along [100] c2mm
a=>b b'=c
Origin at x, 1, 3

Maximal non-isomorphic subgroups

I [21P4n2(118) 1; 2; 7, 8; 11; 12; 13; 14
[2]1P42¢ (112) 1; 2; 5; 6; 11; 12; 15; 16
[2] P4nc (104) 1; 2; 3; 4; 13; 14; 15; 16
[21P422(89) 1; 2; 3; 4, 5;6;,7; 8
[21P4/n11(P4/n,85) 1; 2; 3; 4; 9; 10; 11; 12
[21P2/n12/c(Ccce, 63) 1; 2; 7; 8; 9; 10; 15; 16
[21P2/n2/nl1(Pnnn,48) 1; 2; 5; 6; 9; 10; 13; 14

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]P4/nnc(c =3¢)(126); [9]1 P4/nnc(a’ = 3a,b’ = 3b) (126)

Minimal non-isomorphic supergroups
I [31Pn3n(222)
II [2114/mmm (139); [2]1C4/mcc (P4/mcc, 124); [2] P4/nbm (¢’ = 3¢) (125)

441

No. 126

@) y, X+ 3,2
®)y+3,x+1,7+
(12) y,x+ 1,2
16) y+3,x+4%,z+3

NI

P4/nnc

Reflection conditions

General:

hkO: h+k=2n
Okl : k+1=2n
hhl : 1=2n
00! : 1=2n
h00: h=2n

Special: as above, plus

Along [110] p2mm

a'=j(—a+b)
Origin at x,x,0

hkl : h+k+1=2n
hkl : h+k+1=2n
hkl : h+k+1=2n
hkl : h+k,l=2n
Wkl : k1 =2n

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

b = jc
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P4/mbm

No. 127

D

5
4h

P4/m?2,/b2/m

Origin at centre (4/m) at4/m12,/g

Asymmetric unit

Symmetry operations

(1)1

(5) 2(0,5,0) 3,50

© 1 0,0,0
(13) a x5,z

Copyright © 2006 International Union of Crystallography

0<x<y;

0<y<

2)2 0,0,z

[SIE

k)

(6) 2(5,0,0) x,3,0

(10) m x,y,0

(14) b

1
FER/r4

(3) 40,0,z
(7 2(5,35,0)

x,x,0

(11) 4+ 0,0,z; 0,0,0
(15 m x+1,%,z

442

4/mmm Tetragonal

Patterson symmetry P4/mmm

4) 40,0,z

8) 2 x,x+1,0
(12) 4- 0,0,z; 0,0,0
(16) g(5,3,0) x,x,z


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o127/

CONTINUED

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2); (3); (5); (9)

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
le I 1 (1) x,y,z (2) %3,z 3) y,x,z
S)x+3y+5.2 (6) x+35,9+3,2 (M y+3.x+3.2
) %3,z (10) x,y,2 (1) y,x,2
A3 x+35+35,z2  AHhx+iy+i,z (A5 y+5,5+5,2
8 k m x?'er%?Z i?'er%’Z x+%’x7z x+%7i7
f+%’x7z x+%7xﬁz_ x’x+%’z i?'er%?
8 j m x7y7% i?)_}’% y’x’%
X+5y+3,3 X+55+35,3 y+5x+3,3
8 i m x7y70 X’y70 )_]7'x70
X+5y+3,0 x+35,5+3,0 y+35x+3,0
4 h m.2m XX+ 3,5 XX+ 3,5 X43,%,5 X+ 3,53
4 g m.2m x,x+ 3,0 X,x+3,0 X+ 1,x,0 x+3,%,0
4 f 2'mm 0’%7Z %’O’Z %7072 07%72
4 € 4 O’O’Z %7%’2 0’072 %7%7Z
2 d m.mm 0,3,0 1,0,0
2 ¢ m.mm 0,55 3,03
2 b 4/m 0,0, 5 3,53
2 a 4/m 0,0,0 3,3,0

Symmetry of special projections
Along [001] p4gm

a=a b'=b

Origin at 0,0,z

Along [100] p2mm
a=1b b =c
Origin at x,0,0

Maximal non-isomorphic subgroups

I [21P4b2(117) 1; 2, 7; 8 11; 12; 13; 14
[2]1 P42 m(113) 1; 2; 5; 6; 11; 12; 15; 16
[2]1 P4bm (100) 1; 2; 3; 4; 13; 14; 15; 16
[2]1P42,2(90) 1; 2;3;4;5,6;7; 8
[21P4/m11(P4/m, 83) 1; 2; 3; 4, 9; 10; 11; 12
[21P2/m12/m(Cmmm, 65) 1; 2; 7; 8; 9; 10; 15; 16
[21P2/m2,/b1 (Pbam,55) 1; 2, 5; 6; 9; 10; 13; 14

IIa none

No. 127

4) y,%,z
8)y+1,%+1,2
(12) 9,x,%z
16) y+3,x+ 1,2

¥, %3
V+3,5+3,3
»,%,0
y+3,5+5,0

P4/mbm

Reflection conditions

General:

Okl : k=2n
h00: h=2n

Special: as above, plus

no extra conditions

no extra conditions

no extra conditions

no extra conditions
no extra conditions
hkl : h+k=2n

hkl : h+k=2n

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

Along [110] p2mm

a'=j(—a+b)
Origin at x,x,0

Ib  [2] P4, /mnm(c =2¢)(136); [2] P4,/mbc (¢ = 2¢) (135); [2] P4/mnc (¢ =2¢) (128)

Maximal isomorphic subgroups of lowest index
IIc  [2]P4/mbm (¢ =2¢)(127); [9] P4/mbm (a’ = 3a,b’ = 3b) (127)

Minimal non-isomorphic supergroups
I none
II [21C4/mmm (P4/mmm, 123); [2]114/mcm (140)

443

b'=c
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6

P4 / mnc D., 4/mmm Tetragonal
No. 128 P 4/m 21/I’l 2/C Patterson symmetry P4/mmm
1 ! + +
I 1 T 11 1 o o
N A r W% r N .- .-
O—T— 0 —7— 9
T TN |0 |
N ) 5+
%‘1._ T ,_/i'{_-"" _,1% @ 2@ @
Z\ . i \.\ /./ i ., /Z %_ l_®l+
. 1+ o 1 0 Y YR E—
l/ . | /-/ \- | _.‘. \l 7+®7_ 1_
1 3 ol \'\i_.-" Zl N 2@ N
ET_ —.—-.-/i‘:. ——————— ;.i\—..—-— —TZ e l+ @
i A R I Y 3 - 2 -
\o/ i ° i o/I +(D- +P-
N l N J VAN -+ -+
4 4 | 4 4 4 4 = -
A = 5
Origin at centre (4/m) at4/m1n
Asymmetric unit 0<x<3; 0<y<i; 0<z<;g
Symmetry operations
()1 2) 2 0,0,z 3) 4+ 0,0,z 4) 4 0,0,z
9 1 0,0,0 (10) m x,y,0 (11) 4+ 0,0,z 0,0,0 (12) 4 0,0,z; 0,0,0
(13) n(%707%> x7-/1_17Z (14) n(O?%a%) 417)772 (]5) C X+%,f,z (]6) I’L(%,%,%) X, X, Z

Copyright © 2006 International Union of Crystallography

444


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o128/

CONTINUED

Generators selected

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
16 i 1 Dxyz (2) %,3,2
(5) T+ 3y +12+5 (O x+55+57+]
9) x,7,Z (10) x,y,Z
(I3) x5+ bzt W) F+by+io+]
8 h m. X7y70 X7y70
FHLy+hE xHhTHL
8 ¢ 2 xx+5,4 X435 x4+
‘x’f+%’% ‘x’x+%’% 'er
8 f 2 0,1,z 1,0,z 30,243
()7%7Z %7()7Z %70’Z+%
4 e 4.. 0,0,z 55,2+ 0,0,z
4 d 2.22 0,41 3,05 0,3,3
4 C 2/77’1 O,%, %,0’0 %a07%
2 b 4/m" 0707% %’%70
2 a 4/m.. 0,0,0 HETE

Symmetry of special projections
Along [001] p4gm

a=a

b'=b

Origin at 0,0,z

(1); £(1,0,0); ¢(0,1,0); ¢(0,0,1); (2); (3); (5); (9)

(3) y,x,2
D y+i,x+3,7+1
(11) y,%,7
(15) y+ 3, x+ 5,2+ 3

Along [100] c2mm

a=hb
Origin at x,0,0

Maximal non-isomorphic subgroup
I [21 P4n2(118)
[2]1 P42, c(114)
[2] P4nc (104)
[2] P42,2(90)
[2] P4/m11(P4/m, 83)
[21P2/m12/c(Cccm, 66)
[21P2/m2,/n1 (Pnnm, 58)

IIa
IIb

none
none

r——»—;—»—a.—A.—a
l\)l\)l\)w[\)l\)[\)l\)
PRL W w3
O\OO-PJJ;-PO\OO

Maximal isomorphic subgroups of lowest index

Ilc

[3]1P4/mnc (¢ =3¢)(128); [9] P4/mnc (a' = 3a,b’

Minimal non-isomorphic supergroups

I none

IT

b =c

;115 125 13; 14
; 115 125 15; 16
; 13; 145 15; 16
15,6, 7; 8

;0 9; 10; 11; 12
;0 9; 10; 15; 16
;0 9; 10; 13; 14

3b) (128)

445

No. 128 P4/mnc
Reflection conditions
General:

D %,z Okl : k+1=2n

8) y+3,%+35,Z2+% hhl: 1=2n

(12) ,x,7 00/ : I=2n
h00: h=2n

(16) y+5,x+3,2+3

Special: as above, plus

¥,%,0 no extra conditions
y+5x+1,3
hkl : 1=2n
hkl © h+k,l=2n
hkl : h+k+1=2n
hkl © h+k,l=2n
hkl © h+k,l=2n
hkl : h+k+1=2n
hkl : h+k+1=2n

Along [110] p2mm
a=ji(—a+b)
Origin at x, x,0

b=

1
5C

[21C4/mcc(P4/mcc, 124); [2]114/mmm (139); [2] P4/mbm (¢’ = 3¢) (127)
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4 7
P / nmm D., 4/mmm Tetragonal
No. 129 P 4/I’l 21/m 2/m Patterson symmetry P4/mmm
ORIGIN CHOICE 1
’ ‘ eJo) eJo)
\®/ r \’/ r \®/ +QO O+ +O O+
AN / \ AR +© O+ O, O+
— > L= ©0 .. 990
N /7 R 0|0 N
\’/ \\4),/ \‘/ -® O-
S/ \ RN / N -O ®-
| N N = .- O|® .
/ AN O|® e 0|®
Nt \’/ RN ‘O |_o- O | O
AR | 7\ { PR O] O+ +© O+
©0 ©0
Origin at 4m2 at4/nm2/g, at —1, 1,0 from centre (2/m)
Asymmetricunit 0<x<j; 0<y<i; 0<z<j y<j—x
Symmetry operations
(H 1 2) 2 0,0,z (3) 47 0,3,2 4) 4 1,0,z
(5) 2(0,3,0) 1,y,0 (6) 2(3,0,0) x,%,0 7 2 x,x,0 @ 2 x,x,0

@1 44,0
(13) m x,0,z

Copyright © 2006 International Union of Crystallography

(10) n(3,5,0) x,y,0
(14) m 0,y,z

(11) 4+ 0,0,z; 0,0,0
(15) m x+3,%,z

446

(12) 4 0,0,z; 0,0,0
(16) g(5,5,0) x,x,2


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o129/

CONTINUED

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2); (3); (5); (9)

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
16 k 1 (1) x,,z () %,3,z B)y+i1.x+1,2
(5) X+3,y+3,2 (6) x+3,5+3,2Z (7 y,x,Z
9 X+3,9+3,2 (10) x+3,y+ 3,2 (11) y,x,z
(13) x,3,z (14) x,y,z (15) y+ 35,5+ 3,2
8 m XX+ 35,2 ¥,X+3,2 ¥x+3,2 XX+ 3,2
¥+35,x,2 x+3,%2 xX+3,X,2 x+35,%,2
8 i .m 0,z 0,9,z Y+3,5,2 Y+i1,1,2
%7y+%7z %7)_]—’—%’2 y7072 )_}7072
8 h 2 X, X, 5 X, X, 5 F+35,x+3,3
T+3,%5+ 3,7 X+3,X+ 3,7 X, X, 3
8 g 2 x,x,0 x%,x,0 X+3,x+13,0
f+%7x+%70 x+%7x+%70 x"f?O
4 f 2mm. 0,0,z 15,2 53352 0,0,z
4 e 2/m 12913 i 1153 i3
4 d 2/m 1,0 1,0 11,0 11,0
2 ¢ 4mm 0,1,z 3,0,Z
2 b 4m2 0,0, 5 5,53
2 a 4m?2 0,0,0 1,5,0

Symmetry of special projections
Along [001] p4mm

a=1(a—bh) b =1(a+b)
Origin at 0,0,z

Along [100] p2mg
a=b b'=c
Origin at x, 1,0

Maximal non-isomorphic subgroups

I [2] P4m2 (115)
[21P42,m (113)
[2] P4mm (99)

=

; 115 125 13; 14
; 115 125 15; 16
; 13; 14; 15; 16

r——»—;—»—a.—A.—a
l\)l\)l\)ul\)l\)[\)l\)
DWW Lo
O\OO-R;P-PCJ\OO

No. 129

@ y+i,x+13z
®) y, %,z

(12) 3,x,Z

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

o= 1
X+35,X+3,3
= 1
X, X5 3

o= 1
x+5ax+570
x,x,0

P4/nmm

Reflection conditions

General:

hkO: h+k=

h00: h=2n

2n

Special: as above, plus

no extra conditions

no extra conditions

Wkl © h+k=2n
Wkl : h+k=2n
Wkl : h+k=2n
Wkl : hk=2n
Wkl : hk=2n

no extra conditions

hkl : h+k=2n

hkl : h+k=2n

Along [110] p2mm

a'=i(—a+b)

b=c

Origin at x, x,0

[21P42,2(90) 5,6; 7,8
[21 P4/n11(P4/n, 85) © 253, 4, 9; 10; 11; 12
[21P2/n12/m(Cmme, 67) ; 2, 7; 8, 9; 105 15; 16
[21P2/n2,/m1(Pmmn,59) ;25 5; 6; 9; 10; 13; 14
IIa  none
b [21P4,/ncm (¢ = 2¢) (138); [2] P4, /nme (¢ = 2¢) (137); [2] P4/nce (¢ = 2¢) (130)

Maximal isomorphic subgroups of lowest index
Ic [2]P4/nmm (¢ =2¢)(129); [9] P4/nmm (a' = 3a,b' = 3b) (129)

Minimal non-isomorphic supergroups
I none
11 [2]1C4/mmm (P4/mmm, 123); [2]114/mmm (139)

447



Patterson symmetry P4/mmm

7
P4/nmm D., 4/mmm
No. 129 P 4/n2,/m2/m
ORIGIN CHOICE 2
i N N N oo-
/ \ / \\ // \ +O ®+
® \\®// O+ +O
/ \ AR O+ +O
Bay! R NV gojex
/ \\\ /// \ / \ “@ O_
\<‘>/ ’ _Q O_ _®
/, \\ / \ _O G)— _O
AV N . 00-
SN /IN 2N 00
Origin at centre (2/m) atn2,(2/m,2,/g), at §,—4,0 from 4m?2
Asymmetric unit —1<x<gy —1<y<y 0<z<3 x<y
Symmetry operations
(1)1 ()2 3,32 (3) 4" 1,12 ® 4 55z
(5) 2(0,2,0) 0,30 6) 2(2,0,0) x,0,0 (7) 2(4,4,0) xx,0 ®) 2 x%0
(9) T 070a0 (10) n(%a%70) -xayao (11) Z"+ %7_%az; %7_%70 (12) er _}Ta%az;
(13) m x5,z (14) m 3,5,z (15) m x+5,%,z (16) m x,x,z

448

Tetragonal

11
) Z?O



CONTINUED No. 129
Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2); (3); (5); (9)
Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
16 k 1 M x,y,z (2) X+3,9+3,2 ) y+3,x2 @) y,x+3,2
(5) *y+3,2 6) x+3,9,2 (N y+3,x+35,2 8) y,%,z
9 x,y,z (10) x+ 5,y + 3,2 (1) y+3,%,2 (12) y,x+ 3,2
(13) x,5+ 3,2 (14) ¥+ 3,9,z (15) ¥+ 35,%+ 3,2 (16) y,x,z
8 m X,X,2 ¥+3,5+3,2 ¥+3,%,2 XX+ 3,2
¥x+3,2 x+3,%,2 x+35,X+3,2 X%,z
8 i .m. 04 HY+3,2 y+35,1,2 ¥, 152
i7y+%7z %7)_}?2 y+%7%72 }_}7?_172
8 h 2 X, X, 3 ¥+5,x+3,3 xX+3,%3 ¥ X+3,3
XX, 3 X+3,5+3,3 X+3,%3 XX+ 3,3
8 g 2 x,x,0 X+3,x+1,0 x+1,x,0 X,x+13,0
x,x,0 x+3,x+1,0 X+1,%,0 x,x+ 3,0
4 f 2mm. 2 2 iz hZ
4 e ..2/m 0,0, 5 5,53 3,0, 3 133
4 d 2/m 0,0,0 5,3,0 5,0,0 ;5,0
2 ¢ 4dmm 12 iz
2 b 4m2 i3 i3
2 a 4m2 11,0 71,0

Symmetry of special projections
Along [001] p4dmm

a =1i(a—b)
Origin at 1,1,z

Maximal non-isomorphic subgrou

Along [100] p2mg
a=b b'=c
Origin at x,0,0

b =1(a+b)

S

=

I [21P4m?2 (115) 1; 2; 7, 8; 11; 12; 13; 14
[2]P212]m(113) 1; 2; 5, 6; 11; 12; 15; 16
[21 P4mm (99) 1; 2; 3; 4; 13; 14; 15; 16
[21P42,2(90) 1; 2; 3; 4, 5,6, 7, 8
[21P4/n11(P4/n,85) 1; 2; 3; 4, 9; 10; 11; 12
[21P2/n12/m(Cmme, 67) 1; 2; 7; 8; 9; 10; 15; 16
[21P2/n2,/m1(Pmmn,59) 1;2;5; 6;9; 10; 13; 14
IIa none
IIb [2]P4,/ncm (¢ =2¢) (138); [2] P4,/nmc (¢ = 2¢) (137); [2]1 P4/ncc (¢ = 2¢) (130)

Maximal isomorphic subgroups of lowest index

Ilc

[2] P4/nmm (¢ = 2¢) (129); [9] P4/nmm (a' = 3a,b’ = 3b) (129)

Minimal non-isomorphic supergroups

I
IT

none
[2]1C4/mmm (P4/mmm, 123); [2]114/mmm (139)

449

P4/nmm

Reflection conditions

General:

hkO: h+k=2n
h00: h=2n

Special: as above, plus

no extra conditions

no extra conditions

Wkl © h+k=2n
Wkl : h+k=2n
Wkl : h+k=2n
Wkl : hk=2n
Wkl : hk=2n

no extra conditions
hkl : h+k=2n

hkl : h+k=2n

Along [110] p2mm
a'=i(—a+b)
Origin at x, x,0

b=c



International Tables for Crystallography (2006). Vol. A, Space group 130, pp. 450-453.

P4 D;
ncc 4h
No. 130 P 4/n2/c2/c
ORIGIN CHOICE 1
1
1 1 2
' WAL AR ©
\®f\’/f ....... 4>/ +O
l/g \.\ ..-,.°§'.-.... /./g\l ..1.@
S S S P S ©)
- . : o, P—1 -
R N ST S S
7 FE H . 3
) :4>: .............. *
| : . s : N : | 1
R T BN ‘
A TN O
4 . HE .o g4
N A g O
AN N N 20
7 A iV i
3 i -
Origin at4/ncn, at —1, 4,0 from 1
Asymmetric unit 0<x<i; 0<y<!i; 0<z<!4
Symmetry operations
(1)1 (2) 2 0,0,z (3) 47 0,3,z
() 2(0,3,0) 1,31 (6) 2(5,0,0) x,5,% (M 2 xx,3
@ 1 4,40 (10) n(3,35,0) x,y,0 (11) 4* 0,0,z 0,0,0
(13) ¢ x,0,z (14) ¢ 0,y,z (15) ¢ x+3,%,2

Copyright © 2006 International Union of Crystallography
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4/mmm Tetragonal
Patterson symmetry P4/mmm
- %_ -
O, o®
b -0 b
O- O | O-
O |+ OO
T Qo |F
-® 1
O | o
_ O (ID -
© i Oo
b 0 | o
O+ %+® O+
O
I - L
2 2
4) 4 3,0,z
(8) 2 x, %3
(12) 4- 0,0,z 0,0,0
(16) n(3,3,3) x,x.2


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o130/

CONTINUED

Generators selected

No. 130

(1); £(1,0,0); ¢(0,1,0); ¢(0,0,1); (2); (3); (5); (9)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
16 g 1 (Dxyz (2) %9,z 3) y+1.x+73,2 @ y+i1,5+75,2 hk0: h+k=2n
G) I+5y+5.2+: O x+35+52+5  Dyxits (8) 3,%,2+ 3 Okl = 1=2n
O i+5y+5z  (A0x+iy+3z (A yEz (12) 3.x.2 Bl 1=2n
(13) x,5,2+} (14) £,y,2+ (5)J+hE+1z+1 (10 y+iattzrs D0l f=2
: = 4in

8 f 2 X, X, 1 X%, 1 X+1,x+
= 1 = 1 3 1 1 3 = 3
X+3,X+3,3 X+3,x+3,3 X, X, 3

8 e 2 0707Z %7%7Z %7%’2—’—% O’O’Z—i_%
1 1 = = 1 1 1 1
3535% 0707Z 0a07Z+5 5a57Z+5

T 11 3 3 1 3 301 1 3

8 d 1 10 H10 1,0 H10 i

4 C 4 0’%’Z %707Z+% %7072 07%7Z+%

4 b Zl-" 0’0’0 %7%’0 %’%7% 0707%

4 a 2.22 0,0, 32357 55,1 0,0,3

Symmetry of special projections
Along [001] p4mm

a=1i(a—bh) b =1i(a+b)
Origin at 0,0,z

a=>b
Origin at x, 1,0

Maximal non-isomorphic subgroups

I [2]1 P4c2(116) 1; 2, 7; 8 11; 12; 13; 14
[2]P212|c(114) 1; 2, 5; 6; 11; 12; 15; 16
[21P4cc(103) 1; 2; 3; 4; 13; 14; 15; 16
[21P42,2(90) 1; 2; 3; 4, 5,6, 7; 8
[21P4/n11(P4/n,85) 1; 2; 3; 4; 9; 10; 11; 12
[21P2/n12/c(Ccce, 63) 1; 2; 7; 8; 9; 10; 15; 16
[21P2/n2,/c1(Pccn,56) 15 2; 5, 6; 9; 10; 13; 14

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
Ilc

Minimal non-isomorphic supergroups
I none

Along [100] p2mg
b =

1
;C

[3] P4/nce (¢ = 3¢) (130); [9] P4/nce(a' = 3a,b’ = 3b) (130)

Special: as above, plus

X+ 3,5+ 1,3 hkl © h+k+1=2n
frxv%
hkl © h+k,l=2n
%7%7% %7%7% %7%7% hkl - h,k,l:2n
hkl © | =2n
hkl © h+k,l=2n
hkl © h+k,l=2n
Along [110] p2mm
a=ji(—a+b) b’ = ic

Origin at x, x,0

Il [2]1C4/mcc(P4/mcc, 124); [2114/mem (140); [2] P4 /nmm (¢ = ¢) (129)
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P4/ncc
No. 130

ORIGIN CHOICE 2

|
4 :
%'/ R NN
2. N7
o 0/@\ ..... |
s S i N 3
1 \ .". S /. RN / 1
z‘—o\ E /O.'. 0—72
5’/ NP !
N7/
o /@\ ............. ’ ..... |
4 /7 N o, 3
A% N, /41
i=—0 o 0 —y4
ZIN N AN
e Vo « Vo A
i g s
Origin at T at n1(c,n), at §,—1,0 from 4
Asymmetricunit  —i1<x<} —i<y<i 0<z<!
Symmetry operations
(1) 1 () 2 4,32 (3) 4" 3
(5) 2(0,5,0) 0,y,% (6) 2(3,0,0) x,0,3 (7) 2(3,
9 1 0,0,0 (10) n(3,3,0) x,y,0 an 4+ 4,
(13) ¢ x5,z (14) ¢ 3.3z

4/mmm

Tetragonal

Patterson symmetry P4/mmm

-0 -

(15) ¢ x+1,%,z

452

O oF
OF  +O b
O+ 1O O+
%+® O+
“® OF
-0 OF -0
-0 ® 4O
10 0-
O oF
32 @ 4 1,52
0) xx, ®) 2 x,%,;
— 5% @i (12) 4 —1,5,5 —1,3,0

(16) ¢ x,x,z



CONTINUED No. 130 P4/ncc

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2); (3); (5); (9)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
l6 g 1 (1) x,y,2 @) x+3,5+3,2 3)y+i,x2 @ »x+35,z hkO: h+k=2n
5) Xy+3,2+; (6) x+3,5,2+3 (T y+3,x+5,2+3 (8) 7, %2+ Okl : 1=2n
9) %,7,2 (10) x+4,y+4z2 (A y+1,%2 (12) y,x+4,z  hhl 2 1=2n
A3 xy+iz+t A F+Lyz+t A F+LI+LzHE (160 yxz+] 28(1) 2222"
N = 4n

Special: as above, plus

=

hkl : h+k+1=2n

8 f ..2 X, %3  Xtix+ii o x+tinxg LI+
X?‘x’% ‘x+%7f+%’% f+%7‘f7% x’x+%7%
8 e 2.. %7%7Z %7%7Z %a%az—i_% %>%az+% hkl : h+k,l:2n
wHZ HnZ Hnit:  n6Hzt;
8 d 1 0,00 350 500 0,30 0,353 3,0,3 513 0,0,3 hkl : h,k,l =2n
4 c 4 %7iaz %,%,Z‘i’% %,%,Z %7%7Z+% hkl : 1 =2n
4 b 4. L0 53100 §ds hiis hkl : h+k,I=2n
4 a 2.22 353 i g b g hkl : h+k,l=2n
Symmetry of special projections
Along [001] p4mm Along [100] p2mg Along [110] p2mm
a =1i(a—b) b =1i(a+b) a=b b =1ic a =1i(—a+b) b =1ic
Origin at 1, 4,2 Origin at x,0,0 Origin at x,x,0
Maximal non-isomorphic subgroups
I [2] P4c2(116) 1,2, 7, 8 11; 12; 13; 14
[2]P212|c(114) 1; 2; 5, 6; 11; 12; 15; 16
[2] P4cc (103) 1; 2; 3; 4; 13; 14; 15; 16
[2]1 P42,2(90) 1; 2;3;4;,5,6,7; 8
[21P4/n11(P4/n,85) 1; 2; 3; 4, 9; 10; 11; 12
[21P2/n12/c(Ccce, 63) 1; 2; 7, 8, 9; 10; 15; 16
[21P2/n2,/c1(Pccn,56) 15 2; 5, 6; 9; 10; 13; 14
IIa none
IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]1P4/ncc (¢ =3¢)(130); [9] P4/ncc(a’ = 3a,b’ = 3b) (130)

Minimal non-isomorphic supergroups
I none
I [21C4/mcc (P4/mcc, 124); [2]114/mcem (140); [2]1 P4/nmm (¢ = 3¢) (129)

2
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International Tables for Crystallography (2006). Vol. A, Space group 131, pp. 454-455.

4 )
P 2 / mmc D4h 4/mmm Tetragonal
No. 131 P 42/m 2/m 2/C Patterson symmetry P4/mmm
%4- %+ %+ ]7+
1 NN 1 ? @ ? @
N N “\g/ﬁ ‘@ -0 ‘@7 T-0-
| 1:0 70\, 1:0 | +GD— e -+ +@D- nr —CD+
Vade, A7 s La| Y - |5
Lt N o6 o6
1 s N 1 3|3+ 3|4+
:Eo" $ "g/_l:
1,/ \, 1:0 4 \1
3 DS b 57 S 3 Lelly Lol
N "/ 2|2 2|3
T N1 I S @
LN RN ’ 1ot 1 e |
:_\64-4‘ \°/ 4:z§{’ «@-° 7 -O+ +@- |7 -+
VA0 VNV VIV ‘@, D Doy, O
4 4 4 4 4 4 2 2 2 2
XS SRS

N—

Origin at centre (mmm) at4,/m2/mc

Asymmetric unit 0<x<i; 0<y<i; 0<z<

s—

Symmetry operations

(11 (2)2 0,0,z (3) 4'(0,0,5) 0,0,z (4) 4°(0,0,5) 0,0,z
)2 0,50 6) 2 x,0,0 (M 2 xx; ®) 2 x,%;
9 1 0,0,0 (10) m x,y,0 (11) 4+ 0,0,z; 0,0, (12) 4 0,0,z 0,0,
(13) m x,0,z (14) m 0,y,z (15) ¢ x,x,z (16) ¢ x,x,z

Maximal non-isomorphic subgroups

I [21P4m2 (115) 1; 2; 7; 8; 11; 12; 13; 14
[21P42¢ (112) 1; 2, 5; 6; 11; 12; 15; 16
[2]1P4,mc (105) 1; 2; 3; 4; 13; 14; 15; 16
[2]1P4,22(93) 1; 2; 3;4;, 5,6, 7, 8
[21P4,/m11(P4,/m, 84) 1; 2; 3; 4; 9; 10; 11; 12
[21P2/m12/c(Cccm, 66) 1; 2; 7; 8; 9; 10; 15; 16
[21P2/m2/m1 (Pmmm,47) 1; 2; 5; 6; 9; 10; 13; 14

IIa none

IIb [2]C4,/emc(a’ =2a,b' =2b) (P4,/ncm, 138); [2]1 C4,/mmd (a' = 2a,b’ = 2b) (P4,/mnm, 136);
[2]1C4,/emd (a' =2a,b =2b) (P4,/nnm, 134); [21C4,/mmc (&' = 2a,b' = 2b) (P4,/mcm, 132)

Maximal isomorphic subgroups of lowest index

IIc  [3]1P4,/mmc (¢ =3¢)(131); [9] P4,/mmc (2’ =3a,b’ =3b) (131)

Minimal non-isomorphic supergroups
I [31Pm3n(223)
II [21C4,/mmc (P4,/mcm, 132); [2114/mmm (139); [2]1 P4/mmm (¢’ = 5¢) (123)
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CONTINUED No. 131 P4,/mmc

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2); (3); (5); (9)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
16 r 1 (1) x,y,z (2) %,y,z 3) y,x,z+; ) y, %2+ 3 hhl : 1 =2n
(5) %,3,2 (6) x,5.2 (D) yx,2+ 5 (8) ¥,%,2+3 000 : 1=2n
) x,5,Z (10) x,y,z (D) y,x,z+3 (12) 3,x,2+ 3
(13) x, ¥,z (14) %,y.z (15) y.x,z2+ 3 (16) y,x,z+ 5
Special: as above, plus
8 q m.. x,,0 x%7,0 v, X, VX, 5 no extra conditions
f7y70 x?.)_]70 y’x7% .)_}’27%
8 p .m. Iz 59,2 V,5,2+3 V5,243 no extra conditions
%7)’72 %7)_]72 y?%’z—’—% )77%72—’_%
8 o .m. 0,y,z 0,9,z v,0,z+ 1 v,0,2+ 3 no extra conditions
()7)}7Z 07)_152 y’07z+% }_}7072—*—%
8 n .2 X, X, 1 XX, 1 x,x,3 X, X, 3 hkl © 1 =2n
f7x7 % x7x7 % ‘x’f7 % ‘f’x7 %
4 m m2m. x,3,0 %, 3,0 1x,3 1%, 3 no extra conditions
4 I m2m. x,0,3 x,0,3 0,x,0 0,x,0 no extra conditions
4 k m2m. X, 5.3 X33 1,x,0 1,%,0 no extra conditions
4 j m2m. x,0,0 x,0,0 0,x, 3 0,%,3 no extra conditions
4 i 2mm. 0,1,z 3,0,z+1 0,1,7 $,0,741 hkl : h+k+1="2n
4 h 2mm. %7%3Z %7%3Z+% %a%vz %7%72+% hkl @ 1 =2n
4 2mm 0,0,z 0,0,z+ 1 0,0,z 0,0,z + ! Wkl : 1=12n
2 f Zl.mz %7%3% %a%a% hkl © | =2n
2 e dAm2 0,0, ! 0,0,? hkl : 1=12n
2 d mmm. 0,1, 10,0 Wkl : h+k+1=2n
2 ¢ mmm. 0,1,0 10,1 hkl : h+k+1=2n
2 b mmm. 5,3,0 5.5,3 hkl : 1 =2n
2 a mmm. 0,0,0 0,0,1 hkl : 1 =2n
Symmetry of special projections
Along [001] p4mm Along [100] p2mm Along [110] p2mm
a=a b=b a=>b b'=c a'=;3(-a+b) b= ;¢

Origin at 0,0,z Origin at x,0,0 Origin at x, x,0
(Continued on preceding page)
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International Tables for Crystallography (2006). Vol. A, Space group 132, pp. 456—457.

4 10
P ) / mcm D4h 4/mmm Tetragonal
No. 132 P 42/m 2/C 2/171 Patterson symmetry P4/mmm
+ 3 + 3+
] ] ] S 06
S A . O rer 0 o
) ¥ 1:0 REAN 0%\ ! li*@%"l_ _ -+ 15"@1‘1_ -+
PTAN L2 P N, A 2 2
' \\ / ol o
. : N | |+
Nis7 : %
SUPEY CARRT . SOPTTRTR Lol
4 /?\\ ?I;O //9\ 4
\/Z% // + %+ + %+
SUIZANEE IV N TE o@ ol
By S IS Al @ [[r0r | @ POk
PEAN AN N 1OFy O pOF O
i : i SRS SES)
%+ + %+ +
Origin at centre (mmm) at4,/mc2/m
Asymmetric unit 0<x<i; 0<y<i; 0<z<§% x<y

Symmetry operations

(11 (2)2 0,0,z (3) 4'(0,0,5) 0,0,z 4) 4°(0,0,5) 0,0,z
52 0,y; 6) 2 x,0,3 (M 2 xx0 ®) 2 x,x0
9 1 0,0,0 (10) m x,y,0 (11) 4+ 0,0,z; 0,0,} (12) 4 0,0,z; 0,0,}
(13) ¢ x,0,z 14) ¢ 0,y,z 15) m x,x,z (16) m x,x,z

Maximal non-isomorphic subgroups

I [21P3c2(116)
[21 P42m (111)
[2]1 P4,cm (101)
[2] P4.22 (93)
[21P4,/m11 (P4, /m, 84)
[2]1 P2/m12/m(Cmmm, 65)
[21P2/m2/c1(Pccm,49)
IIa  none

S SR

;115 125 13; 14
; 115 125 15; 16
; 13; 14; 15; 16
5;6; 7, 8

;0 9; 10; 11; 12
:9; 10; 15; 16
;0 9; 10; 13; 14

DWW s

Ib  [2]C4,/ecm(a =2a,b =2b) (P4,/nmc, 137); [2]C4,/mcd (8 = 2a,b' = 2b) (P4,/mbc, 135);
[2]C4,/ecd (@ =2a,b' = 2b) (P4,/nbc, 133); [2] C4,/mem (a' = 2a,b' =2b) (P4, /mmc, 131)

Maximal isomorphic subgroups of lowest index
IIc  [3]1P4,/mcem(c =3¢)(132); [9] P4,/mcm (2’ =3a,b’ = 3b) (132)

Minimal non-isomorphic supergroups

I none

Il [2]1C4,/mem (P4, /mme, 131); [2114/mem (140); [2] P4/mmm (¢ = Le) (123)

Copyright © 2006 International Union of Crystallography

456


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o132/

No. 132

CONTINUED P4,/mcm

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2); (3); (5); (9)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
6 p 1 (D) x,y,z (2) %9,z (3) y,x,2+3 4) y.%,2+3 Okl = I =2n
(5) %,y,2+ (6) x,5.Z+ 3 (1 y,x,2 (®) y,%,2 00/ : 1 =2n
) x5,z (10) x,y,2 (1) y,%,2+ 3 (12) y,x,z+ 3
(13) x,¥,2+ 3 (14) x,y,2+ 3 (15) y,%,z (16) y,x,z
Special: as above, plus
8 o .m X,X,Z XX,z X,x,2+ 1 xX,%,z2+ 3 no extra conditions
*,X,Z+4 3 X X%,Z+ g X,X,Z X, X,z
8 n m. x,,0 x%,9,0 v, X, VX, 5 no extra conditions
f?y?% x?)_]7% y7x70 .)_}’270
8 m 2 x7%7% X7%>% %7)6’% %v-fa% hkl : 1=2n
X,5,3 X33 3,53 3,% 3
8 I .2. x,0,1 %0, 1 0,x,3 0,%,3 hkl : 1 =2n
f707% X,O,% Oafvi Oaxaﬁ
8 k 2 0,3,z 5,0,243 0,3,7+3 $,0,Z hkl : h+k,l=2n
0’%72 %’07Z+% 07%7Z+% %707Z
4 j m.2m X,X, 3 X%, 3 x,x,0 x,%,0 no extra conditions
4 i m.2m x,x,0 x,%,0 X,X, 3 X, %, 3 no extra conditions
4 h 2.mm 11,2 35,2+ 552+ 55,2 hkl = 1 =2n
4 2.mm 0,0,z 0,0,z+1 0,0,7+1 0,0,z hkl : 1=2n
4 f 2/m 0,3,0 1,01 0,51 £,0,0 hkl : h+k1=2n
4 e 222. 0,3,1 10,2 0,1,3 1,03 hkl : h+k,l=2n
2 d 42m 133 1,42 hkl : 1=2n
2 ¢ m.mm 5,3,0 5,353 hkl : 1=2n
2 b 42m 0,0,1 0,0,32 hkl : 1=2n
2 a m.mm 0,0,0 0,0,1 hkl : 1 =2n
Symmetry of special projections
Along [001] p4mm Along [100] p2mm Along [110] p2mm
a=a b =b a=>b b =1lc a’ =1i(—a+b) b =c
Origin at 0,0,z Origin at x,0,0 Origin at x,x,0

(Continued on preceding page)
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International Tables for Crystallography (2006). Vol. A, Space group 133, pp. 458—461.

11
D,
P4,/n2/b2/c

P4,/nbc
No. 133

ORIGIN CHOICE 1

Moo
ot ¢t
rans TN \
KAV \ e
b = =0 - ———— O = =
B I
/7 % 0 \
A I
%:—\( O :{L%
P'd N TR AN
RN -1y
e == = Q= = —— — O = = =
SN LI
SN
%<:\<l>" ) ‘-@’L%
/;\ /*\ 7N
: i i
Origin at412 /c,at —1,4,—4 from 1
Asymmetricunit 0<x<i; 0<y<}i; 0<z<;:
Symmetry operations
(1) 1 (2) 2 0,0,z (3) 47(0,0,3) 0,3,z
(5) 2’ anai (6) 2 X,O,% (7) 2(53%3 ) X, X, 0
O 1 553 (10) n(3,3,0) x93 (11) 4 0,0,z; 000
(13) a x,3,2 (4 b 3,9z (15) ¢ x,%,z

Copyright © 2006 International Union of Crystallography 458

o=

4/mmm

Tetragonal

Patterson symmetry P4/mmm

O,

O

©

Nol—

' ©

O
O

©

Q

N
+

©

(4) 47(0,0,5) 3,0,z

8) 2 x,x+1,0

(12) 4- 0,0,z; 0,0,0

(16) ¢ x,x,z
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CONTINUED

Generators selected

Positions

Multiplicity, Coordinates
Wyckoff letter,

Site symmetry

16k 1 ()xyz (2) x5,z

() %,y,2+ 5
) X+3,7+3,2+;
(13) x+3.5+3,2

8 j ..2 xx+3,0  %¥+5,0
X+1,55 x+5,x%
8 i 2. x,0,32 %,0,3
¥+s5,45,3  x+5,5,3
8 h .2 x,0, 1 %,0,3
x+3,45,5  x+i,1,3
8 8 2 O’O’Z %,%,Z‘}’%
5,5,2+5 0,02
8 f 2 0,1,z 03,2+
%707Z+% %7072
8 e 1 i i i
4 d & 0,0,0  3,5,5 0,0
4 ¢ 2.22 0,40 0,414 3,0,
4 b 222. 0,0,! 5,51 33
4 a 222. 0,41 01 3,0,

Symmetry of special projections
Along [001] p4mm

a’ =i(a—b) b =1i(a+b)
Origin at 0,0,z

Maximal non-isomorphic subgroups
I [2]1 P4b2(117) 1; 2
[2]1P42c(112) 1;

[2] P4,bc (106) 1;

[21 P4,22(93) 1;
1

1

1

’

[2] P42/n1 1 (P42/n, 86)
[21P2/n12/c(Ccce, 63)
[21P2/n2/b1(Pban, 50)

none

s

NI\)N}\JNI\)
NRW W s

s

IIa
IIb

none

(6) x,9,Z2+3
(10) x+ 5,y + 5,7+
(14) x+3,y+ 3,2

>

>

s

’

k)

s

k)

HEHIRE

(11) y,x,z
5 = 1
(15)yax>z+5
= 11 =11
x7-x+§a§ -xax+§a§
X+%,f,0 f+%,x,0
1 11 o= 11
X+ 3,3 X+ 3,3
=1 1
O7va Oaxaz
1 13 1= 13
X+ 3,3 X+ 3,3
= 3 3
Ov-va vavz
0,0.Z24+5 1,52
11 1
2725% 0707Z+5
0,3,Z24+5 0,52
1 1 1
E,O,Z 5707Z+5
3 3 13 3 11 1
3 39353 39353 3
1 11
2 33,0
1 1
2 57070
1 3
1 07075
1 1 3
3 57072

Along [100] p2mm
a=1b b=c
Origin at x,0,

8, 11; 12; 13; 14
6; 11; 12; 15; 16
4; 13; 14; 15; 16
6; 7; 8

i 4;9; 105 11; 12

8; 9; 10; 15; 16

; 6; 9; 10; 13; 14

Maximal isomorphic subgroups of lowest index

Ilc

Minimal non-isomorphic supergroups
I none

1T

[3]P4,/nbc (¢ = 3¢) (133); [9] P4, /nbc (a' =3a,b' =

3b) (133)

459

[21C4,/mmc (P4,/mcm, 132); [2]114/mcm (140); [2]1 P4/nbm (¢ =

(1); £(1,0,0); ¢(0,1,0); ¢(0,0,1); (2); (3); (5); (9)

B)y+s5x+3,2+;5
(D y+s.x+3.2

1

ST

No. 133

P4,/nbc

Reflection conditions

General:

@) y+3,x+35,2+35 hkO: h+k=2n

@) y+3.F+5z Ok k=2n

s 001+ 1=

16) y,x,z+ 3 sl=an

(10) 523 h00: h=2n
Special: as above, plus
hkl : h+k+1=2n
hkl : h+k=2n
hkl : h+k=2n
hkl © h+k,l=2n
hkl © h+k,l=2n

Hhi o i hkl : h,k,l=2n
hkl © h+k,l=2n
hkl @ h+k,l=2n
hkl © h+k,l=2n
hkl : h+k,l=2n

1) (125)

2

Along [110] p2mm
a =ji(—a+b)
Origin at x,x,0

b = jc



11
P 42 / nbc D4h 4/mmm Tetragonal
No. 133 P 42/7L 2/[9 2/C Patterson symmetry P4/mmm

ORIGIN CHOICE 2

I z\o/z ! 41\ /% ! %\'o/% 006

(e]

AY 7\ -
%/: .\.\ /.’ : i i :\‘lz O+1_O ?"O O!-
—1 1 W 1 Lo .
LA \-\ | | 1 O+ 70 O3+
AN VA s Vo -0 O+
R NN 1 00
: 4 1 L, 1
—1 @ ¢ - > O O
% I .‘_-- % -,.. I /'/ N\ N I % §+® @5— 7+®
| Y PN 0 O-
N I RN | N +0O-
4 3 4 3 3 )
Origin at 1 at n(b,a)(n,c), at 1,—1}, 1 from 4
Asymmetric unit —1<x<y; —1<y<i 0<z<;
Symmetry operations
(1) 1 ()2 1,52 (3) 47(0,0,3) 1,1,z “4) 4(0,0,3) 1,12
(5)2 L»0 6) 2 x,1,0 (7 2 xx} 8) 2 xi+i,
(9) l OaOaO (10) n(%,%,O) x7y70 (11) 4+ zl_u*zluZ; %77%7% (12) 47 741_17%7Z; 7%7%7%
(13) a x,0,z (14) b 0,y,z (15) ¢ x,%,z (16) n(3,3,5) x,xz

460



CONTINUED No. 133 P4,/nbc

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2); (3); (5); (9)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
16 k 1 (D) x,y,z (2)x+3,5+3,2 ) y+3,%2+3 @) y,X+35,2+3 hkO: h+k=2n
) x+1,32 6) x,7+3,2 (7 y,x,2+ 3 (8) y+5,%+35,2+5 Okl : k=2n
9) £,3.2 (10) x+4,y+42  ADy+55z2+3 (A Jx+3,2+1 hhl : 1 =2n
A3)x+1yz (4 Ey+iz (15) 7. %, 2+ } (16) y+ Lx+ 4,241 286 ﬁf 22"
N = 4n

Special: as above, plus

8 j ..2 X, X, 1 X+ 1,5+ 1,4 X+1,x,3 X, X+ 1,3 hkl © h+k+1=2n
f?'f’% x+%’x+%’% x+%7x7% X,x‘}’%’%

8 i .2. X, 1,3 X+1,4,3 1,x,0 1L,X+1,0 hkl : h+k=2n
%3 xt+ni: o %500 1x+3,0

8 h 2 x>%70 -f+%a%>0 %7-%% %7)2—’—%7% hkl - h+k:2n
f?%’o x+%’%70 %7'%’% %7x+%7%

8 8 2 %7%,2 %,%,Z‘f’% %,%,Z %7?_”24»% hkl : h+k71:2n
%,%,Z %,%,Z‘i’% ia%?z %,%,Z‘i’%

8 f 2 i?%az %,i,Z‘f’% %,%,Z %,%,Z_‘i’% hkl - h+k71:2n
Lz LbIt: Lhz Lzt

8 e 1 0,00 550 30,5 0,5, 50,0 0,50 0,03 30353 hkl = h,k,l =2n

4 d 4. Irdd B Iriri 033 hkl : h+k,l=2n

4 ¢ 2.22  3,5: B4 3 i hivi hkl : h+k,l=2n

4 b 222, L0 i H50 153 hkl : h+k,l=2n

4 a 222. zl_w%ao %7417’% %7%a0 %a%7% hkl : h+k,l=2n

Symmetry of special projections

Along [001] p4mm Along [100] p2mm Along [110] p2mm

a=j(a—bh) b =;(a+b) a=3ib b=c a =ji(—a+b) b' = ic

Origin at 1,1,z Origin at x,0,0 Origin at x,x,0

Maximal non-isomorphic subgroups

I [21P4b2(117) 1; 2, 7, 8; 11; 12; 13; 14
[2]1P42¢ (112) 1; 2; 5, 6; 11; 12; 15; 16
[2]1 P4,bc (106) 1; 2; 3; 4; 13; 14; 15; 16
[21 P4,22(93) 1; 2; 3; 4, 5, 6; 7, 8
[21P4,/n11(P4,/n, 86) 1; 2; 3; 4, 9; 10; 11; 12
[21P2/n12/c(Ccce, 63) 1; 2, 7, 8, 9; 10; 15; 16
[21P2/n2/b1(Pban,50) 1;2;5; 6;9; 10; 13; 14

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]1P4,/nbc (¢ =3c)(133); [9]1 P4,/nbc (a' = 3a,b’ = 3b) (133)

Minimal non-isomorphic supergroups
I none
II [2]1C4,/mmc (P4,/mcm, 132); [2]114/mcm (140); [2]1 P4/nbm (¢ = ¢) (125)
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12

D,
P 4,/n2/n2/m

P4,/nnm
No. 134

ORIGIN CHOICE 1

4/mmm

Patterson symmetry P4/mmm

ON

©)

N—
+

Origin at 42m, at —4,4,—1 from centre (2/m)

Asymmetric unit 0<x<i; 0<y<I; x<y, y<l—x

Symmetry operations

2)2 0
©) 2 x,
i (10) n(s, %

(14) n(0,3,3

0707%) 0’%>Z
(1) 2(3,3,0) x,x,3
(11) 4+ 0,0,z; 0,0,0
(15) m x,x,z

,0, (3) 4%(
0, 3
XY, 1

Z
0
) 1

) FERZE4

(4) 47(0,0,4) 1,0,z
(8) 2 x5+,
(12) 4- 0,0,z; 0,0,0

(16) m x,x,z

Tetragonal

Maximal non-isomorphic subgroups
I [21P4n2(118)
[21P42m (111)
[2] P4,nm (102) ;

1; o 11; 12; 13; 14
1;
1;
[21 P4,22(93) 1;
1;
1;
1;

11; 12; 15; 16
; 13; 145 15; 16
5;6; 7; 8

9; 10; 11; 12
9; 10; 15; 16
9; 10; 13; 14

k)

[2]1P4,/n11(P4,/n, 86)
[21P2/n12/m(Cmme, 67)
[2]1P2/n2/nl(Pnnn,48)
none

[2]1F4,/ddc(a =2a,b =

k)

IIa
IIb

Maximal isomorphic subgroups of lowest index
IIc  [3]1P4,/nnm(c =3c) (134); [9]1 P4,/nnm (a’ = 3a,b’

3b) (134)

Minimal non-isomorphic supergroups
I [31 Pn3m (224)
II [21C4,/mcm (P4,/mmc, 131); [2114/mmm (139); [2]1 P4/nbm (¢ = ;¢) (125)
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CONTINUED

Generators selected

No. 134

(1); £(1,0,0); ¢(0,1,0); ¢(0,0,1); (2); (3); (5); (9)

P4,/nnm

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
16 n 1 (Dxyz (2) %9,z BG)y+sx+i2+: @ y+si+iz+:; hkO: h+k=2n
(5) %2 (6) x,5,2 M y+ix+3,2+5 @) F+5,%5+5,2+; Okl k+1=2n
) X455+ 15,2+1 (10 x+3y+1,2+1 (D) yEz (12) ,x.2 007 - [ =2n
(I3 x+45+hz+t () F+Ly+hz+t (197,52 (16) y.x.2 h00: h=2n
Special: as above, plus
8 m ..m X,X,Z XX,z X+ix+3iz+3 X+ 31X+ z+3 no extra conditions
x,X,2 X, X,z X+ 5,X+ 35,243 ¥+ 5,8+35,2+3
8 I ..2 X, X+ 1,3 XxX+1,3 XX+, X, X+ 15,3 hkl : h+k=2n
X435, X+ 3,%,3 xX+35,% 3 Xt 1,%,3
8 k ..2 X, X+ 3,3 X+ 1,1 X,x+1,3 X, X+ 1,3 hkl : h+k=2n
X+3,%,; X+ 3,%,5 X+ 35,% X4 1,x, 3
8 j .2. x,0,1 x,0,1 1,x+1,0 1,Xx+1,0 hkl © h+k+1=2n
XJF%?%’O x+%7%’0 07'27% 07'x7%
8 i .2. x,0,0 x,0,0 1x+3, 1LX+1,s hkl © h+k+1=2n
XJF%?%?% 'er%’%?% 07‘270 07'x70
8 h 2.. 0,3,z 0,2,z+1 0,3,7 0,5,7+1 hkl © h+k,l=2n
%’O’Z_+% %’O’Z %707Z+% %707Z
4 2.mm 0,0,z 13,241 0,0,z 13,7+1 hkl : h+k+1=2n
4 f ..2/m Hii IE HEIE G133 hkl © h+kh+1k+1=2n
4 e 2/m 413%7% %7%3% %a%v% %7}_17% hkl . h+k,h+l,k+l:2n
4 d 2.22 0,5,1 0,1,3 1,01 1,0,3 hkl © h+k,l=2n
4 ¢ 222. 0,3,0 0,3,3 1,0,1 1,0,0 hkl : h+k,l=2n
2 b 42m 0,0, 13,0 hkl : h+k+1=2n
2 a 42m 0,0,0 $r343 hkl : h+k+1=2n
Symmetry of special projections
Along [001] p4mm Along [100] c2mm Along [110] p2mm
a =1i(a—b) b =1i(a+b) a=Db b =c a =1i(—a+b) b =c
Origin at 0,0,z Origin at x,0,0 Origin at x,x, ;

(Continued on preceding page)
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12
P 42 / nnm D4h 4/mmm Tetragonal
No. 134 P 42/7L 2/11 2/m Patterson symmetry P4/mmm
ORIGIN CHOICE 2
| Ny s 40 0
AT AR N 00k
S Y2 S VA O- O O-
lar § . D .
AN ! = -0 3+
\gg.___.>l_/_._\_g/ -0 O
g AN 1IN -© O+
e |\<‘>/I \\§/ | .1 RO) O =O)
4 I/% AN I +O = 0
NZ N AN 10 O-
SR AN O OF

Origin at centre (2/m) atnn(2,/g,2/m), a

Asymmetric unit —1<x<y; —1<y<g; 0<z<y; x<—y
Symmetry operations
(H1 ()2 1,52 (3) 47(0,0,3) 3,1,z 4) 47(0,0,3) 1,12
(5)2 iy 6) 2 x,1,3 (7 2 xxO (®) 2 x,i+1,0
(9) l 0 030 (10) n(%?%ao) -x7y70 (11) 4+ 47 47Z- %77%7% (12) 47 717%7Z; 7%7%7}_1
(13) n(3,0,3) x (14) n(0,3,5) 0,5,z (15) m x,%,z (16) g(3,1,0) x,x,2
Maximal non-isomorphic subgroups
I [21P4n2(118) 1; 2, 7; 8 11; 12; 13; 14
[21P42m (111) 1; 2; 5; 6; 11; 12; 15; 16
(2] P4,nm (102) 1; 2; 3; 4; 13; 145 15; 16
[21 P4,22(93) 1; 2, 3;4,5,6;, 7, 8
[2] P4,/n11(P4,/n, 86) 1;2; 3; 4, 9; 10; 11; 12
[21P2/n12/m(Cmme, 67) 1; 2; 7; 8; 9; 10; 15; 16
[2]1P2/n2/nl(Pnnn,48) 1; 2, 5; 6; 9; 10; 13; 14
IIa  none
IIb [2]F4, /ddc(a =2ab =2b,¢ =2¢)(I4, /acd, 142); [2] F4, /ddm(a =2a,b =2b,c = 2¢c) (I4,/amd, 141)

Maximal isomorphic subgroups of lowest index

Ilc

[3]P4,/nnm (¢ = 3c) (134); [9] P4, /nnm (a' = 3a,b/

Minimal non-isomorphic supergroups

|
1T

[3]1 Pn3m (224)

3b) (134)

464
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CONTINUED

Generators selected

(1); £(1,0,0); ¢(0,1,0); ¢(0,0,1); (2); (3); (5); (9)

No. 134

P4,/nnm

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
16 n 1 (1) x,y,z Q) x+35,7+3.2 B)y+i1,x2+3 4y, x+3,2+37 hkO: h+k=2n
(5) ¥+3,5.2+ 5 (6) x,5+ 3,243 (D) y.x,2 ®) y+5,5+3,2 Okl : k+1=2n
©) 5,52 A x+3y+52  (ADy+p8z+s (1) Ja+gz+y 0000 1=2n
(IDx+iyztt (D Ey+hz+t (5 FFz (16) y+4,x 44,z H00: o=2n
Special: as above, plus
8 m m x,X,z X+ix+1.z2 X+ xz+4 XX+3,2+1 no extra conditions
¥+ 3,52+ XX+ 3,243 XX,z X+ 53,8+ 35,2
8 I 2 X, X, 4 X+ix+45,4 X+ 1,x,0 x,X+ 1,0 hkl © h+k=2n
f?‘f7% ‘x+%7‘x+%’% ‘x+%7‘f’0 f?‘x—’—%?O
8 k ..2 x,x,0 X+1,5+1,0 X+1,x,1 X, X+ 15,3 hkl © h+k=2n
f?‘f70 x+%7‘x+%70 ‘x+%"f7% ‘f’x—"_%?%
8 j 2. X, 5,5 X4 343 3553 5X+1,3 hkl : h+k+1=2n
%53 x+35,3,1 353 LS I
8 i 2. X33 X43,5,1 35 %03 Xt 1,3 hkl : h+k+1=2n
%55 X+3533 3,53 LS I
8 h 2 512 52t it s i1,2 hkl = h+k,l=2n
Lz LIt HE N A Lz
4 2.mm %,%,Z %,%,Z‘i’% %,}T,Z_‘i’% }77%72 hkl - h+k+l:2n
4 f .2/m 0,0,0 33,0 3,0, 3 0,3,3 hkl : h+kh+1,k+1=2n
4 e ..2/m 0,0, 31303 3,0,0 0,3,0 hkl : h+kh+1,k+1=2n
4 d 2.22 1,0 1303 11,0 IS hkl : h+k,I=2n
4 ¢ 222. B33 i L L hkl : h+k,I=2n
2 b 42m i 1,32 hkl : h+k+1=2n
2 a 42m 13 342 hkl : h+k+1=2n
Symmetry of special projections
Along [001] p4mm Along [100] c2mm Along [110] p2mm
a =1i(a—b) b =1i(a+b) a=>b b =c a =1i(—a+b) b =c

Origin at 1,4,z Origin at x, 1,3 Origin at x, x,0

(Continued on preceding page)
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13
P4,/mbc D,
No. 135 P 4,/m2,/b2/c
’ WA A AR
g I N/ f g -
COPE B S B
R0 T RO 1
4 413 '\l ..-‘ ."._I/' 4?3 4 2@
[N W
Z\ ... l \.\ ,-/ I -.. /Z 2
N S N |
TR TN
4 .°'.| . 432. | 4
A_.._—'./_____\.."————'
NEAENE R
\§4:Z | ° X 4=%§/ +@-
1/ \1 l 1’/ \1 l 1/ \1 1
g i i g s 4 2
©
3+
Origin at centre (2/m) at4,/m1n
Asymmetricunit 0<x<i; 0<y<ji; 0<z<;
Symmetry operations
(1 (22 0,0,z (3) 4%(0,0,3) 0,0,z
(5) 2(0,5,0) 3,50 6) 2(3,0,0) x,3,0 (7) 2(3,5,0) x,x,5
© 1 0,0,0 (10) m x,y,0 (11) 4 0,0,z 0,0,!
(13) a x,3,2 (14) b i3z (15) ¢ x+3,%z2

Copyright © 2006 International Union of Crystallography
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Tetragonal

Patterson symmetry P4/mmm

4/mmm
%+ %+
S S
3~ ‘@- T
-+ 1
3+ 2
o ¢
1_ 2
2 _<D+
- |y
1 2 1
7+ 5+
o @ o
1_ 2t 1_
2 +(D_ 2
@+ 1
2
S
%+
(4) 4°(0,0,5) 0,0,z
(8) 2 x, 5411
(12) 4- 0,0,z; 0,0,5
(16) n(3,3,5) XX,z


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o135/

No. 135

CONTINUED

P4,/mbc

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2); (3); (5); (9)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
16 i 1 (1) x,y,z 2) x,9,z 3) y,x,z+ 3 4 y,x,z+1 Okl : k=2n
G)X+5y+3.2 ©Ox+59+52 Dy+ix+32+: @) F+3,8+5,2+5  hhl: 1=2n
) %5, (10) x,3,2 (1) y,%,2+1 (12) 7%, 2+ 0L = [ =2n
(1) x+15+he A F+hy+hz () F+5E+hz+t (16)y+hx+izp A0 h=2n
Special: as above, plus
8 h m x,y,0 x%,9,0 V,X, 3 VX, 3 no extra conditions
¥+3,y+1,0 x+3,5+1,0 y+ix+i,: y+5x+1,3
8 g 2 x7x+%7% X7f+%a% X+%ax7% X—f—%,f,% hkl : 1 =2n
X X+3,3 XX+ 3,3 X+ 3,85 Xt 3,05
8 f 2 0,3,z 5,0,2+ 3 5,0, 0,4,7+14 hkl © h+k,0l=2n
07%72 %7072—"_% %’07Z 07%7Z+%
8 e 2 0,0,z 0,0,z+1 13,2 15,7+ 1 hkl : h+k,l=2n
0707Z 0707Z+% %’%7Z %7%7Z+%
4 d 2.22 0,1,1 1,0,3 0,3,3 1,01 hkl : h+k,l=2n
4 ¢ 2/m.. 0,3,0 5,0,3 5,0,0 03,3 hkl : h+k1=2n
4 b 4.. 0,0, 0,0, 3 13,3 1a s hkl : h+k,l=2n
4 a 2/m.. 0,0,0 0,0,3 1,3,0 15,3 hkl : h+k,l=2n

Symmetry of special projections
Along [001] p4gm

a=a b'=b

Origin at 0,0,z

Along [100] p2mm
a=;b b =c
Origin at x,0,0

Along [110] p2mm
a'=;j(—-a+b)
Origin at x, x,0

1
b/—ic

Maximal non-isomorphic subgroups

I [21 P4b2(117) 1; 2, 7; 8 11; 125 13; 14
[2]1 P42 c(114) ; 25 5; 6; 115 125 155 16
[2] P4,bc (106) ; 45 135 145 15; 16

l\)l\)l\)w[\)l\)l\)l\)
PRL WY
NSO P DB ONX

[2]1P4,2,2(94)

1

1

1 15,6, 7; 8
[21P4,/m11(P4,/m, 84) 1;

1

1

;0 9; 10; 11; 12
;0 9; 10; 15; 16

[21P2/m12/c(Cccm, 66)

[2]P2/m21/b1(Pbam, 55) ;0 2;5; 6; 9; 10; 13; 14
IIa none
IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]P4,/mbc (¢ =3¢)(135); [9]1 P4,/mbc (a’ =3a,b’ = 3b) (135)

Minimal non-isomorphic supergroups
I none
Il [21C4,/mmc (P4, /mcm, 132); [2114/mcm (140); [2] P4/mbm (¢ = L¢) (127)
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14
P 42 / mnm D4h 4/mmm Tetragonal
No. 136 P 42/m 21/11 2/m Patterson symmetry P4/mmm
& &
+(D- +(D-
-+ -D+
- l -
3+
? © ®
RO
%*’GD%_%_
o §| e
+®— +®_
- —®+ _®+
6 ®
Origin at centre (mmm) at2/m12/m
Asymmetric unit 0<x<3; 0<y<i; 0<z<4i x<y
Symmetry operations
11 (2)2 0,0,z (3) 47(0,0,5) 0,3,z (4) 4°(0,0,5) 3,0,z
(5) 2(0,5,0) 3,y3 (6) 2(3,0,0) x,4,3 (M 2 xx0 ®) 2 x,x0
9 1 0,0,0 (10) m x,y,0 (1) 4 3,0,z 3,0,5 (12) 4 0,5,z 0,55
(13) n(3,0,3) x5,z (14) n(0,3,3) 502 (5) m x,%,z (16) m x,x,z

Copyright © 2006 International Union of Crystallography 468
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CONTINUED

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2); (3); (5); (9)

No. 136

P4,/mnm

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
16 k 1 (Dxyz (2) %9,z BG)y+s5x+32+: @ y+s5X+sz+: Okl k+1=2n
) F+ny+5it+: O x+313+5,2+3 (Dyxz (8) y,%,2 007+ [ =2n
) %7, (10) x,y,2 AD y+5i+5z+1 ) y+iatiz+1 00 h=2n
(I3 x+3,5+5,z2+3 D F+5,y+52+5 (157,52 (16) y,x,z
Special: as above, plus
8 j m X,X,Z XX,z X+ix+iz+3 X+ 1,X+1,z+ 3 no extra conditions
X+ 3,x+ 3,2+ 3 X+ 5, X+ 35,2+ X,X,Z X, X,z
8 i m. x,y,0 x%,7,0 V+i,x+14 y+i,5+1,% no extra conditions
‘f+%7y+%7% x+%7)_}+%7% y7‘x’0 )_}7)2’0
8 h 2.. 0,1,z 0,5,z+1 1,0,7+1 1,0,7 hkl © h+k,l=2n
07%7Z 07%72—’—% %707Z+% %707Z
4 m.2m x,x,0 x%,x,0 xX+3.x+13,3 X+3,x+13,3 no extra conditions
4 f m.2m x,x,0 x%,x,0 X+3.x+1.3 X+3,x+13.3 no extra conditions
4 e 2.mm 0,0,z 13,2+ 1 13,7+1 0,0,7 hkl : h+k+1=2n
4 d 4.. 0,1,4 0,3,3 1,01 1,02 hkl © h+k,l=2n
4 c 2/7’)1 07%a0 07%7% %aoa% %7070 hkl N h+k,l:2n
2 b m.mm 0,0, 1,3,0 hkl : h+k+1=2n
2 a m.mm 0,0,0 5,553 hkl : h+k+1=2n
Symmetry of special projections
Along [001] p4gm Along [100] c2mm Along [110] p2mm
a=a b=b a=b b =c a’=i(—a+b) b =c

Origin at 0, 1,z Origin at x,0,0

Maximal non-isomorphic subgroups

Origin at x,x,0

I

IIa
IIb

[21P4n2(118) 1; 2; 7; 8 11; 12; 13; 14
[2]1 P42, m (113) 1; 2; 5; 6; 11; 12; 15; 16
[2] P4,nm (102) 1; 2; 3; 4; 13; 14; 15; 16
[21 P4,2,2(94) 1; 2; 3,4, 5,6, 7; 8

[2]1 P4,/m11(P4,/m, 84) 1; 2; 3; 4; 9; 10; 11; 12
[21P2/m12/m(Cmmm, 65) 1;2; 7; 8; 9; 10; 15; 16
[2]1P2/m2,/n1 (Pnnm, 58) 1; 2;5; 6; 9; 10; 13; 14
none

none

Maximal isomorphic subgroups of lowest index

Ilc

[3] P4, /mnm (¢ = 3¢) (136); [9] P4, /mnm (a’ = 3a,b' = 3b) (136)

Minimal non-isomorphic supergroups

I
IT

none

[2]1C4,/mcm (P4,/mmc, 131); [2]114/mmm (139); [2] P4/mbm (¢ = 3¢) (127)
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P4 D.,

»/NMcC Ah 4/mmm Tetragonal
No. 137 P 42/I’l 21/m 2/C Patterson symmetry P4/mmm
ORIGIN CHOICE 1

ll : 1 1 - - - -
¢ 1 N ©JO) ©JO)
N f A% f N 0 o O O
AN 1 | AR +O O+ +Q O+
| N RE | 0 LylLs 0|0
—| | | SN
\§' \,\@/,/ -....§/ %-@ O%-—
s - AN 1 AN +-O O}y
| N - | - Ol - | =
T RN o ¥l Olo
\(v/' § '\®/" +O Ok +O O+
PR { 4N { AR +O O+ +Q O+
% % ©0 ©0
Origin at 4m2/n, at —4, 1, —1 from 1
Asymmetricunit 0<x<i; 0<y<}i; 0<z<;
Symmetry operations
(11 (2)2 0,0,z (3) 47(0,0,5) 0,3,z 4) 47(0,0,5) 3,0,z
(5) 2(0,5,0) 3,3 (6) 2(5,0,0) x,3,3 (M 2 xx0 ®) 2 x,x0
DT f5s (10) n(3,5,0) x5 (11) 47 0,0,z; 0,0,0 (12) 4~ 0,0,z; 0,0,0
(13) m x,0,z (14) m 0,y,z (15) ¢ x+3,%z2 (16) n(3,5,3) x,x,2

Copyright © 2006 International Union of Crystallography
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CONTINUED

Generators selected

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
16 A 1 (1)xyz (2) x,3,z
(5) X+3,y+35,2+: (O)x+35,5+3572+35 (Dyxz
O) X+3,9+35,2+3: (10) x+3,y+3,2+5 (1) 3,52
(13) x,3,z (14) x,y,z
8 g .m 0,3,z 0,3,z Y+i,5,2+3
LY+t ¥+t %0z
8 f 2 x,x,0 x,x,0 X+ix+1.4
¥+3,%+3,7 xt+x+3: 0%0
8 e 1 $13:7 i -5 g 12907
4 d me 07%7Z 07%’Z+% %’07Z_+% %7072
4 ¢ 2mm 0,0,z 3,5,2+3 »52t: 0,02
2 b 4m?2 0,0,3 15,0
2 a Zth 07070 %a%?%

Symmetry of special projections

Along [001] p4mm Along [100] p2mg

a—1@a-b) b=ia+h) a=b b=c
Origin at 0,0,z Origin at x, 3, 3
Maximal non-isomorphic subgroups

I [2]1P4m?2 (115)
[2]1 P42, c(114)
[2] P4,mc (105)
[2] P4,2,2(94)
[2]1 P4,/n11(P4,/n, 86)

;8 115 12; 13; 14
; 6; 115 12; 15; 16
;45 13; 14; 15; 16
;4 5,6, 7; 8

;45 9; 10; 115 12

e ek e e e
RN
N ] W W WU

[21P2/n12/c(Ccce, 68) ;0 2,7, 8, 9; 10; 15; 16
[2]P2/n21/m1(Pmmn, 59) ;2,5 6; 9; 10; 13; 14
IIa none
IIb none

Maximal isomorphic subgroups of lowest index
IIc [3]1P4,/nmc (¢ =3¢)(137); [9]1 P4,/nmc (a’ = 3a,b’ = 3b) (137)

Minimal non-isomorphic supergroups
I none

B)y+s5x+3,2+;5

(A5) y+ 3.5+ 5,2+

No. 137

(1); £(1,0,0); ¢(0,1,0); ¢(0,0,1); (2); (3); (5); (9)

®) 3,%,2
(12) y,x,2

y+i52+3
.)_}’O’Z

@ y+3,5+5,2+3

(16) y+3,x+3,2+3

P4,/nmc

Reflection conditions

General:

hkO :
hhl :
00/ :
h00 :

h+k=2n
l=2n
l=2n
h=2n

Special: as above, plus

no extra conditions

hkl : h+k+1=2n

Wkl : k0 =2n

hkl : 1 =2n

hkl : h+k+1=2n

hkl : h+k+1=2n

hkl : h+k+1=2n

Along [110] p2mm

a=i(—a+b)
Origin at x, x,0

Il [2]1C4,/mmc (P4, /mem, 132); [2114/mmm (139); [2] P4/nmm (¢ = ‘c) (129)

471
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;C



15
P 42 / nmec D4h 4/mmm Tetragonal
No. 137 P 42/7L 21/m 2/C Patterson symmetry P4/mmm
ORIGIN CHOICE 2
| NPT
NN N -0 0-
e AN 00
¢ N A O) O} %
] ANy 10O Oz
S A N ffoYeX
1'/ \'\ ’ g 1 -© O-
4 N\ 4 -© O 0
AT -0 OF 0
i A N q
N N s 0 0-
4 4 4 4 4 4
Origin at 1 atn2, (c,n), at §,—%, + from 4m?2
Asymmetric unit —1<x<y i<y <y 0<z<:
Symmetry operations
(1 22 3,52 (3) 47(0,0,3) 1,12 4) 4°(0,0,3) 1,12
(5) 2(0,3,0) 0,50 (6) 2(5,0,0) x,0,0 (7) 2(5,3,0) x,x,1 (®) 2 x,%,3
(9) I OaOaO (10) n(%,%,O) X,y,O (11) Z"+ zl_u*%vZ; zl_t 741_17% (12) 2"7 741_17%7Z; 7417%7411
(13) m x,3,z (14) m 3,5,z (15) ¢ x+3,%,z2 (16) ¢ x,x,z

472



CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

(1); £(1,0,0); ¢(0,1,0); ¢(0,0,1); (2); (3); (5); (9)

16 h 1 D) x,y,z (2) 43,5+ 3,2 B)y+i,x2+3
) x,y+3.2 6) x+3,9,Z 7 y+i3,x+35,2+3
9) x,3,2 (10) x+ 35,y + 3,2 (1) y+3,%2+3
(13) x,5+ 3,2 (14) X+ 3,32 (15) y+3,%+35,2+3
8 ¢ .m 2 ny+tsz  Yy+inzts Y5t
Ly+i3.2 L.z y+3,5,2+3 V,1,2+3
8 f .2 x7f7-/1_1 f+%7-x+%7-/1_1 x+%ax7% f7f+%a%
X3 x+3,8+35,37  I+H5ED 0 xx+i,4
8 e T 07070 %7%70 %707% 07%7% 07%70 %7070
4 d 2mm NN S LT LI+
4 ¢ 2mm Lt izt LI LIt
2 b 4m2 SN L
2 a 4m2 SN N

Symmetry of special projections
Along [001] p4mm

Along [100] p2mg

a=ji(a—bh) b =j(a+b) a=b b=c
Origin at 1,4,z Origin at x,0,0
Maximal non-isomorphic subgroups

I [2]1P4m?2 (115)
[2]1 P42, c(114)
[2] P4,mc (105)
[2] P4,2,2(94)
[2]1 P4,/n11(P4,/n, 86)

r——»—u—y—a.—A.—a
l\)l\)l\)ul\)l\)[\)l\)
PPN RERTRR Y
N0 PR DO

[21P2/n12/c(Ccce, 68) 3 23 T,
[21P2/n2,/m1(Pmmn,59) ;2509
IIa  none
IIb none

;115 125 13; 14
; 115 125 15; 16
; 13; 14; 15; 16
15,6, 7; 8

;0 9; 10; 11; 12
:9; 10; 15; 16
;0 9; 10; 13; 14

Maximal isomorphic subgroups of lowest index

IIc [3]1P4,/nmc (¢ =3¢)(137); [9]1 P4,/nmc

Minimal non-isomorphic supergroups
I none

(a’ = 3a,b' = 3b) (137)

No. 137

A yx+35,2+3
®) 7,%,7+1
(12) §,x+ 4,741
(16) y,x,z+ 1

0,0,3

[SIE
[SIE
SIE

Along [110] p2mm
a=i(—a+b)
Origin at x, x,0

Il [2]1C4,/mmc (P4, /mem, 132); [2114/mmm (139); [2] P4/nmm (¢ = ‘c) (129)

473

P4,/nmc

Reflection conditions

General:

hkO: h+k=2n
hhl © 1=2n
00l : [=2n
h00: h=2n

Special: as above, plus

no extra conditions

hkl : h+k+1=2n

hkl : h,k,l=2n

hkl : 1 =2n

hkl : h+k+1=2n

hkl : h+k+1=2n

hkl : h+k+1=2n
b =3¢
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P4,/ncm
No. 138

ORIGIN CHOICE 1

16
Dy
P 4,/n2/c2/m

VINC, LN I
s AN i -
- o : oL P — 2
NPANVANP. ©
S T ‘O
AN J VAN J N O
g i 1 i 1 i o
Origin at4cg, at —}, 4, —4 from centre (2/m)
Asymmetricunit 0<x<} 0<y<i 0<z<1l; x<y; y<i-x
Symmetry operations
(H 1 (22 0,0,z (3) 47(0,0,3) 0,3,z
(5 2(0,3,0) 3,50 (6) 2(3,0,0) x,3,0 (7 2 xx:

Copyright © 2006 International Union of Crystallography

(]0) n(%>%a0) xaya%
(14) ¢ 0,y,z

(11) 4+ 0,0,z; 0,0,0
(15) m x+3,%,z

474

4/mmm Tetragonal

Patterson symmetry P4/mmm

0
"0

O~

(4) 47<0a0a%) %aOaZ
(®) 2 x,%;

(12) 4 0,0,z; 0,0,0
(16) g(3,3,0) x,x,z


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o138/

No. 138

CONTINUED

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2); (3); (5); (9)

P4,/ncm

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
16 j 1 (Dxyz (2) %9,z BG)y+sx+i2+: @ y+s5i+i,2+:; hkO: h+k=2n
(5) ¥+ 3,y+3.2 (6) x+3,543,2 (D) yx,2+ 5 (8) y,.%,2+3 Okl : [=2n
) X435+ 1,2+1 (A0 x+3y+1,2+1 (D) iz (12) y,x,2 007 - [ =2n
(13) x,3,2+1 (14) £ y,2+1 (15 5+5%+4z  (16) y+ix+iz 00 h=2n
Special: as above, plus
8 i m XX+ 1,2 X,X+1,2 Xx+13,z+1 X, X+3,2+1 no extra conditions
X+1,x2 X+ 5,%,2 X+ 3,62+ 3 ¥+ 3,52+
8 h 2 X, X, 3 X%, 3 X+i3,x+13% X+1,x+14 hkl : h+k=2n
X+3,3+15,1 x+3,x+15,1 X, % 3 X, 3
8 g 2 X, X, 5 X%, 5 X+3,x+13,3 X+3,x4+1,3 hkl : h+k=2n
X+3,3+15,3 X+ 3,x+15,3 X, %, 3 x,x, 3
8 f 2.. 0,0,z 15,2+ 1 13,2 0,0,7+ 3 hkl : h+k,l=2n
%7%7Z+% O’O’Z 0707Z+% %7%7Z
4 e 2.mm 0,3,z 0,2,z+1 $,0,Z 50,743 hkl : 1 =2n
4 d ..2/m N N i N hkl © h+kh+1,k+1=2n
4 ¢ ..2/m N i i N hkl © h+kh+1,k+1=2n
4 b 4.. 0,0,0 Iv3ys 13,0 0,0,1 hkl : h+k,l=2n
4 a 2.22 0,0, 13,3 13,3 0,0,3 hkl : h+k,l=2n
Symmetry of special projections
Along [001] p4mm Along [100] p2mg Along [110] p2mm
a =1i(a—bh) b’ =i(a+Db) a=b b =1lc a’ =ji(—a+b) b'=c
Origin at 0,0,z Origin at x, 1,0 Origin at x,x, ;

Maximal non-isomorphic subgroups

I [2]1P4c2(116) 1; 2, 7; 8 11; 12; 13; 14
[2]1 P42, m (113) 1; 2; 55 6; 115 12; 15; 16
[2]1 P4,cm (101) 1; 2; 3; 4; 13; 14; 15; 16
[21 P4,2,2(94) 1; 2; 3,4, 5,6, 7, 8
[2]1 P4,/n11(P4,/n, 86) 1; 2; 3; 4; 9; 10; 11; 12
[21P2/n12/m(Cmme, 67) 1; 2; 7; 8; 9; 10; 15; 16
[2]1P2/n2,/c1 (Pccn, 56) 1; 2; 5; 6; 9; 10; 13; 14

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc [3]1P4,/ncm (¢ =3¢)(138); [9]1 P4,/ncm(a’ = 3a,b’ = 3b) (138)

Minimal non-isomorphic supergroups
I none
II  [21C4,/mcem (P4, /mme, 131); [2114/mcem (140); [2] P4/nmm (¢ = tc) (129)
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16
P 42 / ncm D4h 4/mmm Tetragonal
No. 138 P 42/7l 21/6‘ 2/171 Patterson symmetry P4/mmm
ORIGIN CHOICE 2
1 1 1
4 4 4
. NNV L 10 G-
470 < : A 1
e N a7 AN +O O3+
....... SN 0- 10 X
/\ S O +0O O3+
1 \ S \\ / 1 %*@ O+
AN : A : 04 1
/ \\ : // \/ \ ‘@ OT
OO AN Y- O O- 0
/,ﬁg\\\ /\ -O - -O
%‘_0// : A : o/—(—ﬁ %“O oF
AN N AN OOk
i : i
Origin at centre (2/m) atn1(2/m,2 /g), at t,—1, 4 from 4
Asymmetric unit = —;<x<ji; —i<y<i 0<z<}y; x<y
Symmetry operations
(1) 1 (2) 2 %>%az (3) 4+(0a0a%) 7,3, (4) 47(0707%) %>%az
(5) 2(0,3,0) 0,y,3 (6) 2(3,0,0) x,0,3 (7 2(3,5,0) x,x,0 (®) 2 xx0
(9) T 070a0 (10) n(%7%a0) xayao (11) Zﬁ JT?_ZaZ; 1 _zl_u% (12) ZI.’ _z]_u%az; _iaz]_ui
(13) ¢ x5,z (14) ¢ 3.3z (15) m x+3,%,z (16) m x,x,z

476



CONTINUED

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2); (3); (5); (9)

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

16 j 1 D x,y,z (2) x+3.5+13,2 B) y+3.x2+5
G) Xy+s52+; (6) x+5,5,2+4 5 (D y+s.x+3.2
) %,5,2 (10) x+3,y+3,2  (ADy+35,52+3

(13) x,5+35,2+3 (14) x+3,y,2+3 (15) y+3,5+3,2

. S 1 =] = 1 1
8 i ..m X,X,Z X+ 3,X4+ 3,2 X+3,x,24+3
= 1= 1 1 == 1 1 1 =
x,x+5,z+5 X+§,X,Z+§ x+5,x+5,z
= = 1 1 1 1 == 1
8 h 2 x,%,0 X+ 3,x+3,0 X+3,%,3 XX+ 3
o= =1 =1 1
x7-x70 x+57-x+570 x+5,x,5 -xax+5
=1 =1 11 1 == 1
8 8 2 X, X5 3 x+i7-x+iai x+i7-xa0 x7x+i
= 1 1= | 11 -1 = 1
X, X, 3 x+57-x+5a5 -x+57-xa0 x?-x+5
301 13 1 13 = 1 301 =
8 f 2 1,2 2t it Il
13 = 301 54 1 301 1 13
1< it it 192
11 11 1 33 54 1 33 =
4 e 2.mm 7,1, it s 12+ 3 1158
11 1 1 11
4 d 2/m OaOaO 5a570 57075 Oaiai
1 111 1 1
4 C 2/m anai 29292 57070 075a0
1 31 3 13 1 1 3 3 301 1
4 b 4 194574 1949 7% RN 1935 7%
301 131 13 3011
4 a 2.22 71,0 IR 11,0 12

Symmetry of special projections

Along [001] p4mm Along [100] p2mg
a=ji(a—b) b’ =i(a+Db) a=>b b =1ic
Origin at 1,1,z Origin at x,0,0

Maximal non-isomorphic subgroups

I [2]1P4c2(116) 1; 2, 7; 8 11; 12; 13; 14
[2]1 P42, m (113) 1; 2; 55 6; 115 12; 15; 16
[2]1 P4,cm (101) 1; 2; 3; 4; 13; 14; 15; 16
[21 P4,2,2(94) 1; 2; 3,4, 5,6, 7, 8
[2]1 P4,/n11(P4,/n, 86) 1; 2; 3; 4; 9; 10; 11; 12
[21P2/n12/m(Cmme, 67) 1; 2; 7; 8; 9; 10; 15; 16
[2]1P2/n2,/c1 (Pccn, 56) 1; 2; 5; 6; 9; 10; 13; 14

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc [3]1P4,/ncm (¢ =3¢)(138); [9]1 P4,/ncm(a’ = 3a,b’ = 3b) (138)

Minimal non-isomorphic supergroups
I none

DI=

[SIE

o o

=

No. 138 P4,/ncm

Reflection conditions

General:

4) y,x+%,z+% hkO: h+k=2n

(8) ¥,%,2 Okl : 1=2n
(12) jx+3,z+3 000: 1=2n
(16) V,X,2 h00: h=2n

=1 =i

I [2]1C4,/mem (P4, /mme, 131); [2114/mem (140); [2] P4 /nmm (¢ = t¢) (129)

477

N

S

Special: as above, plus

2+ 3 no extra conditions
hkl : h4+k="2n
hkl : h+k=2n

hkl : h+k,l=2n

hkl : 1 =2n
hkl © h+kh+1k+1=2n
hkl © h+kh+1,k+1=2n
hkl : h+k,1=2n
hkl : h+k,1=2n

Along [110] p2mm

a =j(—a+b) b =c
Origin at x, x,0
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17
[4 / mmm D., 4/mmm Tetragonal
No. 139 1 4/m 2/m 2/m Patterson symmetry /4/mmm
1N 11l 111 1 T~ N
3 3 44 3 141 3 k) 56
RS RS 7S ®- ®- @
+(» - -(I)+ +(])- - +
AT TN <
1, \i}.-/}?\-. |% N *GD”_ _‘GD* e +@‘_ _‘QD*
PSR Y SN T S S P 27t
4 /§ 9\ ro ¢ S SIS, O
NPEANPARN 7l U FE
R R e 0
%//110.\‘ ll/ \ll 7 \\L 7+€D7_L- l_TGDE*
34\ 4 .4, 4 37132
1._‘._\.§ ........ 9.’___,1 P Y= |+
4 IN, 10 7Y 4 SIS oL, SIS
VZERN VAN PZ SO A
O /§\ BN :%_ —$+ +$_ —%+
- -6+ +0D) - - +
l/*\!/#\l(*\ o o
a i i i SAS) O
+ o+ + o+
Origin at centre (4/mmm)
Asymmetric unit 0<x<3; 0<y<i; 0<z<1, x<y
Symmetry operations
For (0,0,0)+ set
(1) 1 (2) 2 0,0,z (3) 4* 0,0,z 4) 40,0,z
(5)2 0,50 6) 2 x,0,0 (M2 xx,0 ®) 2 xx0
9 1 0,0,0 (10) m x,y,0 (11) 3 0,0,z 0,0,0 (12) 4 0,0,z 0,0,0
(13) m x,0,z (14) m 0,y,z 15) m x,x,z (16) m x,x,z
For (4,4,5)+ set
(1) 1(3,3,3) (2) 2(0,0,5) 3,31,z (3) 47(0,0,3) 0,3,z 4) 4°(0,0,3) 3,0,z
(5) 2(07%70) %7)}7% (6) 2(%a0a0) xazl_u% (7) 2(%>%a ) -xax7% (8) g X,)E—f—%,%
C)N (10) n(3,3,0) x.y,3 (D 4+ 3,0,z 3,03 (12) 4~ 0,3,z 0,3,3
(13) n(3,0,3) x5,z (14) n(0,3,3) 1nz2 (15) ¢ x+3,%z2 (16) n(3,3,3) x,x,2
Maximal non-isomorphic subgroups (continued)
IMa [21P4,/nmc(137) 1,2 7; 8 11; 12; 13; 14; (3; 4; 5; 6; 9; 10; 15; 16) + (4,1, 1)
(2] P4 /mnm(136) 15 2; 7 8 9; 10; 15; 16; (3; 4; 5 6; 115 12; 13; 14) + (1,1, 1)
[21P4,/nnm(134)  1;2; 5; 6; 11; 12; 15; 16; (3; 4; 7 8; 9; 10; 13; 14) 4 (£, 1,1)
(2] P4 /mme(131) 15 2: 5, 6, 9; 10; 13; 14; (3; 4; 7; 8; 115 12; 15; 16) + (1,1, 1)
[21P4/nmm (129)  1; 2; 3; 4; 13; 14; 15; 16 (5; 6 7 8;9; 10; 11; 12) 4 (£, 1,1)
2] P4/mnc(128)  1;2; 3; 4; 9; 10; 11; 12; (5; 6; 7; 8; 13; 14; 15; 16) + (1, 1,1)
[2] P4/nnc (126) 1; 2; 3; 4; 5, 6; 7; 8, (9 10; 11; 12; 13; 14; 15; 16) + (3,1, 4)
[21P4/mmm (123) 1; 2; 3; 4; 5; 6; 7; 8, 9; 10; 11; 12; 13; 14; 15; 16
IIb none

Maximal isomorphic subgroups of lowest index

Ilc

[3174/mmm (¢ = 3¢) (139); [9]14/mmm (a’ = 3a,b' = 3b) (139)

Minimal non-isomorphic supergroups

|
1T

Copy

[3] Fm3m (225); [3]1Im3m (229)
[2]1C4/mmm (¢ = ic)(P4/mmm, 123)

right © 2006 International Union of Crystallography 478
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CONTINUED No. 139 [4/mmm

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); ¢(3,3,3); (2); (3); (5); (9)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, L
Site symmetry (0,0,0)+  (3,7,3)+ General:
32 o 1 (1) x,y,z 2) x,9,z 3) y,x,z 4) y, %,z hkl : h+k+1=2n
(5) x,y,2 (6) x,y,2 (7 yx,2 (8) y,%,2 hkO: h+k=2n
9 x5,z (10) x,y,z D y,x,z (12) y,x,z Okl @ k+1=2n
(13) x,y,z (14) %,y,z (15) y,%,z (16) y,x,z hhl : 1 =2n
00/ : I=2n
h00: h=2n
Special: as above, plus
16 n .m. 0,y,z 0,9,z 3,0,z v,0,z no extra conditions
07y72 an_az y7072 )_}7072
16 m ..m X,X,2 X, X,z XX,z X, X%,z no extra conditions
XX,z X, X%,z X,X,Z X,X,Z
16 I m.. x,y,0 x,9,0 ¥,x,0 ¥,%,0 no extra conditions
x7y70 x7y70 y?'x?O )_]7'270
16 k ..2 xX,x+1,3 x+1,1 X+3.x,3 xX+3.%3 hkl © 1 =2n
X’i+%’% x’x+%7% 'er%?'f?% f+%7'x7%
8 j m2m. x,%,0 x,3,0 1,%,0 1,%,0 no extra conditions
8 i m2m. x,0,0 x,0,0 0,x,0 0,x,0 no extra conditions
8 h m.2m x,x,0 X, %0 x,x,0 x,%,0 no extra conditions
8 g 2mm. 0,1,z 1,0,z 0,3,7 1,0,7 hkl : 1 =2n
8 f 2/m ia%?i %a%?% %7%7% %7%7% hkl - k,l:Zn
4 e dmm 0,0,z 0,0,z no extra conditions
4 d 4m2 0,1,1 1,03 hkl : 1 =2n
4 ¢ mmm. 0,3,0 3,0,0 hkl : 1 =2n
2 b 4/mmm 0,0,3 no extra conditions
2 a 4/mmm 0,0,0 no extra conditions
Symmetry of special projections
Along [001] p4mm Along [100] c2mm Along [110] p2mm
a=1l(a—b) b =j(a+b) a=b b=c a=1(—-a+b) b=lc
Origin at 0,0,z Origin at x,0,0 Origin at x,x,0

Maximal non-isomorphic subgroups

I [217142m(121) (1, 2; 5; 6; 11; 12; 15; 16)+
[21714m2(119) (1, 2, 7; 8 11; 12; 13; 14)+
[2]1I4mm (107) (1; 2; 3; 4; 13; 14; 15; 16)+
[211422(97) (1; 2; 3; 4, 5, 6, 7; 8)+
[2174/m11(14/m,87) (1; 2; 3; 4, 9; 10; 11; 12)+
[2172/m2/m1(Immm,71)  (1; 2; 5; 6; 9; 10; 13; 14)+
[2112/m12/m(Fmmm,69) (1; 2; 7; 8; 9; 10; 15; 16)+

(Continued on preceding page)
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[4 / mcm Dﬁ 4/mmm Tetragonal

No. 140 1 4/m 2/C 2/171 Patterson symmetry /4/mmm
e s I
A I A ye o0
\\*/Ir\ ?/lr\ f’ %' T 1 l2' T 1
TR S - \§ ....... |'"">¢—>% +@- -3+ +(D- O
‘%,/E..\ :l/TO\ :l ./"E\\% %"‘ED%_ %_ _®+ | %"’QDL— 1 —®+
NGV i + |3+ :
AR % e  9F
4 : \ 7 B 4 i
%._\é ....... :o ...... b 4"_.% @3- |° -0
1 /TIO Il _/'.E.'\. Il/i\ 1 +€D_ 1_ _]§_®%+
Vo NG N l ole N
P 1’0 N Sl(S) T SIS
G TING % AP AR
I S A I MR S CIT 0" | -0
SN N N 7O %——®+ # O %——GD+
B EN o6 o0
+ %+ + %+
Origin at centre (4/m) at4/mc2 /e
Asymmetricunit 0<x<!; 0<y<} 0<z<! y<i-x
Symmetry operations
For (0,0,0)+ set
(H 1 (2) 2 0,0,z (3) 47 0,0,z 4) 4 0,0,z
(5) 2 0,y1 6) 2 x,0,; (7 2 xx35 ®) 2 x4
9 1 0,0,0 (10) m x,y,0 (11) 4+ 0,0,z; 0,0,0 (12) 4 0,0,z; 0,0,0
(13) ¢ x,0,z (14) ¢ 0,y,z (15) ¢ x,x,z (16) ¢ x,x,z
For (5,1,5)+ set
(1) 1(3,3,3) () 2(0,0,3) 3,3,z (3) 4°(0,0,3) 0,3,z 4) 47(0,0,3) 3,0,z
O 1 353 (10) n(3,5,0) x,y,5 (11) 4 5,0,z 5,0,5 (12) 4 0,3,z 0,5,
(13) a x,3,2 (14) b 1,y.z (15) m x+3,%,z (16) g(3,3,0) x,x,2
Maximal non-isomorphic subgroups (continued)
IIa [2]P4,/nem(138) 1;2;7; 8; 11; 12; 13; 14; (3; 45 5; 6; 9; 10; 15; 16)+ (3,3,3)
[2] P4,/mbc (135) 1; 2,7, 8, 9; 10; 15; 16; (3; 4; 5; 6; 11; 12; 13; 14)+(3,1,3)
[2]1 P4,/nbc (133) 1; 2; 5; 6, 11; 12; 15; 16; (3; 4; 7; 8; 9; 10; 13; 14)+(3,3,3)
[21P4,/mcm(132) 1; 2;5;6;9; 10; 13; 14; (3; 4; 7; 8; 11; 12; 15; 16)+ (3,1,3)
[2]1 P4/ncc(130) 1; 2; 3; 4; 13; 14; 15; 16; (5; 6; 7; 8; 9; 10; 11; 12)+(3,3,3)
[2]1 P4/mbm (127) 1; 2; 3; 4, 9; 10; 11; 12; (5; 6; 7; 8; 13; 14; 15; 16) + (3,1,3)
[2]1 P4/nbm (125) 1;2; 3,4, 5,6, 7; 8 (9; 10; 11; 12; 13; 14; 15; 16)+ (3,1, 4)
[21 P4/mcc(124) 1; 2; 3;4; 5,6; 7, 8, 9; 10; 11; 12; 13; 14; 15; 16
IIb none

Maximal isomorphic subgroups of lowest index
IIc [3]174/mcm (¢ =3¢) (140); [9114/mcm (2’ = 3a,b’ = 3b) (140)

Minimal non-isomorphic supergroups
I [3] Fm3c(226)
11 [2]1C4/mmm (¢ = ic)(P4/mmm, 123)
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CONTINUED

Generators selected

Positions
Multiplicity, Coordinates
Wyckoff letter, O
Site symmetry (0,0,0)+  (3,7,3)+
32 m 1 (1) X, V2 (2) .f,)_},Z (3) }77va
(5) %,y,Z2+ 3 (6) x,9.2+ 3 (D) y,x, 2+ 3
) x5,z (10) x,y,z D yx,z
(13) x, 5,2+ 3 (14) x,y,z+ 3 (15) y.x,z+ 3
16 | ..m X, X+ 13,2 X,X+1,2 X+3,%,2
Xx+3,243 x,X+3,243 x+3,%,2+ 3
16 k m.. x,9,0 x,9,0 ¥,x,0 v,%,0
f7y7% x?)_]7% y’x ; }_}7‘f’;
16 .] 2. x70>zlt 2707% O,X,% Oa)@%
f707i X,O,% Oafvi O,X,?T
16 i ..2 X, X, 1 XX, 1 XX, 3 X, %, 1
i?'f? % x?'x’ % x’f’ % X’x7 ?_1
8 h m.2m x,x+1.0 x,x+13,0 X+1,x0
8 2'mm 0’%7Z %707Z 07%7Z+% ;707Z+%
8 f 4 0,0,z 0,0,z+ 3 0,0,z 0,0,z+ 3
8 e ..2/m IEN hihi Hid i
4 d m.mm 0,1,0 £,0,0
4 ¢ 4/m.. 0,0,0 0,0,
4 b 42m 0,73 1,03
4 a 422 0,0, 0,0,32

Symmetry of special projections

No. 140

(1); #(1,0,0); £(0,1,0); £(0,0,1); £(3,3,3); (2); (3); (5); (9)

[4/mcm

Reflection conditions

General:
8) y,%5,7+1 hkO: h+k=2n
(12) 7,x,z Okl : k,l=2n
16) y,x,z+ 1 hhl : 1 =2n
(o ’ 00l : 1=2n
h00: h=2n

Special: as above, plus

no extra conditions

no extra conditions

hkl : 1 =2n

hkl : 1 =2n

no extra conditions
hkl : 1=2n

hkl : 1=2n

hkl : k,l=2n
hkl : 1=2n

hkl : 1=2n

hkl : 1=2n

hkl : 1=2n

Along [001] p4mm
a =1i(a—b)
Origin at 0,0,z

b =j(a+b)

Along [100] p2mm
a=;b b = jc
Origin at x,0,0

Along [110] p2mm
a =i(—a+b)
Origin at x,x,0

1
bI—EC

Maximal non-isomorphic subgroups

I [21742m (121)
[21714¢2(120)
[2]114cm (108)
[217422(97)
[2174/m11(14/m,87)
[2112/m2/c1 (Ibam, 72)
[2112/m12/m (F mmm, 69)

(Continued on preceding page)

; 115 125 15; 16)+
; 11, 125 135 14)+
; 135 145 15; 16)+
;55 6; 7; 8)+

; 9; 10; 11; 12)+
; 9; 10; 13; 14)+
; 9; 10; 15; 16)+

NN NN N
AN A A
e NN o
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19
i 41 / amd D4h 4/mmm Tetragonal
No. 141 I 41/61 2/m 2/d Patterson symmetry /4/mmm
ORIGIN CHOICE 1
ifz2 r 3 111 3 111 3 1
RN 2NV 2N 06, 100 L L 00
+ + g i= + +
RN N % B P%
? ¥ "’ !l\\ 1 /', I.].\\ \_'? @ O 1 O 1 @ O
14 %,_/' !8 .\':g". !8 '\‘% \3 * _@O_ + Z_%QQ%_}_ * _(DO_ *
4 \
%<—o\—..\_.\§\._._’o\—\._.,§/._;-lo—>§ %+ %+ %_ %_ %+ %+
Iw L N T Al 3_ 31 1,3 3_
‘11 \% \'\i%,-’ ‘\i%,-’ %/ ‘11 4®®OO4 2bo® 2 4®® 0?
§‘;<‘> i ® N <l>\—'§ ReREONNO 0 3
R BN A N IR i,0(0; 717,00, 2*+,0|0; &
%*—0:*--&---:0:----%----\0—’% 4 4 2 2 4 4
IN AT AN P T -~ y2 ‘O v 1%’“@0%*1 —O@_
£y . 1 . 138 . - 1_ “——
A SN S AN S S [ooclion eMilex o)
g —3
FAR 7\ PR o, .0
Z2UN A IN N +®@oo+%—lo®1%—+@o+
13 111 3 111 3 1 - - 3t ras - -
4 8 4 8 1 8 4 8 4 8 4
Origin at 4m?2, at 0, 1, —§ from centre (2/m)
Asymmetric unit 0<x<i 0<y<!i; 0<z<4
Symmetry operations
For (0,0,0)+ set
(1) 1 (2) 2(0707% %a%?z (3) 4+ ana%) _417’%7Z (4) 47(0707%) 417_%?Z
5) 2 Ly 6) 2 x,1,% (7) 2(3,3,0) x,x,3 @ 2 xx0
@ 1 04,5 (10) a x,y,3 (11) 4° 0,0,z; 0,0,0 (12) 4 0,3,z 0,3,5
(13) n(3,0,3) x,1,2 (14) m 0,y,z (15) d(5,—1,3) x+1,%z2 (16) d(3,1,1) x—1,xz2
For (4,3, 1)+ set
(D 1(3,3,3) (2)2 0,0,z (3) 47(0,0,3) 1,12 4) 47(0,0,4) 1tz
(5) 2’(03%30) Ovyvé (6) 2(%7070) X,O,g (7)2' X,X,O (8)% X,)E+%,%
9 1 10,2 10) b x,y,% (11) 4* 1,0,z; 1,0,% (12) 4~ 0,0,z; 0,0,0
(13) m x,0,z (14) n(0,3,%) §»z (15) d(—4,5,1) x+5§,%z2 (16) d(1,1,7) x+1,x2
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CONTINUED

Generators selected

No. 141

(1); #(1,0,0); £(0,1,0); £(0,0,1); £(3,3,3); (2); (3); (5); (9)

14,/amd

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, L
Site symmetry (0,0,0)+  (3,7,3)+ General:
32 @i 1 (Dxyz Q) x+35,5+52+; B Jx+s3,2+; 4) y+3,%2+3 hkl © h+k+1=2n
(5) ¥+ 35,5.2+3 (6) x,5+ 5,243 D y+sx+:2+: B FE2Z hkO: h,k=2n
O £F+52+5 A0 x+iyz+d (D Lz (1) y+3x+3,z2+3 Ok k+1=2n
(I3 x+47+ 5243 (9 Fyz (I5)5+5%z+1  (16) yx+iz4} pit bl =an
cl=4n
h00: h=2n
hhQ: h=2n
Special: as above, plus
16 h .m 0,y,z 5.9+ 3,2+3 V,5,2+1 y+13,0,z+3 no extra conditions
%7y’z_+% 0’.)_)+%7Z+% y+%7%72+% )_]7072
16 g ..2 x,x,0 X+3,5+1,1 Xx+1,1 X+ 1,%,3 hkl - 1 =2n+1
X451 X435 x,%,0 THix+1s or 2h+1=4n
6 f .2. X35 ST X+ 5% e hkl = 1=2n+1
X 30 X+ 35,3 kg X+ 1,3 or h=2n
8 e 2mm 0,0,z 0,3,z+1 1,0,742 5.3,2+3 hkl : 1=2n+1
or 2h+1=4n
8 d 2/m Oaiag %a%?% %7%a% %707% hkl l:2n+1
or hyk=2n, h+k+1=4n
8 c 2/m' 07%7% %7%7% %7%’% %707%
4 b 4m2 0,0,% 0,5,3 hkl : 1 =2n+1
- or 2h+1=4n
4 a 4m?2 0,0,0 0,1,1
Symmetry of special projections
Along [001] p4mm Along [100] c2mm Along [110] c2mm
a’:%a b’:%b aI:b bI:C aI:%(—a—f—b) b’:%c
Origin at 0,0,z Origin at x,0, 3 Origin at x, x,0

Maximal non-isomorphic subgroups

I [21142d (122) (1; 25 ; 11; 125 155 16)+

5,6
[2174m2(119) (1, 2, 7; 8 115 12; 13; 14)+
[2]114,md (109) (1; 2; 3; 4; 13; 14; 15; 16)+
[2]1714,22(98) (1; 2; 3; 4, 5, 6, 7; 8)+
[2]114,/all(4,/a,88) (1; 2; 3; 4, 9; 10; 11; 12)+
[2112/a2/m1 (Imma,74) (1; 2; 5; 6; 9; 10; 13; 14)+
[2112/al2/d(Fddd,70) (1; 2; 7; 8; 9; 10; 15; 16)+
IIa none
IIb none

Maximal isomorphic subgroups of lowest index
Ilc [3]74,/amd (¢ =3c¢)(141); [9114,/amd (a' = 3a,b’

3b) (141)

Minimal non-isomorphic supergroups
I [3]1 Fd3m (227)
Il  [21C4,/amd (¢ = ic) (P4, /nnm, 134)

483
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i 41 / amd D4h 4/mmm Tetragonal
No. 141 I 41/61 2/171 2/d Patterson symmetry /4/mmm

ORIGIN CHOICE 2

oyl W ook ook
- + + - - +
AN B N o %9 PN e
[N N 1 @) O
IR AN PSTVe - 062 | Sody |-
1 A SN 7 e 4 1 4~ 4 g 3t
§‘}’.§ "?°~'."'§"',7°~'.;' ’Q’{’ : N M
3,010 T A P BN 11 1|1 L1
S‘ié’_/ <‘§ \'\(I)," Qg \.\és_-:S Oz+ ZOO ®®2 2b® OOZ+ 7 O
3 1!\'\ /"!\'\ "’!1 3 @1 1@ 1 |O @1 1@
A NN NN i § ¥ 225,00, 77,00, 7
N NE N 5% : 3 3 12 1
R S s S dug N T
I RN RN E R SIoleiy ISteloMN
SN Ay S VA S ONNO) OMNONNO;
7\ s o 0.0 . 0O O
AT A0 L S0 RO ¢
38183 38183 b i it it
8 4 8 8 4 8
Origin at centre (2/m) at b(2/m,2,/n)d, at 0, —%, & from 4m?2
Asymmetric unit 0<x<i; —i1<y<i 0<z<;i
Symmetry operations
For (0,0,0)+ set
(1)1 (2) 2(0,0,5) 3,0,z (3) 47(0,0,3) —3.3.2 4) 47(0,0,7) 31,0,z
5) 2 iLys 6 2 x,0,0 (7 2(3,5,0) x,x+5,5 ®) 2 x,X+1,3
(9) 1 OaOaO (10) a -xay’% (]1) 4+ %7_41_1?Z; %7_4177% (12) 4- 07%7Z; O,%’%
(13) n(3,0,5) x,0,z (14) m 0,y,z (15) d(3,—3,3) x+35,%z2 (16) d(3,3,3) xxz
For (4,1, 1)+ set
(1) 1(3,3,3) (2) 2 0,32 (3) 4'(0,0,3) 1,52 4) 47(0,0,5) 3,0,z
(5) 2’(03%30) 07)770 (6) 2(%3030) xv%a% (7) g(%aéﬂ ) X,X*%,% (8)% x7f+%7é
O 1 3,33 (10) b x,y,0 (A1) 4" 5,5,2 555 (12) 4~ 0,3,z 0,3,3
(13) m x,3,2 (14) n(0,3,3) 3.3z (15) d(=1,5,5) x+35,%z (16) d(3,3,3) xx.z2

484



CONTINUED No. 141 14,/amd

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); ¢(3,3,3); (2); (3); (5); (9)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, L
Site symmetry (0,0,0)+  (3,7,3)+ General:
32 @i 1 (Dxyz ) x+35,5z2+35 Q) y+ix+iz+i @y+iF+5,2+7  hkl: h+k+1=2n
G) F+3,32+:  (O)x5,Z Dy+ix+ii+s @) F+i5+5,2+5 kO hk=2n
) %.5,2 A0 x+5yz+1 (ADy+3E+52+5F (D F+ix+i2+; Ok k+l=2n
(13) x+4,7,2+1 (14 %,y.z (15) 5+ 3,8+ Lz+3  (16) y+3x+3,z+1 '5'55 12h21=4n
:l=4n
h00: h=2n
hhQ: h=12n
Special: as above, plus
16 h .m. 0,y,2 1y,z2+4 y+i,3z+1 y+i,5,2+3 no extra conditions
%?yﬁz_+% 0,}7,2 y+%a%72+% )74»%7%724»%
16 g ..2 XX+ 1,32 X+3,5+3,3 x+3,: x+3ix+4,3 hkl : 1=2n+1
£E+LE xtbathi xFHLD Bbatli or 2h-+1=4n
16 f .2. x,0,0 x+3,0,3 Lx+3s 1x+42 hkl : 1=2n+1
x,0,0 x+3,0,3 HEE R or h=2n
8 e 2mm. 0,7,z 0,3,z2+3 51,2t 552t+3 hkl - 1 =2n+1
or 2h+1=4n
8 d 2/m ana% ;7070 %7%,% %7%7% hkl N l:2n+l
or hyk=2n, h+k+1=4n
8 C 2/m 0’0’0 %aoa% %7%a% %7%7%
4 b 4m2 0,4,2 0,2, hkl : 1=2n+1
- or 2h+1=4n
4 a 4m2 0,33 31303
Symmetry of special projections
Along [001] p4mm Along [100] c2mm Along [110] c2mm
a=3ja b=ib a=b b=c a=ji(—a+b) b’ = ic
Origin at 3,0,z Origin at x, 1, 1 Origin at x,x+ 1, 3

Maximal non-isomorphic subgroups

I [21142d (122) (1; 2; 5; 6; 11; 125 15; 16)+
[2174m2(119) (1, 2, 7; 8 115 12; 13; 14)+
[2]114,md (109) (1; 2; 3; 4; 13; 14; 15; 16)+
[2]1714,22(98) (1; 2; 3; 4, 5, 6, 7; 8)+
[2114,/al1(I14,/a, 88) (1; 2; 3; 4, 9; 10; 11; 12)+
[2112/a2/m1 (Imma,74)  (1; 2; 5; 6; 9; 10; 13; 14)+
[2112/al2/d(Fddd,70) (1; 2; 7; 8; 9; 10; 15; 16)+

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
Ic [3]74,/amd (¢ =3c¢)(141); [9]14, /amd (a' =3a,b' = 3b) (141)

Minimal non-isomorphic supergroups
I [3]1 Fd3m (227)
Il  [21C4,/amd (¢ = ic) (P4, /nnm, 134)
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20
i 41 / acd D4h 4/mmm Tetragonal
No. 142 I 41/61 2/C 2/d Patterson symmetry /4/mmm

ORIGIN CHOICE 1

%l%%\%j%%\%/u%\%j N A
+ i1 34 Ly
b s N 5B P!
s SIS NN O ,010, 0
VA WP AN D E NG OO 7,00, 1 OO0
1._0'___\§___\5'___ S S A B
? RN 1 A | %* %* - %' %+ %+
AN A I PR td %-Q@OO%- ]TOO@ + %-Q@OO%-
Ja Pl 3P — 3
SO AN IN] 1O O;. OOy, 1O -0
BT NEB L g N 4%+O®!z+4 %_@O_ 2 "gp@%;‘_
NI P SN A bl 1 it el
T NP TR T I 2 Ol L1003 200!
4 H Iz ¥ [ N F : + + + +
AN B T ole" g0 oo
7\ PaRY 7\ O ® O
SN SN SN OO H OO oo
1 1 131 1 131 1 1 - 3" it s - 5=
4 8 4 8 4 8 4 8 4 8 4
Origin at 4c2, at 0,4, —1 from 1
Asymmetricunit 0<x<i; 0<y<}i; 0<z<j
Symmetry operations
For (0,0,0)+ set
(1) 1 (2) 2( 1) 7%) %a%?z (3) 4 ( 9 %) 4a47Z (4) 47(0707%) 417_%?Z
5) 2 iys 6) 2 x ',% (7) 2(s, % 0) x,x,0 ®) 2 x,% 5
O 1 0,5,5 (10) a x,y,3 (11) 47 0,0,z; 0,0,0 (12) 4 0,3,z 0,3,5
(13) a x,iz (14) ¢ 0,3,z (15) d(5,—1,}) x+1%z (16) d(5,5,3) x—1i,%2
For (3,3,3)+ set
(1) 2(3,3,3) ()2 0,0,z (3) 47(0,0,3) 1,1,z 4) 47(0,0,4) 1tz
(5) 2(0,3,0) 0,33 (6) 2(5,0,0) x,0,5 (M 2 xx,5 ®) 2 x,%+3,0
O 1 4,0,3 (10) b x,y,5 (11 4 5,0,z 5,0, (12) 4° 0,0,z; 0,0,0
(13) ¢ x,0,z (14) b §yz (15) d(—5,1,3) x+5,%z2 (16) d(5,5,5) x+4i,%2
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CONTINUED

Generators selected (1);

Positions
Multiplicity,

Wyckoff letter,

Site symmetry

32 g 1

16 f ..2
16 e .2.
16 d 2..
16 ¢ 1

8 b 2.22
8 a 4..

(D x,y,z

() X+3.5,2+3
9) X, y+3.243
(13) x+3,5+13,2

1(1,0,0);

No. 142

t(0,1,0); £(0,0,1); #(5,3,5); (2); (3); (5); (9)

Coordinates

(0’0’0)+ (%7%’%)+

4) y+3,%2z+3

(8) y,%,72+3
(12) 5+ 3,x+ 3,2+
(16) y,x+3,2+3

) ¥, x+3,2+7
M y+ix+i,z
(11) y,%,Z

(15) y+5,%,z+ 3

2)x+3,y+45,2+3
6) x,y+5,7+73
(10)x+%,y, +3
(14) x,y,z+ 1

S 1 =13 = 11 1 =
x+§>x+571 xax+§a§ x+§>-x70
1 1 =3 S 1 11
x+57xa5 Xy X5 3 X+5,X+5,Z
1 5,15 S 3 3 13 7
»HYt1,8 Virk Yt+iis
3 5 307 S 1 3 3
DHYE Yrirs V+i3,5%
1 1 1 PR 11 5
0757Z+Z EaOaZ+Z 27252
= 11 1 1
070>Z 77258 EaOvZ+Z
115 3013 3 7 111 15 3017 3 3
29378 37298 Z>O7§ 27398 07Z>§ 37298 Zvoag
11 1 3
Oaiaz 0a§70 OaOaZ
11 1 1 11
0a5>Z EaOaZ 5a570

Symmetry of special projections
Along [001] p4dmm

a=ja b =

Origin at 0,0,z

;b

Along [100] p2mm
a=1b b =ic
Origin at x,0,

a'=;j(—-a+b)
Origin at x, x,0

Maximal non-isomorphic subgroups

IIa

| [2]1412d(122) ( ;0 5; 6; 115 12; 15; 16)+
[2]14¢2 (120) (1; 2 7; 8 11; 123 13; 14)+
[2114,cd (110) (1; 2; 3; 4 13; 14; 15; 16)+
[2]114,22(98) (1; 2; 3; 4, 5, 6, 7; 8)+
[2114,/al1(I4,/a, 88) (1; 2 3; 4; 9 10; 11; 12)+
[2112/a2/c1(Ibca,73) (1; 2; 5; 6; 9; 10; 13; 14)+
[2112/a12/d (Fddd,70) (1; 2; 7; 8; 9; 10; 15; 16)+
none
none

ITb

Maximal isomorphic subgroups of lowest index
[3174,/acd (¢ =3¢)(142); [9]14,/acd (a' =3a,b’ = 3b) (142)

Ilc

Minimal non-isomorphic supergroups
[31 Fd3c (228); [3]11a3d (230)
[21C4,/amd (¢ = i¢) (P4,/nnm, 134)

I
1T

487

14,/acd

Reflection conditions

General:

hkl :
hkO :
Okl
hhl :
00! :
h00 :
hho

h+k+1=2n
h,k=2n
k,l=2n
2h+1=4n
l=4n
h=2n
h=2n

Special: as above, plus

hkl :
or

hkl :
or

hkl -

hkl :
hkl :
hkl :

Along [110] ¢2mm

b/

l=2n+1
2h+1=4n

[=2n+1
h=2n

2h+1=4n

hk=2n, h+k+1=4n
2h+1=4n

2h+1=4n



20
i 41 / acd D4h 4/mmm Tetragonal
No. 142 I 41/61 2/C 2/d Patterson symmetry /4/mmm
ORIGIN CHOICE 2
1 13 3103 31
! 48\%}%}}8\%&}4 ‘%_@O%— 1%b®%+ 1
- 3+ + 5= - 5+
1‘_2 ..... \Q{ ..... Gerene \@/ ..... l_,l O 070 000 O
4 T N Ny R 4 O O [©) o O O
A NN AN I W I AR P2 U A U I f0 A
8\ L ST N, 4 |/84 8 2 1O®32 3@012
S AR R o ol A
B I NN P N N Hielowl Iiolely
75 I D - 3t - - L4l -
A S BN S O 0" ©” 0" 0O
; 1:\'\ : "II\'\ /','1_’; @ 1@ O 1O @ 1@
ﬁ\{u \_\é&// i N :f/ﬁ 100, 500, |F
_——me e Dy — D LA 4 4 4 ra
;;1;?\ l"?\'\ ,? AN \?{’3 i~ ~i | 4 ;"
§F g T B g i 1\3 -4 1 -1
O A W A e S o 'PD 'P% e
PR 7\ O. OO, 0. O O
VAN AN nslore ol Bt
i3 i 43 i 4 4 4 4 4
Origin at 1 at b (c,a)d, at 0, — 1, from 4
Asymmetric unit 0<x<i; —i1<y<i 0<z<;i
Symmetry operations
For (0,0,0)+ set
(1)1 (2) 2(0,0,3) 3,0,z (3) 4(0,0,3) —1,3,2 4) 47(0,0,3) 1,0,z
5) 2 1,50 6) 2 x,0,3 (7) 2(5,5,0) x,x+71,3 ®) 2 x,x+1i,5
(9) 1 OaOaO (10) a -xayazl_t (11) 4+ %7_41_1?Z; %7_4177% (12) 4- 07%7Z; O,%’%
(13) a x,0,z (14) ¢ 0,y,z (15) d(3,—13,1) x+3,%2 (16) d(3,3,3) xx,z2
For (5,4, )+ set
(D) 2(3,4,3) )2 0,32 (3) 47(0,0,3) 1,3,z 4) 47(0,0,3) 3,0,z
(5) 2(0,3,0) 0,1 (6) 2(3,0,0) x,5,0 (7) 2(3,3,0) x,x—1i,5 ®) 2 xx+14,3
O 1 3,33 (10) b x,y,0 (1) 4" 3,3,% 5,153 (12) 4 0,5,z 0,1,3
(13) ¢ x,3,2 (14) b 1,3z (15) d(—4,1,3) x+35,%2 (16) d(3,3,3) xx,2
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CONTINUED

4

(8
(12
(16

s

No. 142

)y+ X+ 5,243
)V + 5 E+ 5,2+
BRSEEENEE
Yy+ix+i,z+3

N
N
-
N
N

14,/acd

Reflection conditions

General:

Wkl © h+k+1=2n
hkO: h,k=2n

Okl : k,0=2n
hhl : 2h+1=4n
00/ : | =4n

h00: h=2n

hRO: h=2n

Special: as above, plus

Along [110] ¢2mm

a'=;j(—-a+b)

Origin at x,x+ 1, 3

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); ¢(3,3,3); (2); (3); (5); (9)
Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry (0,0,0)+  (3,7,3)+
32 g 1 (D) x,y,z () x+15.5,2+3 B)y+ix+iz+;
(5) ¥+ 1,52 (6) x,5,Z+ 3 N y+1x+1,2+3
) x,3,2 A0 x+3,3,2+3:  AD)y+§,%¥+5,2+3
(13) x+3,5,z  (14) X,y,2+3 (A5) y+ 3.8+ 3,2+
16 f ..2 x,x+3,5  X+tnX+3i Lx+ii x+tiE+a
BE+53 x+bathio wEeLE o Ebaddd
16 e .2. x,0, 1 x+3,0,2 L+ 5HLx+3,0
2707% ‘x+%?0341_1 %7‘f+4]_17% %’x—i_%?O
16 d 2 . O,J‘HZ 0,%,Z+% %,J‘;,Z_ %,%,Z_‘i’%
0,2 0,3,Z+3 3,52 1,52t3
16 ¢ 1 0,00 30,5 3z 5ini 100 00,3
8 b 2.22 0,5,z 033 0,55 0,53
8 a Z‘- OZ% 07%7% %a%7% %7%7%
Symmetry of special projections
Along [001] p4dmm Along [100] p2mm
a'=;a b’ = b a=;b b =3¢
Origin at ;,0,z Origin at x,0,0
Maximal non-isomorphic subgroups
I [21742d (122) (1; 2, 5; 6; 11; 12; 15; 16)+
[2114¢2 (120) (1; 2 7; 8, 11; 12; 13; 14)+
[2114,cd (110) (1; 2; 3; 4; 13; 14; 15; 16)+
[2]114,22(98) (1; 2; 3; 4, 5, 6, 7; 8)+
[2114,/al1(I4,/a,88) (1; 2; 3; 4; 9; 10; 11; 12)+
[2112/a2/c1(Ibca,73) (1; 2; 5; 6; 9; 10; 13; 14)+
[2112/al12/d (Fddd,70) (1; 2; 7; 8; 9; 10; 15; 16)+
IIa none
IIb none
Maximal isomorphic subgroups of lowest index
Ilc  [3]174,/acd (¢ =3c)(142); [9]14, /acd (a' = 3a,b' = 3b) (142)

Minimal non-isomorphic supergroups

I
1T

[3]1 Fd3c (228); [3]1a3d (230)
[21C4,/amd (¢ = i¢) (P4,/nnm, 134)
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hkl : 1=2n+1
or 2h+1=4n
hkl : 1=2n+1
or h=2n
hkl : 2h+1=4n
hkl © hk=2n, h+k+1=4n
hkl © 2h+1=4n
hkl © 2h+1=4n
b = ic



International Tables for Crystallography (2006). Vol. A, Space group 143, pp. 490—491.

P3 C ; 3 Trigonal

NO. 143 P 3 Patterson symmetry P3
+ +
O O
+ +
A A @) O
A O (@)
+ +
A + +
O @)
+ +
A A @) O
O O
+ +
Origin on 3
Asymmetric unit 0<x<3 0<y<i 0<z<Il; x<(1+4y)/2; y<min(l—x,(1+x)/2)
Vertices 0,0,0 1,0,0 310 1,30 0,30
0,0,1 30,1 351 5351 0,351

Symmetry operations

1)1 (2) 3 0,0,z (3) 37 0,0,z
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CONTINUED No. 143 P3

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2)

Positions

Multiplicity, Coordinates Reflection conditions
Wyckoff letter,

Site symmetry General:

3 d 1 1) x,y,z 2) y,x—y,z 3) x+y,%,z no conditions

Special: no extra conditions

1 ¢ 3.. 21,2

1 b 3.. 13z

1 a 3.. 0,0,z

Symmetry of special projections

Along [001] p3 Along [100] p1 Along [210] p1
a=a b =b a’' = ;(a+2b) b =c a=1b b =c¢
Origin at 0,0,z Origin at x,0,0 Origin at x, 3x,0

Maximal non-isomorphic subgroups

I [B1P1(1) 1

IIa  none

IIb  [3]P3,(c' =3¢)(145); [3]1 P3, (¢ =3¢) (144); [3]1R3 (a’=a—b,b'=a+2b,c¢ = 3¢) (146);
[31R3(a’=2a-+b,b'=—a+b,¢ =3c)(146)

Maximal isomorphic subgroups of lowest index
IIc  [2]1P3 (¢’ =2¢)(143); [31H3 (a’=3a,b’ = 3b) (P3, 143)

Minimal non-isomorphic supergroups

I [2]1 P3 (147); [2] P312(149); [21P321 (150); [2] P3m1 (156); [2] P31m (157); [2] P31 (158); [2] P31c (159); [2]1 P6 (168);
[2]1P6, (173); [21 P6(174)

II [31R3 (obverse) (146); [3] R3 (reverse) (146)
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International Tables for Crystallography (2006). Vol. A, Space group 144, p. 492.

P3 C;
1 3
No. 144 P3,
A A
A
A
A- A
Origin on 3,
Asymmetric unit 0<x<1; 0<y<l; 0<z< 4
Vertices 0,0,0 1,0,0 1,1,0 0,1,0
0707% ]707% ]7 7% 07]7%

Symmetry operations
(H 1

Generators selected

(2) 37(0,0,5) 0,0,z
(1); £(1,0,0); £(0,1,0); £(0,0,1); (2)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

3 a |1 (1) x,y,2 (2) ¥, x—y,z+5 (3) x+y

Symmetry of special projections
Along [001] p3

a=a b'=b

Origin at 0,0,z

Along [100] p 1
a’ = j(a+2b)
Origin at x,0,0

b/i

Maximal non-isomorphic subgroups

I [BPI() 1
IIa none
IIb none

Maximal isomorphic subgroups of lowest index
IIc  [2]P3,(c =2¢)(145); [3]1H3, (a' =3a,b' =3b) (P3,, 144)

Minimal non-isomorphic supergroups
I
11

1

3

[3]1 R3 (obverse) (146); [3] R3 (reverse) (146); [3] P3 (¢

Copyright © 2006 International Union of Crystallography

Trigonal

Patterson symmetry P3

(3) 3(0,0,3) 0,0,z

b
O @
+ +
Reflection conditions
General:
X243 000/ : I=3n

Along [210] p 1
a=1b b =c
Origin at x, 3x,0

c

s [71P3, (¢ =T¢) (144)

[2] P3,12(151); [2] P3,21 (152); [2] P6, (169); [2] P6, (172)

c) (143)
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International Tables for Crystallography (2006). Vol. A, Space group 145, p. 493.

Trigonal 3 C; P 32

Patterson symmetry P3 P 32 NO. 145

A O%+
A 1+ o
O O
+ +
Origin on 3,
Asymmetric unit 0<x<1; 0<y<l1, 0<z<!
Vertices 0,0,0 1,0,0 1,1,0 0,1,0
0707% ]707% ]7 7% 07]7%
Symmetry operations
1 (2) 37(0,0,3) 0,0,z (3) 37(0,0,5) 0,0,z
Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
3 a 1 (D) x,y,z ) y,x—y,z+}% Q) x+y,%,z+1 000! : I=3n
Symmetry of special projections
Along [001] p3 Along [100] p1 Along [210] p1
a=a b=b a’ = j(a+2b) b =c a=1ib b=c
Origin at 0,0,z Origin at x,0,0 Origin at x, 1x,0

Maximal non-isomorphic subgroups
I [31P1(1) 1

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [2]P3,(c =2¢)(144); [3]1H3, (a' =3a,b’ = 3b) (P3,, 145); [7]1 P3, (¢’ = Tc) (145)

Minimal non-isomorphic supergroups
I [21 P3,12(153); [2]1 P3,21 (154); [2]1 P6, (170); [2] P6, (171)
II [3]1 R3 (obverse) (146); [3] R3 (reverse) (146); [3] P3 (¢' = ic) (143)
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International Tables for Crystallography (2006). Vol. A, Space group 146, pp. 494-497.

4 :
R3 C3 3 Trigonal
NO. 146 R 3 Patterson symmetry R3
HEXAGONAL AXES
i+
O
O3+
i+ i+
e o 0
A Oi+ 2+ O+
+ +
O O
A— A %"' O+ %+ O+
2+ 2+
/ \‘ / o 6 %0
A O3+/ + O+ / +
X / i+
O O
3+ Of+ 3+
+ +
/ O O
+ ¥ +
®) ®)
+ +
Origin on 3
Asymmetricunit 0<x<?; 0<y<2 0<z<}y (1+y)/2; y<min(l —x,(1+x)/2)
Vertices 0,0,0 50,0 330 3530 0,50
0,0, 50,5 %53 555 0,53
Symmetry operations
For (0,0,0)+ set
(H 1 (2) 3* 0,0,z (3) 37 0,0,z
For (3,1, 4)+ set
(D #(3,5,%) (2) 37(0,0,5) 1,52 (3) 37(0,0,5) 3,0,z
For (5,3, 7)+ set

ORIER ) (2) 3°(0,0,3) 0,5,z

Copyright © 2006 International Union of Crystallography

(3) 37(0,0,3) s,

1
3,2
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CONTINUED

Generators selected (1); ¢(1,0,0); ¢(0,1,0); #(0,0,1); #(3,
Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry (0a0a0)+ (%a%?%)+ (%7%a§)+

9 b 1 (1) X, Y52 (2) )_]7x_y7z (3))?“‘)”)32
3 a 3. 0,0,z

Symmetry of special projections

Along [001] p3 Along [100] p 1
a=;(2a+b) b =j(-a+b) a'=;(a+2b)
Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups
I [31R1(P1,1) 1+

IMa [3]P3,(145) 1; 2+ (4,
[31P3,(144)  1; 2+ (2,
[31P3(143) 1, 2; 3

IIb none

Maximal isomorphic subgroups of lowest index

No. 146

b’ =4i(—a—2b+c)

IIc [2]R3(a'= —a,b' = —b,¢ =2¢) (146); [4] R3 (a’ = —2a,b’ = —2b) (146)

Minimal non-isomorphic supergroups

R3

Reflection conditions

General:

hkil : —h+k+1=3n
hkiO = —h+k=3n
hh2hl: 1 =3n

hhOL = h+1=3n
000/ : [ =3n

hhOO : = 3n

Special: no extra conditions

Along [210] p1
a=;b b = ;¢
Origin at x, 3x,0

I [2] R3 (148); [2] R32 (155); [2] R3m (160); [21 R3¢ (161); [4] P23 (195); [4] F 23 (196); [4]1123 (197); [4] P2, 3 (198);

[4112,3(199)
Il [3]P3(a=!(2a+b),b =L(—a+b),c="lc)(143)
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R3 C, 3
No. 146 R3

RHOMBOHEDRAL AXES

2
7
X

Trigonal

Patterson symmetry R3

+O

Heights refer to hexagonal axes

Origin on 3

Asymmetric unit 0<x<1; 0<y<l; 0<z<I1; z<min(x,y)
Vertices  0,0,0 1,0,0 1,1,0 0,1,0 1,1,1

Symmetry operations

(H 1 ) 3* x,x,x 3) 37 x,x,x
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CONTINUED No. 146 R3

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); (2)

Positions

Multiplicity, Coordinates Reflection conditions
Wyckoff letter,

Site symmetry General:

3 b 1 (1) x,y,z (2) z,x,y (3) y,z,x no conditions

Special: no extra conditions

1 a 3. X,X,X

Symmetry of special projections

Along [111] p3 Along [110] p1 Along [211] p1
a=4i2a-b—c) b=i(-a+2b—c) a=3a+b—-2) b=c a=j3b-c) b=3(+tb+c)
Origin at x,x,x Origin at x,x,0 Origin at 2x, %, %

Maximal non-isomorphic subgroups

I [BIR1(P1,1) 1

IIa none

IIb [3]P3,(@=a—bb=b—c,c=a+b+c)(145);[3]P3,(@ =a—b,b'=b—c,c =a+b+c)(144);
[3]P3(@=a—b,b=b—c,d=a+b+c)(143)

Maximal isomorphic subgroups of lowest index
IIc [2]R3(@ =b+c¢,b=a+c,c=a+b)(146);[4]R3(a=—-a+b+ec,b=a—b+c,¢=a+b—c)(146)

Minimal non-isomorphic supergroups

I [2] R3 (148); [21 R32 (155); [21 R3m (160); [2] R3¢ (161); [4] P23 (195); [4] F 23 (196); [4]1123 (197); [4] P2,3 (198);
[4]112,3(199)

11 [3]P3(a=3(2a—b—c),b=3(—a+2b—c),c=i(a+b+c))(143)

497



International Tables for Crystallography (2006). Vol. A, Space group 147, pp. 498-499.

P3 C;l 3 Trigonal

NO. 147 P 3 Patterson symmetry P3

Origin at centre (3)

Asymmetricunit 0<x<% 0<y<3 0<z<%} x<(14y)/2; y<min(l1—=x,(1+x)/2)
Vertices 0,0,0 3,0,0 3350 1,30 0,10
0,0,5 30,5 5535 5535 0,55
Symmetry operations
(11 (2) 3 0,0,z (3) 30,0,z
@ 1 0,00 (5) 3* 0,0,z; 0,0,0 6) 3 0,0,z; 0,0,0
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CONTINUED No. 147 P3

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
6 g 1 D) x,y,z Q) y,x—yz (3) x+y,%,z no conditions

(4) fay7z (5) yvaFy’Z (6)x7y7-x72

Special: no extra conditions

3fF 1 3,05 0,5,3 33,3
3 e 1 3,0,0 0,5,0 3,1,0
2 d 3 % ) % ) Z % ) % ) Z_
2 ¢ 3 0,0,z 0,0,z
1 b 3.. 0,0,3
1 a 3.. 0,0,0

Symmetry of special projections

Along [001] p6 Along [100] p2 Along [210] p2
a=a b’ =b a’' = i(a+2b) b =c a=1ib b =c
Origin at 0,0,z Origin at x,0,0 Origin at x, 3x,0

Maximal non-isomorphic subgroups
I [21P3(143) 1; 2; 3
[31P1(2) 1; 4
IIa none
IIb [3]R3(a’=a—b,b'=a+2b,¢ =3c)(148); [3]R3(a' =2a+b,b'=—a+b,¢ = 3c) (148)

Maximal isomorphic subgroups of lowest index
IIc  [2]1P3(c' =2c¢)(147); [31 H3 (a’' = 3a,b' = 3b) (P3, 147)

Minimal non-isomorphic supergroups
I [21 P31m (162); [2]1 P31c (163); [21 P3m1 (164); [2]1 P3c1 (165); [2] P6/m (175); [2] P6,/m (176)
I [3]1R3 (obverse) (148); [3]1 R3 (reverse) (148)
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International Tables for Crystallography (2006). Vol. A, Space group 148, pp. 500-503.

—_ > _
R3 C 3 3 Trigonal
NO. 148 R 3 Patterson symmetry R3

HEXAGONAL AXES

Do

Origin at centre (3)

Asymmetricunit 0<x<?% 0<y<3 0<z<% x<(14y)/2; y<min(l—=x,(1+x)/2)

Vertices 0,0,0 1,0,0 3:0 1,20 0,10

0,0,5 30,5 555 555 0,55

Symmetry operations
For (0,0,0)+ set
1 (2) 37 0,0,z (3) 370,02
4 1 0,0,0 (5) 3+ 0,0,z; 0,0,0 (6) 3 0,0,z; 0,0,0
For (3,5, 1)+ set
(M 2(3,5,%) (2) 37(0,0,5) 1,5,z (3) 37(0,0,5) 3,0,z
(4) 1 %aé7% (5) 3* 3 _%7Z’ %a_%7é (6) 3 %7%?Z; %?%?é
For (3,3,3)+ set
(M) 1(5,3,3) (2) 37(0,0,%) 0,5,z (3) 37(0,0,3) 1,3,z
(4) 1 %7%7% (5) 3+ %7%7Z; %7%7% (6) 37 _%’%?Z; _%?%’%
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Reflection conditions

General:

hkil : —h+k+1=3n
hki0 : —h+k=73n
hh2hl: [ =3n

hhOl : h+1=73n
000! : I=3n

hh00 : h=3n

Special: no extra conditions

CONTINUED No. 148
Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); #(3,1,3); (2); (4)
Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry (0a0a0)+ (%a%?%)+ (%7%a§)+
18 f 1 (1) X, )2 (2) )7>x_y>Z (3)-f+y>i7z
(4) 27)772 (5) yaf—i_yaz (6))5_)’,)5’2

9 e 1 3,0,0 0,3,0 33,0

9 d 1 3,03 0,33 3353

6 ¢ 3 0,0,z 0,0,z

3 b 3. 0,0,!

3 a 3. 0,0,0
Symmetry of special projections
Along [001] p6 Along [100] p2

=i(2a+b) b =i(-a+b) =1(a+2b) b =Ii(—a—2b+c)

Origin at 0,0,z

Origin at x,0,0

Maximal non-isomorphic subgroups

Along [210] p2
a = 1b b = 3C
Origin at x, 3x,0

I [21R3 (146) (1; 2; 3)+
BIRI(PL,2) (1; 4)+

IIa ([31P3(147) 1; 2;3; 4,5, 6
[31P3(147) 1525 3; (4555 6)+(5,3,3)
[31P3(147) 1;2; 3, (45, 6)+(3,1,4)

IIb none

Maximal isomorphic subgroups of lowest index
IIc [2]R3(a = —a,b' = —b,c =2¢)(148); [4] R3 (a' = —2a,b’ = —2b) (148)

Minimal non-isomorphic supergroups

I [21R3m (166); [21 R3¢ (167); [4] Pm3 (200); [4] Pn3 (201); [4] F m3 (202); [4] F d 3 (203); [4] Im3 (204); [4] Pa3 (205);

[4]1a3 (206)
II  [3]1P3(a=!(2a+b),b=1(—a+b),c="1c)(147)
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R3 : 3

No. 148 R3

Trigonal

Patterson symmetry R3

RHOMBOHEDRAL AXES

Heights refer to hexagonal axes

Origin at centre (3)

Asymmetric unit 0<x<I1; 0<y<l1; 0<z<3 z<min(x,yl—x1-y)
Vertices 0,0,0 1,0,0 1,1,0 0,1,0 1,13

Symmetry operations

(H 1 (2) 3" x,x,x (3) 37 x,x,x

@ 1 0,0,0 5) 3* x,x,x; 0,0,0 6) 3~ x,x,x; 0,0,0
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CONTINUED No. 148 R3

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
6 f 1 ) x,v,z (2) z,x,y 3) y,z,x no conditions

4 x5,z (5) z,%,y 6) y,z,%

Special: no extra conditions

3 e 1 0,3,5 3,05 3,1,0
3 d 1 1,0,0 0,3,0 0,0, 3
2 ¢ 3 X, X, X X, X, X%
1 b 3 33,3
1 a 3 0,0,0

Symmetry of special projections

Along [111] p6 Along [110] p2 Along [211] p2

a=3i2a—-b-c¢) b =i(-a+2b—c) a'=i(a+b-—2¢) b’ a=43b-c) b =1i(a+b+c)
Origin at x, x,x Origin at x, x,0 Origin at 2x,x,X

I
I

Maximal non-isomorphic subgroups
I [21R3(146)  1;2; 3
[31R1(P1,2) 1; 4
IIa  none
IIb [3]P3(@=a—bb=b-c,c=a+b+c)(147)

Maximal isomorphic subgroups of lowest index
IIc [2]R3(@ =b+c,b=a+c,c=a+b)(148);[4]R3(a=—-a+b+cb=a—b+c,c=a+b—c)(148)

Minimal non-isomorphic supergroups

I [21 R3m (166); [2]1 R3¢ (167); [4] Pm3 (200); [4] Pn3 (201); [4] F m3 (202); [4] F d 3 (203); [4]1Im3 (204); [4] Pa3 (205);
[4]11a3 (206)

I  [3]P3(@=1%2a—b—c),b=1(-a+2b—c),¢=1i(a+b+c))(147)
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International Tables for Crystallography (2006). Vol. A, Space group 149, pp. 504-505.

P312 D:

312 Trigonal

Patterson symmetry P3 1m

No. 149 P312
NS RSP R
Ve ¢\
r A
~ o~
Ve N
+
~ A { o
\* 24 -0
VN VN Y N
R R R
OO O O
+ - + -
Origin at 312
Asymmetricunit 0<x<?% 0<y<3 0<z<%i x<(14y)/2; y<min(l—=x,(1+x)/2)
Vertices 0,0,0 1,0,0 3:0 1,20 0,10
0,0,; 50,5 %55 551 03,:
Symmetry operations
(D1 (2) 37 0,0,z (3) 37 0,0,z
4 2 x,%0 (5) 2 x,2x,0 6) 2 2x,x,0
Copyright © 2006 International Union of Crystallography 504


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o149/

CONTINUED No. 149 P312
Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); (2); (4)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
6 [ 1 (1) x,y,z (2) y,x—yz (3) X+y,%,z no conditions

“4) y,%,Z O) x+y,vz (6) x,x—y,%Z

Special: no extra conditions

3k 2 X, %, 3 x,2x,3 2%,%,
3 2 x,%,0 x,2x,0 2%,%,0
2 i 3 6z 552
2 h 3 35,2 55,2
2 g 3 0,0,z 0,0,z
1 f 3.2 .
1 e 3.2 £13,0
1 d 3.2 13,3
1 ¢ 3.2 530
1 b 3.2 0,0,;
1 a 3.2 0,0,0

Symmetry of special projections

Along [001] p3m1 Along [100] p11m Along [210] p2
a=a b’ =b a’ = i(a+2b) b=c a=1b b =c
Origin at 0,0,z Origin at x,0,0 Origin at x, 3x,0

Maximal non-isomorphic subgroups
I [21P311(P3,143) 1; 2; 3
{[3]P112(C2,5) I; 4

[3]P112(C2,5) I; 5
[3]P112(C2,5) I; 6

IIa none

Ib  [3]P3,12(c =3¢)(153); [31P3,12 (¢ = 3¢) (151); [3] H312 (a' = 3a,b’ = 3b) (P321, 150);
[31R32(a’=a—b,b'=a+2b,c¢'=3¢) (155); [3]R32(a’=2a+b,b'=—a+b,¢ =3c¢) (155)

Maximal isomorphic subgroups of lowest index

IIc  [2]1P312(c =2¢)(149); [4]P312(a’ = 2a,b = 2b) (149)

Minimal non-isomorphic supergroups
I [21 P31m (162); [2] P31c (163); [2] P622 (177); [2] P6,22 (182); [2] P6m?2 (187); [2] P62 (188)
II [31H312(P321,150)
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International Tables for Crystallography (2006). Vol. A, Space group 150, pp. 506-507.

P321 D: 321

Trigonal

Patterson symmetry P3m 1

No. 150 P321
NN/ N O+
\ A
- . \_'
X e

Origin at 321
x<(14+y)/2; y<min(1—x,(1+x)/2)

Asymmetric unit 0<x<i 0<y<%i 0<z<}§
Vertices 0,0,0 3,0,0 %:,0 4,30 0,30
0707% %707% %7%7% %7%7% 07%7%
Symmetry operations
(1)1 (2) 3* 0,0,z 3) 30,0,z
4) 2 xx0 (5) 2 x,0,0 6) 2 0,0
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CONTINUED No. 150 P321

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
6 g 1 (1) x,y,2 (2) y,x—yz (3) X+y,%,z no conditions

(4) yax7z_ (5)xfy,)7,Z (6) f,f+y,z

Special: no extra conditions

3 f 2 ‘x’07% 07‘x7% X"f?%
3 e 2 x,0,0 0,x,0 x,%,0
2 d 3 % ) % ) Z % ) % ) Z
2 C 3 07 07 Z 07 07 Z
1 b 32. 0,0,3
1 a 32. 0,0,0
Symmetry of special projections
Along [001] p31m Along [100] p2 Along [210] p11m
a=a b =b a' = ;(a+2b) b =c a=;b b=c
Origin at 0,0,z Origin at x,0,0 Origin at x, 3x,0

Maximal non-isomorphic subgroups
I [21P311(P3,143) 1; 2; 3
[31P121(C2,5) 1; 4
{[3]P121(C2,5) ;5
[31P121(C2,5) I; 6

IIa none
IIb  [3]P3,21(c'=3c)(154); [3]1P3,21(c'=3c) (152); [3]1H321 (a’' = 3a,b' =3b) (P312, 149)

Maximal isomorphic subgroups of lowest index
Ilc [2]1P321(c =2¢)(150); [4] P321 (a’ = 2a,b’ = 2b) (150)

Minimal non-isomorphic supergroups
I [21 P3m 1 (164); [2] P3c1(165); [2]1 P622 (177); [2] P6,22 (182); [2] P62m (189); [2] P62 ¢ (190)
I [31H321(P312,149); [3] R32 (obverse) (155); [3] R32 (reverse) (155)
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International Tables for Crystallography (2006). Vol. A, Space group 151, pp. 508-509.

P3,12 D:

No. 151 P3,12

1 1 1 1
3}3‘313{343
A d N | S Vad
A AL,

1
4 |
™1
6
[ A3
\l )
i+
-0
Origin on 2[210] at 3,1(1,1,2)
Asymmetric unit 0<x<1; 0<y<lI; 0<z<!:
Vertices 0,0,0 1,0,0 1,1,0 0,1,0
0,0,5 1,0,5 1,1,z 0,15
Symmetry operations
(1 (2) 37(0,0,3) 0,0,z (3) 37(0,0,3) 0,0,z
@ 2 x,%,3 5) 2 x,2x,: (6) 2 2x,x,0

Copyright © 2006 International Union of Crystallography
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CONTINUED

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

Positions

Multiplicity, Coordinates

Wyckoff letter,
Site symmetry

6 c 1 (1) X, Y2 (2) y,X*y,Z‘f’% (3) )Zer,)E,er%
(4) yvazJF% (5)f+yayaz+% (6) X,X*y,z

3 b 2 X, %, 3 x,2x, 4 2%,%, 5

3 a ..2 X, X, % x,2x,% 2%,x,0

Symmetry of special projections
Along [001] p3m1

a=a b'=b

Origin at 0,0,z

Maximal non-isomorphic subgroups
I [21P3,11(P3,,144) 1;2; 3

[3]1P112(C2,5) 1; 4
{[3]P112(C2,5) 1; 5
[3]1P112(C2,5) 1; 6

IIa none

IIb [3]1H3,12(a =3a,b' =3b)(P3,21,

Along [100] p11m
a’ = ;(a+2b) b =c
Origin at x,0, 1

152)

Maximal isomorphic subgroups of lowest index
(a' =2a,b’' = 2b) (151); [71 P3,12 (¢ = 7¢) (151)

Ilc [2]P3,12(c =2¢)(153); [4] P3,12

Minimal non-isomorphic supergroups
I [2]1P6,22(178); [2]1P6,22 (181)

Il [3]H3,12(P3,21,152); [3] P312(c = Lc) (149)
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No. 151 P3,12

Reflection conditions
General:

000! : I=3n

Special: no extra conditions

Along [210] p2
a=1b b =c
Origin at x, 3x,0



International Tables for Crystallography (2006). Vol. A, Space group 152, pp. 510-511.

P3,21 D;

No. 152 P3,21

321 Trigonal

Patterson symmetry P3m 1

1
1+
3 -1 83
\ —_
A ,
6 A_ \'\_’6
Y e
NN AN o O- O-
3 3 3
0 190
+ +
Origin on 2[110] at 3, (1,1,2)1
Asymmetric unit 0<x<1; 0<y<lI; 0<z<!:
Vertices 0,0,0 1,0,0 1,1,0 0,1,0
0,0,5 1,0,5 1,1,z 0,15
Symmetry operations
() 1 (2) 37(0,0,%) 0,0,z (3) 3(0,0,2) 0,0,z

3
4 2 xx0 (5) 2 x0,5 ©) 2 0,y,5
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CONTINUED No. 152 P3,21

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
6 ¢ 1 D) x,y,z Q) y,x—y,z+3 B) x+y,%,z+3 000/ : [=3n

(4) yax7z_ (S)X*y,_)_),Z‘f’% (6) xaf+yvz+%

Special: no extra conditions

3 b 2 x7o>% O,X,é frfa%
3 a 2 x,0,4 0,x,3 x,x,0
Symmetry of special projections
Along [001] p31m Along [100] p2 Along [210] p11m
a=a b =b a’ = ;(a+2b) b =c a=1ib b=c
Origin at 0,0,z Origin at x,0, 1 Origin at x, 1x, &

Maximal non-isomorphic subgroups
I [21P3,11(P3,,144) 1;2; 3

[3]1P121(C2,5) 1; 4
{[3]P121(C2,5) ;5
[3]1P121(C2,5) 1; 6

IIa none

IIb [3]1H3,21(a’ =3a,b =3b)(P3,12,151)

Maximal isomorphic subgroups of lowest index
Ilc  [2]1P3,21(c =2¢)(154); [4] P3,21 (a' = 2a,b’ = 2b) (152); [7] P3,21 (¢ = Tc) (152)

Minimal non-isomorphic supergroups
I [21P6,22(178); [2] P6,22(181)
II [31H3,21(P3,12,151); [3]1R32 (obverse) (155); [3] R32 (reverse) (155); [3]1 P321 (¢’ = 5¢) (150)
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International Tables for Crystallography (2006). Vol. A, Space group 153, pp. 512-513.

P3,12 D:

No. 153 P3,12

Origin on 2[210] at 3,1(1,1,2)

Vertices 0,0,0 1,0,0 1,1,0 0,1,0
0707% ]707% ]7 7% 0717é

Asymmetric unit 0<x<1; 0<y<I; 0<z<!i

Symmetry operations

312 Trigonal

Patterson symmetry P3 1m

ol

(H 1 (2) 37(0,0,3) 0,0,z (3) 37(0,0,5) 0,0,z
1
3

4 2 x,%: 5) 2 x,2x,

Copyright © 2006 International Union of Crystallography
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CONTINUED

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

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

6 c 1 (1) X, Y2 (2) y,X*y,Z‘f’% (3) f‘i’y,f,Z‘i’%
(4) yvazJF% (5)f+yayaz+% (6) X,X*y,z

3 b ..2 X, X, % x,2x,3 2%,%, 5

3 a ..2 X, X, 3 x,2x,% 2%,x,0

Symmetry of special projections

Along [001] p3m1 Along [100] p11m
a=a b=b a’ = i(a+2b) b =c
Origin at 0,0,z Origin at x,0, }

Maximal non-isomorphic subgroups
I [21P3,11(P3,,145) 1;2; 3

[3]1P112(C2,5) 1; 4
{[3]P112(C2,5) 1; 5
[3]1P112(C2,5) 1; 6

IIa none

IIb [3]1H3,12(a’ =3a,b' =3b)(P3,21, 154)

Maximal isomorphic subgroups of lowest index

No. 153 P3,12

Reflection conditions
General:

000! : I=3n

Special: no extra conditions

Along [210] p2
a=1b b =c
Origin at x, 3x,0

Ic [2]P3,12(c =2¢)(151); [4] P3,12(a = 2a,b’ = 2b) (153); [7] P3,12 (¢ = Tc) (153)

Minimal non-isomorphic supergroups
I [2] P6.22(179); [2] P6,22 (180)
I [31H3,12(P3,21,154); [3]P312(¢ = tc) (149)
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International Tables for Crystallography (2006). Vol. A, Space group 154, pp. 514-515.

P3,21

No. 154 P3,21
S VARLYod
A L/
3 A \ 3
1 X —
? /A\ /N J\°

=
RN

1
6

Origin on 2[110] at 3,(1,1,2)1

Asymmetric unit 0<x<1; 0<y<lI; 0<z<
Vertices 0,0,0 1,0,0 1,1,0 0,1,0
0707% ]707é ]717é 0717é

Symmetry operations

ON (2) 3°(0,0,3) 0,0,z
2 xx0 (5) 2 x0,5

Copyright © 2006 International Union of Crystallography
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CONTINUED No. 154 P3,21

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
6 ¢ 1 D) x,y,z 2) y,x—y,z+3 B) x+y,%z+3 000/ : [=3n

(4) yax7z_ (S)X*y,_)_),Z‘f’% (6) xaf+yvz+%

Special: no extra conditions

3 b 2 x707é 07)(7,% frfa%
3 a 2 x,0, 3 0,x,3 x,x,0
Symmetry of special projections
Along [001] p31m Along [100] p2 Along [210] p11m
a=a b =b a’ = ;(a+2b) b =c a=1ib b=c
Origin at 0,0,z Origin at x,0, 1 Origin at x, 1x, 1

Maximal non-isomorphic subgroups
I [21P3,11(P3,,145) 1;2; 3

[3]1P121(C2,5) 1; 4
{[3]P121(C2,5) ;5
[3]1P121(C2,5) 1; 6

IIa none

IIb [3]1H3,21(a’=3a,b' =3b)(P3,12, 153)

Maximal isomorphic subgroups of lowest index
Ile  [2]1P3,21(c =2¢)(152); [4]P3,21 (a' = 2a,b' = 2b) (154); [7] P3,21 (¢ = Tc) (154)

Minimal non-isomorphic supergroups
I [21P6,22(179); [2] P6,22 (180)
II [31H3,21(P3,12,153); [3]1R32 (obverse) (155); [3] R32 (reverse) (155); [3]1 P321 (¢’ = 5¢) (150)
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International Tables for Crystallography (2006). Vol. A, Space group 155, pp. 516-519.

R32 D; 32 Trigonal

NO. 155 R 3 2 Patterson symmetry R3m

HEXAGONAL AXES

1 é % 1
N ,
1 1 -
t \/ /¢ s
AN <&/ 07
1
I~A7 A | A A~y O3+
14 \d O} =
1L 1 11 1 1_ O
3 \ %’{\; s 3 \ 5 3 OO +O
1 / \ 3= O-
P V. — 2
+
i~AT A A A Ay Qsr/+
2y \ 01
§ 11> — 3-O
L \ Q
A A A A_»% 3+
3 \¢ o
6 - —,% +O
N A A & \4 O+
ANINANN AN\ AN O-
1 11 1 1 11 1 -0
5 33 % § 33 % 0O
+
Origin at 32
Asymmetricunit 0<x<3 0<y<% 0<z<y x<(1+4y)/2; y<min(l—x,(14+x)/2)
Vertices 0,0,0 10,0 310 1,20 0,10
0,0,5 3,0, %55 555 0,53
Symmetry operations
For (0,0,0)+ set
(H 1 (2) 3+ 0,0,z 3) 37 0,0,z
) 2 x,x,0 (5) 2 x,0,0 6) 2 0,y,0
For (3, 1,5)+ set
(M #(5,5,3) (2) 3°(0,0,5) 1,52 (3) 37(0,0,5) 3,0,z
@ 2(3,5,0) xx—5,3 (5) 2(3,0,0) x,5.3 6) 2 3,y
For (1,3,2)+ set
(1) 1(5,5,3) (2) 37(0,0,%) 0,5,z (3) 37(0,0,3) 1,52
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CONTINUED No. 155

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); #(3,1,3); (2); (4)

Positions

Multiplicity, Coordinates

Wyckoff letter, s L

Site symmetry (0a0a0)+ (§a§75)+ (§7§a§)+

18 f 1 (1) X, Y52 (2) )_]7x_y7z (3))?“‘)”)@2

(4) y7x>Z_ (S)X_)%)_%Z (6) iaf—’—y?Z

9 e .2 x,0,% 0,x,3 X,%,3

9 d .2 x,0,0 0,x,0 %%,0

6 ¢ 3. 0,0,z 0,0,z

3 b 32 0,0,

3 a 32 0,0,0

Symmetry of special projections

Along [001] p3m1 Along [100] p2

a’ = 1i(2a+b) b =1(—a+Db) a’' = {(a+2b) b =1(-a—2b+c)

Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups

I [21R31(R3,146) (1; 2; 3)+
[31R12(C2,5) (1; H+
[31R12(C2,5) (1 5)+
[31R12(C2,5) (1; 6)+

Ila ([3]P3,21(154) L4s (25 6)+(5,5,3); (35 5)+(5,5.3)
[B1P3,21(154) 1355 (25 4)+(5,3,3); (35 6) +(3,3,1)
[B1P3,21(154)  1;6; (25 5)+(5,5,3); (3 4)+(3,5,1)
[B1P3,21(152) 145 (25 6)+(5,5,5); (35 5)+(3,5,3)

{[3]P3121(152) 155 (25 4) +(5,5.1)s (35 6)+ (5,3, %)
[31P3,21(152) 15 6; (2 5)+(5,5,5); (35 4)+(5,5,9)
[31P321(150) 1; 2, 3; 4,5, 6
{[3]P321(150) 15 2; 3; (4555 6)+(5,3,3)

[31P321(150) 1; 25 3; (45, 6)+(3,5,3)

IIb none

Maximal isomorphic subgroups of lowest index
IIc  [2]R32(a’ = —a,b'= —b,c¢ =2¢)(155); [4]R32 (a’ = —2a,b' = —2b) (155)

Minimal non-isomorphic supergroups

R32

Reflection conditions

General:

hkil : —h+k+1=3n
hki0 = —h+k=3n
hh2hL: 1 =3n

hhOL = h+1=3n
000/ : [ =3n

hhOO : = 3n

Special: no extra conditions

Along [210] p11m
a=;b b = ic
Origin at x, 3x,0

I [2] R3m (166); [2] R3¢ (167); [4] P432 (207); [4] P4,32 (208); [4] F 432 (209); [4] F 4,32 (210); [4] 1432 (211);

[4] P4,32(212); [4] P4,32(213); [4] 14,32 (214)
II  [3]P312(a'=1(2a+b),b =(—a+b),c =) (149)
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R32

32
No. 155 R32
RHOMBOHEDRAL AXES
%\%j\ ’ g/l

ALY \/_§

% N
L o« A _A A — !
j %/ A \%13 1 1 1
5 i3 55 3
A S VA A VAR

/ // \\ N
i— — 1
i £
;A A A A A*g

2y \4

Trigonal

Patterson symmetry R3m

AININANN NN AN
RIE R
Heights refer to hexagonal axes
Origin at 32
Asymmetric unit 0<x<1; 0<y<1; 0<z<3; z<min(xyl—x1-y)
Vertices 0,0,0 1,0,0 1,1,0 0,1,0 1,11
Symmetry operations
(H 1 2) 3% x,x,x 3) 37 x,x,x
4 2 x0,x 3) 2 xx0 6) 2 0,y
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CONTINUED No. 155 R32

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
6 f 1 ) x,v,z (2) z,x,y 3) y,z,x no conditions

) z,y,% (%) y,%,2 (6) x,z,y

Special: no extra conditions

3 e .2 50 IR »¥3
3 .d .2 0,y,y 3,0,y »5,0
2 ¢ 3. X, X, X X, X, X
L b 32 N
1 a 32 0,0,0
Symmetry of special projections
Along [111] p3m1 Along [110] p2 Along 211] p11m
a=12a-b—-¢) b=1%i(-a+2b—c) a=1(a+b—-2¢) b=c a=ib-—c) b =i(a+b+c)
Origin at x, x,x Origin at x, x,0 Origin at 2x,x,X

Maximal non-isomorphic subgroups

I [2IR31(R3,146) 1; 2; 3
[31R12(C2,5) 1; 4

{[3]R12(C2, 5) 1

[31R12(C2,5) 1

IIa  none

IIb [3]P321(@=a—b,b=b—c,c=a+b+c)(150); [3]P3,21(@ =a—b,b=b—c,c=a+b+c)(152);
[3]P3,21(@=a—b,b=b—c,c=a+b+c)(154)

Maximal isomorphic subgroups of lowest index
IIc  [2]R32(a=b+c,b=a+c,¢ =a+b)(155);[4]R32(a’'=—-a+b+ec,b=a—b+c,c=a+b—c)(155)

Minimal non-isomorphic supergroups
I [21R3m (166); [21 R3¢ (167); [4] P432(207); [4] P4,32(208); [41 F432(209); [4]1 F4,32(210); [4]11432(211);
[41 P4,32(212); [4]1P4,32(213);[4]14,32(214)

Il [3]P312(a=!(2a—b—c),b'=!(—a+2b—c),c=!(a+b+c))(149)
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International Tables for Crystallography (2006). Vol.

P3ml1 G,

No. 156 P3ml

Origin on3m 1

Asymmetric unit 0<x<?% 0<y<?} 0<z<1;
Vertices 0,0,0 3,;,0 1,30
0,0,1 %351 5,51
Symmetry operations
(D 1 (2) 3+ 0,0,z (3) 3 0,0,z
@ m x,x,z B) m x,2x,z 6) m 2x,x,z

Copyright © 2006 International Union of Crystallography

A, Space group 156, pp. 520-521.

3ml Trigonal

Patterson symmetry P3m 1

x<2y; y<min(l—x,2x)
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CONTINUED No. 156 P3m1l

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

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

6 e 1 (1) x,y,z 2) y,x—yz 3) x+y,%,z
4) y,%,2 (5) x+y,y.z 6) x,x—y,z

3 d .m. X, %,z X,2X,2 2X,%,2

1 ¢ 3m 21,z

1 b 3m. 55,2

1 a 3m. 0,0,z

Symmetry of special projections

Along [001] p3m]1 Along [100] p 1
a=a b=b a' = j(a+2b) b =c
Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups
I [21P311(P3,143) 1; 2; 3

BIPIml(Cm,8) 1;4
{[S]lel(Cm,S) ;5
B1PIml (Cm8) 1;6

IIa none
IIb [2]1P3c1(c'=2¢)(158);[3]1H3m1 (a’=3a,b' =3b)(P31m, 157)

Maximal isomorphic subgroups of lowest index
IIc  [2]1P3ml (¢ =2¢)(156); [4] P3m1 (a’ =2a,b' =2b)(156)

Minimal non-isomorphic supergroups
I [2] P3m1 (164); [2] P6mm (183); [2] P6,mc (186); [2] P6m2 (187)
11 [31H3m1 (P31m, 157); [3] R3m (obverse) (160); [3] R3m (reverse) (160)

521

Reflection conditions

General:

no conditions

Special: no extra conditions

Along [210] p1m]1
a'=;b b=c
Origin at x, 3x,0



International Tables for Crystallography (2006). Vol. A, Space group 157, pp. 522-523.

P31m C32v 31m Trigonal

NO. 157 P 3 1 m Patterson symmetry P3 1m

Origin on31m

Asymmetricunit 0<x<?% 0<y<} 0<z<1l; x<(y+1)/2; y<min(l—x,x)
Vertices 0,0,0 1,0,0 310 1,1,0
07071 %7071 %7%71 %7%71
Symmetry operations
(1 1 (2) 3* 0,0,z (3) 3 0,0,z
(4) m x,x,z (5) m x,0,z (6) m 0,y,z
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CONTINUED No. 157 P31m

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

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

6 d 1 (1) X, Y52 (2) )_]7x_y7z (3))?“‘)”)3,2
(4) X2 (5))5_)%)772 (6) iaf—’—y?Z

3 ¢ ..m x,0,z 0,x,z X, X,z

2 b 3 31352 5.2

1 a 3.m 0,0,z

Symmetry of special projections

Along [001] p31m Along [100] p1m1
a=a b=b a’ = i(a+2b) b =c
Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups
I [21P311(P3,143) 1; 2; 3

BIPLIm(Cm8) 1;4
{[S]Pllm(Cm,S) ;5
BIP1Im(Cm8) 1;6

IIa none

Reflection conditions

General:

no conditions

Special: no extra conditions

Along [210] p 1
a=;b b =c
Origin at x, 3x,0

IIb [2]P31c(¢ =2¢)(159); [31H31m(a’ =3a,b' =3b)(P3m1, 156); [3]R3m (@ =a—b,b'=a+2b,¢ = 3c) (160);

[3]1R3m(a’=2a+b,b'=—a+b,c =3¢) (160)

Maximal isomorphic subgroups of lowest index
Ic [2]1P31m(c =2¢)(157); [4] P31m (a’ = 2a,b = 2b) (157)

Minimal non-isomorphic supergroups
I [21 P31m (162); [2] P6mm (183); [2] P6,cm (185); [2] P62m (189)
II  [31H31m(P3ml, 156)
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International Tables for Crystallography (2006). Vol. A, Space group 158, pp. 524-525.

P3cl C33v 3ml Trigonal

NO. 15 8 P 3 C 1 Patterson symmetry P3m 1

+
O
A +0
ONO) ONO;
+ 14 + i+

Origin on 3¢

Asymmetricunit 0<x<?% 0<y<3 0<z<%y x<(14y)/2; y<min(l—=x,(1+x)/2)
Vertices 0,0,0 1,0,0 310 1,20 0,10
0,0,; 50,3 %55 551 03,:
Symmetry operations
(H 1 (2) 3 0,0,z (3) 37 0,0,z
4 ¢ x,x,z ) ¢ x,2x,z 6) ¢ 2x,x,z
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CONTINUED

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

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

6 d 1 (1) X, 0,2 (2) y,X*y,Z (3)f+y,.f,z
4 y.%,z+3 (S) X+yy,2+3 6) x,x—y,z+3

2 ¢ 3 55,2 55,2+

2 b 3.. %>§7Z %7%7Z+%

2 a 3.. 0,0,z 0,0,z+1

Symmetry of special projections

Along [001] p3m1 Along [100] p1

a=a b =b a’' = ;(a+2b) b =lc

Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups
I [21P311(P3,143) 1; 2; 3

[3]1P1c1(Cc,9) 1; 4
{[S]Plcl(Cc,Q) I; 5
[3]1P1cl(Cc,9) I; 6

IIa none
IIb [3]1H3cl(a =3a,b =3b)(P31c, 159)

Maximal isomorphic subgroups of lowest index
IIc  [3]1P3cl (¢’ =3¢)(158);[4]P3cl(a’ =2a,b =2b)(158)

Minimal non-isomorphic supergroups
I [21P3c1(165); [2]1 P6cc (184); [2] P6,cm (185); [2] P6c2(188)

I [31H3c1(P31c, 159); [3]1 R3¢ (obverse) (161); [3] R3¢ (reverse) (161); [2] P3m1 (¢’ = 3¢) (156)
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No. 158

P3cl

Reflection conditions

General:
hhOl : [ =2n
000! : I=2n

Special: as above, plus

hkil : 1=2n
hkil : [=2n
hkil : 1=2n

Along [210] p1g1

b =c

Origin at x, 3x,0



International Tables for Crystallography (2006). Vol. A, Space group 159, pp. 526-527.

P31lc C; 31m Trigonal

NO. 159 P 3 1 C Patterson symmetry P3 1m

O+
A/,\\ ........... A O+

. / A\

AP RPN 1)

\ 7",

\ A/ .
\ 7/
Al Meeerernenns A

Originon31c

Asymmetricunit 0<x<?% 0<y<3 0<z<%y x<(14y)/2; y<min(l—=x,(1+x)/2)
Vertices 0,0,0 1,0,0 3:0 1,20 0,10
0,0,5 30,5 5535 5535 0,53
Symmetry operations
(1 (2) 3* 0,0,z (3) 3- 0,0,z
@) ¢ xxz (5) ¢ x,0,z 6) ¢ 0,z
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CONTINUED No. 159 P31c

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
6 ¢ 1 ) x,y,z 2) y,x—y,z 3) x+y,x,z hh2hl: 1 =2n
) y,x,2+3 () x—y,¥,z+3 (6) X, X +y,2+3 0007 @ [=2n

Special: as above, plus

2 b 3 137 EREN hkil : 1=2n
or h—k=3n+1
or h—k=3n+2
2 a 3.. 0,0,z 0,0,z+ 1 hkil : 1=12n
Symmetry of special projections
Along [001] p31m Along [100] plgl Along [210] p1
a=a b =b a’ = i(a+2b) b =c a=1b b =ic
Origin at 0,0,z Origin at x,0,0 Origin at x, 3x,0

Maximal non-isomorphic subgroups

I [21P311(P3,143) 1;2; 3
[31P11c¢(Cc,9) 1; 4

{[3]P11c(Cc,9) I; 5

[31P11c¢(Cc,9) I; 6

IIa none

IIb [3]1H31c(a =3a,b' =3b)(P3cl,158);[3]1R3c(a’=a—b,b'=a+2b,¢ =3¢)(161);
[3]R3c(a’=2a+b,b'=—a+b,¢ =3c)(161)

Maximal isomorphic subgroups of lowest index
IIc  [3]1P31c(c =3¢)(159); [4]P31c(a’ =2a,b =2b)(159)

Minimal non-isomorphic supergroups
I [21P31¢(163); [2]1 P6cc (184); [2] P6,mc (186); [2] P62c¢(190)
II [31H31c(P3cl,158); [21P31m (¢ = 3¢) (157)
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R3m
No. 160

HEXAGONAL AXES

5
C3v

R3m

A
% A
A | A SK A |
P ~Nd
7 N
<Al AT —
™ _“
A | A SIK A
AR BRN
/ ™
A | A
<
™ < -7
A n_‘\ N P A_

Origin on 3m

Asymmetric unit 0<x<
Vertices 0,0,0
0,0, 5

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

(1

“4) m x,x,z

For (3,5, 5)+ set

(1) 1(3,4,5)

4) g(s,—5:3) x+1,%2
For (5,3,3)+ set
(1) £(5,5,3)
(4) g(_%?é7%) x+%af7z

Copyright © 2006 International Union of Crystallography

5 0<y<3 0<z<;
55,0 3,50
211 121
39393 39393
2) 37 0,0,z
B) m x,2x,z
(2) 37(0,0,3) 5,5,z
) 8(5,5,3) x+1,2x2
(2) 37(0,0,3) 0,3,z
(5) g(3,3,3) x2xz

A, Space group 160, pp. 528-531.

3m

Trigonal

Patterson symmetry R3m

x<2y; y<min(l—x,2x)

3) 30,0,z
6) m 2x,x,z
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CONTINUED No. 160

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); #(3,1,3); (2); (4)

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry (0a0a0)+ (%a%?%)+ (%7%a§)+
18 c 1 (1) X, )2 (2) )7>x_y>Z (3)-f+y>i7z
(4) }7>X7Z (5) f‘f')@y,z (6) X, X—=y2
9 b .m X, %,z X,2x,7 2%, %,z
3 a 3m 0,0,z
Symmetry of special projections
Along [001] p31m Along [100] p 1
a’ =;(2a+b) b =i(—a+Db) a = ;(a+2b) b =i(—a—2b+c)
Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups
I [21R31(R3,146) (1; 2; 3)+

[31R1m (Cm, 8) (1; 4)+
{[S]le(Cm, 8) (1; 5+
[31R1m (Cm, 8) (1; 6)+

IIa [3]1P3m1(156) 1; 2; 3,4, 5,6

IIb [2]R3c(a’ = —a,b'=—b,¢ =2¢)(161)

Maximal isomorphic subgroups of lowest index
IIc  [21R3m(a’ = —a,b' = —b,¢ =2¢) (160); [4] R3m (a' = —2a,b’ = —2b) (160)

Minimal non-isomorphic supergroups
I [2]1 R3m (166); [4] P43 m (215); [4] F43m (216); [4]1143m (217)
II  [3]P31lm(a =1(2a+b),b'=!(—a+b),c =lc)(157)

529

R3m

Reflection conditions

General:

hkil : —h+k+1=3n
hki0 = —h+k=3n
hh2hl: 1 =3n

hhOL = h+1=3n
000/ : [ =3n

hhOO : = 3n

Special: no extra conditions

Along [210] p1m]1
a=;b b = ;c
Origin at x, 1x,0



R3m C..
No. 160 R3m

RHOMBOHEDRAL AXES

Heights refer to hexagonal axes

Origin on 3m

Asymmetric unit 0<x<1; 0<y<l; 0<z<]I,
Vertices  0,0,0 1,0,0 1,1,0 1,1,1

Symmetry operations

(H 1 2) 3" x,x,x

3) 37 x,x,x
(4) m x,y,x (5) m x,x,z

(6) m x,y,y

ONO,
¥ ¥

3m

Trigonal

Patterson symmetry R3m

y<x; z<y

530




CONTINUED No. 160 R3m

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
6 ¢ 1 (1) x,y,z (2) z,x,y (3) y,z,x no conditions

) z,y,x () y.x,z (6) x,2,y

Special: no extra conditions

3 b .m X,X,Z Z,X,X X,2,X
1 a 3m X, X, X

Symmetry of special projections

Along [111] p31m Along [110] p1 Along 211] p1m1
a=4i2a-b—c) b=i(-a+2b—c) a=j@a+b—-2) b=c a=j3b-c) b=j(a+tb+tc)
Origin at x,x,x Origin at x,%,0 Origin at 2x, %, %

Maximal non-isomorphic subgroups
I [21R31(R3,146) 1; 2; 3

[31R1m (Cm, 8) 1; 4
{[3]le(Cm,8) 1;5
[31R1m (Cm,8) 1; 6

IIa none
IIb [2]F3c(a =2a,b =2b,¢ =2¢)(R3c, 161);[3]P3ml(a@=a—b,b=b—c,c=a+b+c¢)(156)

Maximal isomorphic subgroups of lowest index
IIc [2]R3m(@ =b+c¢,b=a+c,¢ =a+b)(160); [4]R3m(a’=—-a+b+ec,b=a—b+c,¢=a+b—c)(160)

Minimal non-isomorphic supergroups
I [21R3m (166); [4] P43 m (215); [4] F43m (216); [4]1143m (217)
II [3]P31m(a =4i(2a—b—c¢),b=31(—a+2b—c),c=1(a+b+c))(157)
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R3c

No. 161

HEXAGONAL AXES

A
."I.;' H '/.. .
A N
A7 A S A
S PR OO\, | .
“J N
P R I\
L .
08 e
A o
N, I AT
.... | N. : A
ool /\.\:/./ .
AT A A
.. |/./' N
N N
i

6
(:%

R3c

Origin on 3¢

Asymmetric unit 0<x<}
Vertices 0,0,0 1
0,0,5 3

Symmetry operations
For (0,0,0)+ set
(11

@) ¢ x,xz

(1) 1(5,5,3)
6

Copyright © 2006 International Union of Crystallography

0<y<3 0<z<j;
0,0 %,5,0 3,50 0,3
’0’% %7%’% %’%’% 07%
(2) 3 0,0,z
) ¢ x,2x,z
(2) 3+ ) a%) i?iaz
O g(z,5:8) x+1,2xz2
(2) 37(0,0,3) 0,3,z
O g(5,%:8) x2xz

x<(1+4y)/2;

o

=

A, Space group 161, pp. 532-535.

3m

Trigonal

Patterson symmetry R3m

+O

N
+

y <min(l —x, (14x)/2)

(3) 37 0,0,z
6) ¢ 2x,x,z
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No. 161

CONTINUED

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); #(3,1,3); (2); (4)

Positions
Multiplicity, Coordinates
Wyckoff letter, s L
Site symmetry (0a0a0)+ (§a§75)+ (§7§a§)+
18 b 1 (1) X, 0,2 (2) )7>x_y>Z (3)-f+y>i7z
4 3, %2+ S) X+yyz+3 (6) x,x—y,z+3
6 a 3 0707Z 0707Z+%

Symmetry of special projections
Along [001] p31m
a’ =;(2a+b)
Origin at 0,0,z

Along [100] p1
a=;(2a+4b+c) b =i(-a-2b+c)
Origin at x,0,0

b =i(—a+b)

Maximal non-isomorphic subgroups
I [21R31(R3,146) (
[31R1c¢(Cc,9) (1;
{[3]Rlc(Cc,9) (1; 5)+
[31R1c¢(Cc,9) (1;
IIa [3]P3c1(158) 1
IIb none

Maximal isomorphic subgroups of lowest index
IIc  [4]R3c(a = —2a,b'= —2b) (161); [5]R3c(a’ = —a,b' = —b,¢ = 5¢) (161)

Minimal non-isomorphic supergroups
I [21R3c (167); [4]1 P43n (218); [4] F43 ¢ (219); [4]143d (220)

R3c

Reflection conditions

General:

hkil : —h+k+1=3n
hki0 = —h+k=3n
hh2hl: 1 =3n

ROl = h+1=3n, 1=2n
000/ : [ =6n

hhOO : = 3n

Special: as above, plus

hkil : 1 =2n

Along [210] p1g1
a=:b b = ic
Origin at x, 3x,0

11 [21R3m(a’ = —a,b'= —b,¢' = 1¢) (160); [3] P31c(a’' = i(2a+b),b'=i(—a+b),¢ = ic) (159)
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R3c Cfv 3m Trigonal

NO. 16 1 R 3 C Patterson symmetry R3m

RHOMBOHEDRAL AXES

......... ! N //
AT [ASK Al A

§ ........ l /'/ é \.\ ........

E -/l' ..... Y ~.

L L7 L N,

A A A SicAT—A
\\l..--"'/ ....... i S QL
........ \\ /./ ......... : o ) N,
A7 TASICAT AT 1A

Heights refer to hexagonal axes

Origin on 3¢

Asymmetricunit 0<x<1; 0<y<I1l; 0<z<Il; y<x; z<y
Vertices 0,0,0 1,0,0 1,1,0 1,1,1

Symmetry operations

(H 1 ) 3* x,x,x 3) 37 x,x,x
(4) n(%?%’%) ‘x7y7'x (5) n(%?%?%) ‘x7'x7Z (6) n(%?%?%) 'x7y7y

534



CONTINUED No. 161 R3c

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
6 b 1 (D) x,v,z (2) z,x,y 3) y,z,x hhl : 1=2n
@) z+5,y+5x+3 ) y+5x+52+3 (6) x+35,2+5,y+3 hhh: h=2n

Special: as above, plus

2 a 3. X, X, X X+ix+ix+4 hkl © h+k+1=2n
Symmetry of special projections

Along [111] p31m Along [110] p1 Along 211] plgl
a=4i2a-b—c) b =i(-a+2b—c) a=ia+b—-2c) b =jic a=3b-c) b=j3(a+tb+c)
Origin at x,x,x Origin at x,%,0 Origin at 2x, %, %

Maximal non-isomorphic subgroups
I [21R31(R3,146) 1; 2; 3

[3]1R1c¢(Cc,9) 1; 4
{[3]R1c(Cc,9) 1;5
[3]1R1c(Cc,9) 1; 6

IIa none
IIb [3]P3cl(@=a—-bb=b—c,c=a+b+c¢c)(158)

Maximal isomorphic subgroups of lowest index
IIc [4]R3c(@ =-a+b+c¢c,b=a—-b+c,c=a+b—c)(161); [5]R3c(@ =a+2b+2¢c,b'=2a+b+2¢,¢/=2a+2b+c¢)(161)

Minimal non-isomorphic supergroups
I [21R3c (167); [4]1 P43n (218); [4] F43 ¢ (219); [4]143d (220)

I [2]R3m(a = i(—a+b+c),b'=1(a—b+c),¢=i(a+b—c))(160);
[31P31c(a ='2a—b—c),b =1(—a+2b—c),¢ = (a+b+c))(159)
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International Tables for Crystallography (2006). Vol. A, Space group 162, pp. 536-537.

— 1 _
P 3 1 m D3d 31m Trigonal
No. 162 P 3 1 2/ m Patterson symmetry P3 1m
+ - + -
o®%0 0% %0
\A’ f \T/ f \ e @) o+ -0 o+

NAVAYA

PAYAYA

Pl/l\lﬂ

Origin at centre (3 1m)

Asymmetric unit 0<x<3 0<y<i; 0<z<i; x<(1+y)/2; y<min(l—xx)
Vertices 0,0,0 1,0,0
0707% %7 7%

Symmetry operations

(H 1 (2) 3" 0,0,z 3) 3 0,0,z
4 2 xx,0 o) 2 x,2x,0 6) 2 2x,x,0
(7) T 0,0,0 (8) 3* 0,0,z; 0,0,0 (9 3~ 0,0,z; 0,0,0
(10) m x,x,z (11) m x,0,z (12) m 0,y,z
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CONTINUED

Generators selected

No. 162 P31m

(1); ¢(1,0,0); ¢(0,1,0); £(0,0,1); (2); (4); (7)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
12 1 1 (1) x,y,z (2) y,x—y,z (3) £+y,%,z no conditions
(4) )_7,)2,2 (S)X—i_yayaz (6) x>x_)’>z
(7) f>yaz (8) )’>f+)’>z (9)x_yax72
(10) X2 (ll)X*y,_)_),Z (12) f,f+y,z
Special: no extra conditions
6 k m x,0,z 0,x,z X,%,z 0,%,7 x%,0,7 X,X,Z
6 j ..2 X, %, 3 x,2x, % 2%,%, X,X,3 X,2%,3 2x,%, 5
6 i 2 x,%,0 x,2x,0 2%,%,0 X%,x,0 x,2x,0 2x,x,0
4 h 3 31352 313:2 502 313:2
3 2/m 3,0, 3 0,3,3 31303
3 f 2/m 3,0,0 0,3,0 3:13,0
2 e 3.m 0,0,z 0,0,z
2 d 3.2 1303 TR
2 Cc 3 . 2 %a %70 %7 %,0
1 b 3.m 0,0,1
1 a 3.m 0,0,0

Symmetry of special projections
Along [001] p6mm

a=a b'=b

Origin at 0,0,z

Along [100] p2mm
a’ = i(a+2b) b =c
Origin at x,0,0

Maximal non-isomorphic subgroups

I [21P31m(157) 1; 2; 3; 10; 11; 12
[2] P312(149) 1;2;3;4; 5, 6
[2]P311(P3,147) 1; 2,3, 7; 8 9
B1P112/m(C2/m,12) 1; 4; 7; 10

{[3]P112/m(C2/m, 12) 1;5 7; 11
B1P112/m(C2/m,12) 1;6; 7; 12

IIa
IIb

none

[2] P?lc(c’ =2¢)(163);[31H31m(a =3a,b’
[3]1R3m(a’=2a+b,b'=—a+b,c = 3¢) (166)

Maximal isomorphic subgroups of lowest index
IIc  [2]P31m(c =2c)(162); [4]P31m(a =2a,b =2b) (162)

Minimal non-isomorphic supergroups
I [21P6/mmm (191); [2] P6,/mcm (193)
II  [B]H31m(P3ml, 164)
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3b) (P3m1,164); [3]R3m(a’ =a—

Along [210] p2
a'=;b b'=c
Origin at x, 3x,0

b,b' = a+2b,¢ = 3c) (166);



International Tables for Crystallography (2006). Vol. A, Space group 163, pp. 538-539.

P31C ng

No. 163

Trigonal

Patterson symmetry P3 1m

1 1 1 1 1
1 4 141 4 1 41 4
4y d r 3 T 3 r 4y
\A/ ...... \o/ ....... \ A/'
1 4l‘/... ... ./ \. ._.J \%
‘:\:.- 7/ \ 3
1 E) s / A\ X\
N A
L 3N g J\L
RN A A
L %f \ / \l~ 1
A, Mecrrrnrensens ok
ASTENTEN
1 1 1 1 1 ‘ 1
4 1 4 14 1 4 1 4 1 4
3 3 3 3 a
Origin at centre (3) at31¢
Asymmetric unit 0<x<3 0<y<i 0<z<i x<(1+y)/2; y<min(l—x,(1+x)/2)
Vertices 0,0,0 3;,0,0 3,310 130 0,30
0707% %’07‘1_1 %7%’4]_1 %’%’% 07%’4]_1
Symmetry operations
(1)1 (2) 3* 0,0,z 3) 3 0,0,z
4 2 x%; (5) 2 x,2x,3 (6) 2 2x,x,3
71 0,0,0 (8) 3* 0,0,z; 0,0,0 ©) 3 0,0,z 0,0,0
(10) ¢ x,x,z (11 ¢ x,0,z (12) ¢ 0,y,z

Copyright © 2006 International Union of Crystallography
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No. 163

CONTINUED

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

P3lc

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
12 i 1 D) x,y,z 2) y,x—y,z 3) x+y,x,z hh2hl: 1 =2n
4) 9.5+ O) X+y,»i+s (6) x,x—y,Z+ 3 0007 = I=2n
(7) 27)772 (8) y7i+y7z (9)x_yax7z
(10) y7x>Z+% (11))5_)’7)7724‘% (12) )@f‘f'y,Z‘i‘%
Special: as above, plus
6 h ..2 X, X, 1 x,2x, 1 2%, %, % XX, 3 x,2%, 3 2x,X,3 no extra conditions
6 1 3,0,0 0,7,0 31,0 0,7,3 3,03 313 hkil : 1=2n
4 f 3. 552 5n5I+ 2R F¥4 RN A hkil : 1=2n
or h—k=3n+1
or h—k=3n+2
4 e 3.. 0,0,z 0,0,z+ 0,0,z 0,0,z+14 hkil : 1=2n
2 d 3.2 RN 1,33 hkil : 1=2n
or h—k=3n+1
or h—k=3n+2
2 ¢ 3.2 1 212 hkil : 1=2n
or h—k=3n+1
or h—k=3n+2
2 b 3. 0,0,0 0,0, 1 hkil : [=2n
2 a 3.2 0,0, 0,0, hkil : 1=2n

Symmetry of special projections
Along [001] p6mm

a=a b'=b

Origin at 0,0,z

Along [100] p2gm
a'=j(a+2b)
Origin at x,0,0

b'=c

Along [210] p2
a'=;b b = ic
Origin at x, 3x,0

Maximal non-isomorphic subgroups
I [21P31c(159) 1; 2; 3; 10; 11; 12

[2] P312(149) 1;2; 3, 4; 5, 6
[21P311(P3, 147) 1:2;3,7; 8 9
B1P112/c(C2/c,15) 1; 4; 7; 10

{[S]PIIZ/C(CZ/C, 150 1; 5 7; 11
B1P112/c(C2/c,15) 1; 6, 7; 12

IIa none

Ib [3]H31c(a =3a,b' =3b)(P3cl, 165); [3]R3c(@ =a—b,b' =a+2b,¢ = 3c) (167);
[3]1R3c(a’=2a+b,b=—a+Db,c’=3c¢)(167)

Maximal isomorphic subgroups of lowest index

IIc [3]1P31c(c =3¢)(163); [4] P31c(a =2a,b' = 2b) (163)

Minimal non-isomorphic supergroups
I [21 P6/mcc(192); [2] P6,/mmc (194)
II [31H31c(P3c1,165); [21 P31m (¢ = i¢)(162)
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International Tables for Crystallography (2006). Vol. A, Space group 164, pp. 540-541.

— 3 _
P 3 m 1 D3d 3ml Trigonal
No. 164 P 3 2 / m 1 Patterson symmetry P3m 1

\/
AT
‘_:\o,// ~ l/ \l
LR
WL

Origin at centre (3m1)

Asymmetric unit 0<x<?% 0<y<i; 0<z<1; x<(1+4y)/2; y<x/2
Vertices 0,0,0 10,0 %10
0,0,1 30,1 %51
Symmetry operations
(H 1 (2) 37 0,0,z 3) 3 0,0,z
4 2 x,x,0 (5) 2 x,0,0 6) 2 0,0
7 1 0,0,0 (8) 3* 0,0,z; 0,0,0 (9) 37 0,0,z; 0,0,0
(10) m x,%,z (11) m x,2x,z (12) m 2x,x,z

Copyright © 2006 International Union of Crystallography 540
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CONTINUED

No. 164 P3ml

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

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

12 j 1 (1) x,y,z
) y,x,2
(7 %,5,2
(10) y,x,z
6 i .m. X, X,
6 h .2. x,0,3
6 2. x,0,0
3 f .2/m 5,0, 3
3 e .2/m 3,0,0
2 d 3m 1,3z
2 ¢ 3m. 0,0,z
1 b 3m. 0,0,3
1 a 3m. 0,0,0

Symmetry of special projections

Along [001] p6mm
a=a b'=b
Origin at 0,0,z

Coordinates
(2) )_]7x_y7z (3) )E+y>-faz
(5)xfy,)7,Z (6) f,f+y,z
(8) y,)?er,Z (9))5*)’7%2
(11) eryay’Z (12) X, X—Y,Z
X,2X,2 2X%,%,7 X,x,Z
O7x’% x’f7% x’()?%
0,x,0 x,%,0 x%,0,0
0,3,3 31313
07%’0 %’%70
55,2
0,0,7z
Along [100] p2
a = i(a+2b) b =c

Origin at x,0,0

Maximal non-isomorphic subgroups

I [21P3m1 (156)
[21 P321(150)
[21P311(P3, 147)
[31P12/m1(C2/m, 12)
{[3] P12/m1(C2/m, 12)
[31P12/m1(C2/m, 12)

IIa none

1; 2; 3; 10; 11; 12

1; 2; 3; 4, 5,6
1; 2; 3; 7; 8 9
1; 4; 7; 10
1, 5, 7; 11
1; 6; 7; 12

il il ’

Reflection conditions

General:

no conditions

Special: no extra conditions

2x,%,7 X,2%,7
=1 1

O,.X', 2 Xy X5 3

0,x,0 x,x,0

Along [210] p2mm
a=;b b =c
Origin at x, 1x,0

IIb [2]P3cl (¢ =2¢)(165); [3] H3m1 (a = 3a,b =3b) (P31m, 162)

Maximal isomorphic subgroups of lowest index
IIc  [2]1P3ml (¢ =2c¢)(164); [4] P3m] (a' =2a,b = 2b) (164)

Minimal non-isomorphic supergroups
I [21P6/mmm(191); [2] P6,/mmc (194)
I [31H3m1 (P31m, 162); [3] R3m (obverse) (166); [3] R3m (reverse) (166)
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International Tables for Crystallography (2006). Vol. A, Space group 165, pp. 542-543.

— 4 _
P 3 C 1 D3d 3ml Trigonal
No. 165 P 3 2 / C 1 Patterson symmetry P3m 1

Origin at centre (3) at 3¢

Asymmetric unit 0<x<3 0<y<i 0<z<iy x<(Il+y)/2; y<min(l—x,(1+x)/2)
Vertices 0,0,0 3,0,0 %:,0 4,30 0,30
0707i %’0’% %7%7% %’%7% 07%’%
Symmetry operations
(H1 (2) 37 0,0,z (3) 37 0,0,z
® 2 xx; ()2 x,0,3 6) 2 0,3
(7) 1 0,0,0 (8) 37 0,0,z; 0,0,0 9 3 0,0,z; 0,0,0
10) ¢ x,x,z 11) ¢ x,2x,z (12) ¢ 2x,x,z
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CONTINUED

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

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

12 8 1 (1) X, Y2 (2) .)_)axiyaz (3)f+y7xvz
(4) y7x72+% (S)X_)%)_%Z‘i‘% (6) )@f‘f'%z‘f'%
(7) 27)772 (8) y7i+y7z (9)x_yax7z
(10) }7>X7Z+% (11))54')’7)’724‘% (12) x>x_y>Z+%
6 f 2 x707% 07x7% f?‘f7% 2707%
6 e I %7070 07%70 %7%’0 07%7%
4 d 3 52 L5t 552 55t
4 ¢ 3 0,0,z 0,0,z2+3 0,0,z 0,0,z+ 3
2 b 3. 0,0,0 0,0, 5
2 a 32. 0,0, ; 0,0,2
Symmetry of special projections
Along [001] p6mm Along [100] p2
a=a b =b a’ = i(a+2b) b =1lc
Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups

I [21P3c1(158) 1; 2; 3; 10; 11; 12
[21 P321(150) 1; 2; 3; 4,5, 6
[21P311(P3, 147) 1;2; 3,7, 8,9
[3]1P12/c1(C2/c,15) 1; 4; 7; 10

{[3]P12/c1(C2/c, 15 1;5;7; 11
[31P12/c1(C2/c,15) 1; 6; T; 12

IIa none
IIb [3]H3cl(a =3a,b =3b)(P31c, 163)

Maximal isomorphic subgroups of lowest index
IIc  [3]P3cl1 (¢ =3c)(165); [4] P3c1(a’ =2a,b' = 2b) (165)

Minimal non-isomorphic supergroups
I [2]1 P6/mcc(192); [2] P6,/mcm (193)

No. 165 P3cl

Reflection conditions

General:
hhOl : [ =2n
000! : I=2n

Special: as above, plus

X, X, 3 no extra conditions
L hkil : 1=12n
hkil : [=2n
hkil : [=2n
hkil : [=2n
hkil : [=2n

Along [210] p2gm
a=;b b =c
Origin at x, 3x,0

II  [3]1H3cl(P31c, 163); [3] R3¢ (obverse) (167); [3] R3¢ (reverse) (167); [2] P3m 1 (¢ = Le) (164)
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CONTINUED

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

(1 1

@ 2 x,x,0

M 1 0,0,0

(10) m x,%,z

(2) 3+ 0,0,z
(5) 2 x,0,0
(8) 3* 0,0,z; 0,0,0
(11) m x,2x,z

(2) 3+(0a0a%) %,%,Z
(5) 2(%707 ) x7é>é
(8) 3" %aiéaZ; %77%%
(1) g(5:5,5) x+1,2xz2

No. 166

3) 3 0,0,z
6) 2 0,50
(9) 3- 0,0,z; 0,0,0
(12) m 2x,x,z

Positions
Multiplicity, Coordinates
Wyckoff letter, L L
Site symmetry (0a0a0)+ (5a§75)+ (§7§a§)+
36 i 1 (])x>y7Z (2) )_)ax_yaz (3) f+y>-faz
(4) yax72 (5))5_)’7)772 (6) J@X‘F%Z
(7) )E,)_),Z (8) y7f+y72 (9)x_yax72
(10) )77X7Z (11) )?er,y,z (12) X, X—=Y2
18 h .m X,%,7 X,2x,7 2X%,X%,2 X,x,7 2X,X,7 X,2%,7
18 8 2 x707% O,X,% frfa% 2707% Oafa% -xax7%
18 f .2 x,0,0 0,x,0 x,%,0 x,0,0 0,%,0 x,x,0
9 e .2/m 3,0,0 0,3,0 33,0
9 d .2/m 3,0, 3 0,3,5 31153
6 ¢ 3m 0,0,z 0,0,z
3 b 3m 0,0,
3 a 3m 0,0,0
Symmetry of special projections
Along [001] p6mm Along [100] p2
a’ =1i(2a+bh) b =i(—a+Db) a'=j(a+2b) b =1i(—a—2b+c)
Origin at 0,0,z Origin at x,0,0
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Reflection conditions

General:

hkil : —h+k+1=3n
hki0 : —h+k=73n
hh2hl: 1 =3n

hhOl : h+1=73n
000! : I=3n

hh00 : h=3n

Special: no extra conditions

Along [210] p2mm
a=:b b = jc
Origin at x, 3x,0



R3m No. 166

HEXAGONAL AXES

Maximal non-isomorphic subgroups

I [2]R3m(160) (1; 2; 3; 10; 11; 12)+
[21R32(155) (1; 2; 3; 4 5; 6)+
[21R31 (R3, 148) (1; 2; 3; 7 8 9)+
B1R12/m(C2/m, 12) (1; 4; 7; 10)+
{[S]RIZ/m(CZ/m, 12)  (1;5; 7; 1)+
B1R12/m(C2/m, 12) (1; 6; 7; 12)+
a ([31P3ml(164) 1;2; 3, 4; 5,6, 7; 8 9; 10; 11; 12
[31P3m1(164) 1;2; 3; 10; 11; 125 (4 5, 6; 73 8; 9)+ (2,4, 1)
[3]1P3m1 (164) 15 2; 3, 10; 115 125 (45 5; 6, 75 8; 9)+ (5,3, 3)

IIb [2]R3c(a = —a,b = —b,¢ =2¢)(167)

Maximal isomorphic subgroups of lowest index
IIc [2]R3m(a = —a,b' = —b,¢ =2¢)(166); [4] R3m (a' = —2a,b' = —2b) (166)

Minimal non-isomorphic supergroups
I [4]1 Pm3m (221); [4] Pn3m (224); [4] F m3m (225); [4] F d3m (227); [4] Im3m (229)
II [31P31m(a = (2a+b),b'=i(—a+b),¢ = ic)(162)

CONTINUED

RHOMBOHEDRAL AXES

Maximal non-isomorphic subgroups

I [21R3m (160) 1; 2; 3; 10; 11; 12
[21R32(155) 1; 2; 3; 4, 5; 6
[21R31 (R3, 148) 1; 2;3;7: 8, 9
BIR12/m(C2/m,12) 1; 4; 7; 10

{[3]R12/m(C2/m, 12) 1,5 7; 11
[B1R12/m(C2/m, 12) 1; 6; 7; 12

IIa none
b [2]F3c(a =2a,b =2b,¢ =2¢)(R3c, 167); [3]P3ml(@=a—bb =b—c,c=a+b+c)(164)

Maximal isomorphic subgroups of lowest index
IIc [2]R3m(a=b+c,b=a+c,c=a+b)(166);[4]R3m(@ =—-a+b+c,b=a—b+c,c=a+b—c)(166)

Minimal non-isomorphic supergroups
I [4]1 Pm3m (221); [4] Pn3m (224); [4] Fm3m (225); [4] F d3m (227); [4] Im3m (229)
I  [3]P31m(a =4i(2a—b—c),b=1i(—a+2b—c),¢=1i(a+b+c))(162)
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— 5 ~
Trigonal 3m D3d R3m
Patterson symmetry R 3m R 3 2 / m NO. 166

RHOMBOHEDRAL AXES

(For drawings see hexagonal axes)
Origin at centre (3m)

Asymmetricunit 0<x<1; 0<y<1l; 0<z<} y<x z<min(y1—x)
Vertices 0,0,0 1,0,0 1,1,0 4,3,

Symmetry operations

(H 1 ) 3% x,x,x 3) 3 x,x,x
4) 2 x0,x (%) 2 x,x,0 6) 2 0,5y
(71 0,0,0 ®) 3* x,x,x; 0,0,0 9 3 x,x,x; 0,0,0
(10) m x,y,x (1) m x,x,z (12) m x,y,y

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
12 i 1 D) x,y,z (2) z,x,y 3) y,z,x no conditions
4) z,y,% (5) y,%,2 (6) x,z,y
(7) %,5,Z (8) z,%,y ) y,z,x
(10) z,y,x a1 yx,z (12) x,z,y
Special: no extra conditions
6 h .m X,X,Z Z,X,X X,2,X 7,X,X XX,z X,Z,x
6 2 x?‘f7% %7x7‘f X’%?‘x ‘f’x7% %7‘f’x x?%’i
6 f 2 x,%,0 0,x,x %,0,x x%,x,0 0,%,x x,0,%
3 e .2/m 0,3,z 3,0,3 3,1,0
3 d .2/m 1,0,0 0,1,0 0,0,1
2 ¢ 3m X, X, X X, x,x
1 b 3m IETS
1 a 3m 0,0,0
Symmetry of special projections
Along [111] p6mm Along [110] p2 Along [211] p2mm
a=12a—-b-c¢) b =4i(-a+2b—c) a=ji(a+b-2c) b =c a=1%4b-c) b'=3i(a+b+c)
Origin at x,x,x Origin at x,x,0 Origin at 2x, %, X

(Continued on preceding page)
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International Tables for Crystallography (2006). Vol. A, Space group 167, pp. 548-551.

R3c

Trigonal

3d

Patterson symmetry R3m

R32/c

No. 167
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Origin at centre (3) at 3¢

0

Asymmetric unit

0,0,0

Vertices
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CONTINUED

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

(1) 1 (2) 3* 0,0,z

4 2 xx; (5) 2 x,0,7

71 0,0,0 (8) 3* 0,0,z; 0,0,0
(10) ¢ x,%,z (11) ¢ x,2x,z

For (3,1, 1)+ set

(1) 1(3,5,5) (2) 37(0,0,5) 5,5,z
(4) g(%7%70) x7x_é7% (5) g(%7070) x7é7%
(7) 1 %a%?é (8) 3" %aiéaZ; %77%%
(10) g(5,—5,2) x+3.%2 (1) g(5,53) x+3,2x2
For (5,3,3)+ set

(1) (5,3,3) (2) 3(0,0,3) 0,5,z
4) 2(,5,0) xx+5 5 5)2 x3,%

(D1 5455 (8) 3" 3,52 553
(10) g(_7177é7é) x+%7-x7z (11) g(%7%7%

No. 167

3) 3 0,0,z
6) 2 0,y,5
(9) 3- 0,0,z; 0,0,0
(12) ¢ 2x,x,z

1

3
©) 2 53
) 3 5,55 1,55
(12) g(3,5,5) 2xx,z2

(3) 3(0,0,5) 4,52
(6) 2(0,5,0) &y %
)3 —555 =3
(12) g(5,5:5) 2x—3

Positions

Multiplicity, Coordinates

Wyckoff letter, L L
Site symmetry (0a0a0)+ (5a§75)+ (§7§a§)+

36 f 1 (])x>y7Z (2) )_)ax_yaz (3)f+ya-faz

(4) yax>z+% (5))5_)’7)7724‘% (6) )@f‘f'%z‘f'%

(7) f>yaz (8) y7f+)’>z (9)x_yax7z

(10) y,%,z+ 3 D X+yyz+3 (12) x,x—y,z+3
13 e 2 ana % vaa % Xaia % Xvoa % O,JE, % Xy X5 7
18 d 1 3,0,0 0,,0 1,1,0 0,3,5 3,0,3 e
12 ¢ 3. 0,0,7 0,0,7+ 1 0,0,7 0,0,7+1
6 b 3. 0,0,0 0,0,!
6 a 32 0,0, 0,0,2

Symmetry of special projections
Along [001] p6mm

a =1(2a+b) b =1i(—a+Db)
Origin at 0,0,z

Along [100] p2
a’'=1i(2a+4b+c)
Origin at x,0,0

b =i(—a—2b+c)

=

549

Reflection conditions

General:

hkil : —h+k+1=3n
hki0 : —h+k=73n
hh2hl: 1 =3n

hhOl : h+1=3n, | =2n
000! : [=6n

hh00 : h=3n

Special: as above, plus

no extra conditions

hkil : 1=2n
hkil : 1=2n
hkil : 1=2n
hkil : 1 =2n

Along [210] p2gm
a=1b b' = 1ic
Origin at x, 3x,0



R3c No. 167 CONTINUED

HEXAGONAL AXES

Maximal non-isomorphic subgroups

I [21R3c(161) (1; 2; 3; 10; 11; 12)+
[21R32(155) (1; 2; 3; 4, 5, 6)+
[21R31 (R3, 148) (1; 2, 3; 7; 8; 9)+
B1R12/c(C2/c,15)  (1; 4; 7; 10)+
{[S]RIZ/C(CZ/C, 150 (1; 5 7; 1)+
BIR12/c(C2/c,15) (1; 6; 7; 12)+
IMa ([3]P3c1(165) 1; 2; 3; 4, 5;6; 7; 8 9; 10; 11; 12
[3]1P3c1(165) 1;2; 3; 10; 11; 12; (4, 5; 6; 75 8; 9)+ (3,4,3)
[31P3c1(165) 1;2; 3; 10; 115 125 (45 5; 6; 7; 85 9) + (4,2, 2)

IIb none

Maximal isomorphic subgroups of lowest index
Ilc [4]R3c(a = —2a,b' = —2b)(167); [S]R3c (a' = —a,b' = —b,¢ = 5¢) (167)

Minimal non-isomorphic supergroups
I [4] Pn3n (222); [4] Pm3n (223); [4] Fm3c (226); [4] F d 3¢ (228); [4]1a3d (230)
II  [2]R3m(@a =—ab =—b,c =1c)(166); [3]P31c(a =.(2a+b),b' = {(—a+b),c = c)(163)

RHOMBOHEDRAL AXES

Maximal non-isomorphic subgroups

I [21R3c(161) 1; 2; 3; 10; 11; 12
[2IR32(155) 1; 2; 3; 4, 5; 6
[21R31(R3, 148) 1;2; 3,7, 8, 9
[31R12/c(C2/c,15) 15 4; 7; 10

{[3]R12/C(C2/c, 15 1;5; 7; 11
[31R12/c(C2/c,15) 15 6; 7; 12

IIa none
IIb [3]P3cl(@=a—b,b=b—c,c=a+b+c)(165)

Maximal isomorphic subgroups of lowest index
IIc [4]R3c¢(a=-a+b+cb=a—b+c,c=a+b—c)(167);[S]R3c(a =a+2b+2c,b=2a+b+2c,¢ =2a+2b+c)(167)

Minimal non-isomorphic supergroups
I [4] Pn3n (222); [4] Pm3n (223); [4] F m3c (226); [4] F d3c (228); [4]1a3d (230)

I [2]R3m(@a =i(—a+b+c),b'=1(a—b+c),¢=1a+b—c))(166);
[3]P31c(a@=13i(2a—b—c¢c),b=14i(—a+2b—c),c=1i(a+b+¢c))(163)
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- 6 ~
Trigonal 3m D3d R3c
Patterson symmetry R 3m R 3 2 / C NO. 1 67

RHOMBOHEDRAL AXES

(For drawings see hexagonal axes)

Origin at centre (3) at 3¢

Asymmetric unit 1<x<3; 1<y<E 1<z<? y<x; z<min(y,3 —x)
Vertices 7,55 3,505 3325 10303

Symmetry operations

(H 1 2) 3" x,x,x 3) 3 x,x,x

@) 2 F+14x (5) 2 x,%+1,4 © 2 Ly+iy

(71 0,0,0 ®) 3" x,x,x; 0,0,0 ) 3 x,x,x; 0,0,0

(10) n(3,3,3) x,y,x (D) n(3,3,3) *xz2 (12) n(3,3,3) xy,y

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
12 f 1 (1) x,y,z (2) z,x,y (3) »z,x hhl : 1 =2n

) Z+3,7+5,5+3 () y+35,8+5,2+; (6) ¥+3,2+ 35,9+ hhh: h=2n

(N x5,z (®) z,%,y ) y,z,%

(10) 2+ 5,y + 5,5+ 3 (D y+s5x+3,2+3 (12) x+3,2+3,y+3

Special: as above, plus

6 e .2 X, X+ 14 X x4 I+i1.x no extra conditions

Trthio hExtl o xthid
6 d 1 3,0,0 0,,0 0,0, 3,1,0 1,0,3 0,3,5 hkl @ h+k+1=2n
4 ¢ 3. X, X, X X+, x+3,5+1 X,X,X X+ x+ix+3 hkl ©: h+k+1=2n
2 b 3. 0,0,0 15,3 hkl : h+k+1=2n
2 a 32 %3%7% %7%7% hkl h+k+l:2n
Symmetry of special projections
Along [111] p6mm Along [110] p2 Along [211] p2gm
a=12a-b-¢) b=1%i(-a+2b—c) a=i(a+b—-2c) b =lc a=ib-—c) b =i(a+b+c)
Origin at x, x,x Origin at x, x,0 Origin at 2x,x,X

(Continued on preceding page)
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International Tables for Crystallography (2006). Vol. A, Space group 168, pp. 552-553.

P6 C61 6 Hexagonal

NO. 168 P 6 Patterson symmetry P6/m

Origin on 6
Asymmetricunit 0<x<Z% 0<y<}; 0<z<1l; x<(l14+y)/2; y<min(l—x,x)
Vertices 0,0,0 10,0 210 1,10
07071 %7071 %7%71 %7%71
Symmetry operations
(H 1 (2) 3* 0,0,z 3) 37 0,0,z
) 2 0,0,z (5) 6 0,0,z 6) 6% 0,0,z
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CONTINUED

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

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

6 d 1 (1) X, Y52 (2) )7>x_y>Z (3)-f+y>i7z
(4) )E,)_},Z (5) yaf—i_yaz (6))5_)7,va

3 ¢ 2 3,0,2 0,5,z 3,5:2

2 b 3 35,2 313:2

1 a 6 0,0,z

Symmetry of special projections

Along [001] p6 Along [100] p1m]1

a=a b=b a' = j(a+2b) b =c

Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups

| [21P3(143) 1; 2; 3
[31P2(3) 1; 4
IIa none
IIb [2] P6, (¢ =2¢)(173); [3]1 P6, (¢’ =3¢) (172); [3] P6, (¢’ =3¢) (171)

Maximal isomorphic subgroups of lowest index
IIc  [2]1P6(c =2¢)(168); [31 H6 (a’' = 3a,b’ = 3b) (P6, 163)

Minimal non-isomorphic supergroups
I [21P6/m (175); [21 P622 (177); [2]1 P6mm (183); [2] P6cc (184)
II none

553

No. 168 P6

Reflection conditions

General:

no conditions

Special: no extra conditions

Along [210] p1m]1
a=;b b =c
Origin at x, 3x,0



International Tables for Crystallography (2006). Vol. A, Space group 169, p. 554.

P6, C:

No. 169 Po6,

6

Hexagonal

Patterson symmetry P6/m

ot y o3

AN

/6 N 9\ /9
——R

Origin on 6,
Asymmetric unit 0<x<1; 0<y<Il; 0<z<;
Vertices 0,0,0 1,0,0 1,1,0 0,1,0
0,0,5 1,0,5 1,1,z 0,15

Symmetry operations

(1) 1 3) 0,0,
(4) 2(0,0,3) 0,0,z (5) 6(0,0,3) 0,0,

Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (4)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

6 a |1 (D) x,y,z (2) ¥, x—y,z+71 () ¥+y,X%,z+3
(4) fa)_%Z‘i‘% (5) yaf—i_yaz—’—% (6)x_yax7z+%

Symmetry of special projections

Along [001] p6 Along [100] p1g1

a=a b =b a' =ji(a+2b) b =c

Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups

I [2]P3,(144) 1;2; 3
[31P2,(4) 1; 4

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc [3]H6, (a =3a,b’ =3b) (P6,, 169); [5]1 P6, (¢ = 5¢) (170); [7T]1 P6, (¢ = Tc) (169)

Minimal non-isomorphic supergroups
I (2] P6,22(178)
I [2]1P6,(c = te)(171); [3] P6, (¢

;0) (173)
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Reflection conditions

General:

000! : I=6n

Along [210] plgl
a =;b b =c
Origin at x, 3x,0


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o169/

International Tables for Crystallography (2006). Vol. A, Space group 170, p. 555.

Hexagonal 6

Patterson symmetry P6/m

* y *

/N A/

Nt
/AN
%

Origin on 6,

Asymmetric unit 0<x<1; 0<y<lI; 0<z<}
Vertices 0,0,0 1,0,0 1,1,0 0,1,0
0707% ]707é ]7 7% 07]7é

Symmetry operations

(1) 1 (2) 3°(0,0,%)
(4) 2(0,0,5) 0,0,z 0,0,3

Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (4)

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

6 a 1 D x,y,z
@) %,9,z2+3

() x+y,X,z+3
(6) x—y,x,z2+¢

Q) y,x—y,z+3
5) »xE+y,z+3

Symmetry of special projections
Along [001] p6

a=a b'=b

Origin at 0,0,z

Along [100] p1g1
a’' = i(a+2b) b=c
Origin at x,0,0

Maximal non-isomorphic subgroups

I [21P3,(145) 1; 2; 3
[31P2,(4) 1; 4

IIa none
IIb none

Maximal isomorphic subgroups of lowest index

Reflection conditions

General:

000! : I=6n

Along [210] p1g1
a=1ib b =c
Origin at x, 3x,0

Ilc [3]1H6, (a =3a,b = 3b) (P6,, 170); [S] P6, (¢ = 5¢c) (169); [7] P6, (¢ = Tc)(170)

Minimal non-isomorphic supergroups
I [2] P6.22(179)
Il [2]P6,(c = Lte)(172); [3] P6, (¢ = ic) (173)
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International Tables for Crystallography (2006). Vol. A, Space group 171, p. 556.

P6, C;

No. 171 Po6,

N/
Y

[ 2

Origin on 2 on 6,
Asymmetricunit 0<x<1; 0<y<l1; 0<z<l!l; y<x

Vertices 0,0,0 1,0,0 1,1,0
0707% ]707% ]7 7%

Symmetry operations

(1 (2) 37(0,0,3)
4) 2 0,0,z 0,0,2

Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (4)

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

6 ¢ 1 (1) x,y,2 @) yx—y,z+3 (3) X+y,%,z+3
4) 5,5,z (5) y,X+y,z+3 (6) x—y,x,2+3

3 b 2 5,5,2 5,0,2+ 3 0,5,2+3

3 a 2.. 0,0,z 0,0,z+3 0,0,z+1

Symmetry of special projections
Along [001] p6

a=a b'=b

Origin at 0,0,z

Along [100] p1m]1
a’ = j(a+2b) b=c¢
Origin at x,0,0

Maximal non-isomorphic subgroups

| [21P3,(145) 1;2;3 IIa none

6 Hexagonal

Patterson symmetry P6/m

Reflection conditions

General:

000! : I=3n

Special: as above, plus

hkil : h=2n+1
or k=2n+1
or [=3n

hkil : 1=3n

Along [210] p1m]1
a=;b b'=c
Origin at x, 1x,0

[31P2(3) L; 4 IIb [2]P6, (¢ =2¢)(169)

Maximal isomorphic subgroups of lowest index

Ic [2]P6, (¢ =2¢)(172); [31H6, (a = 3a,b' =3b) (P6,, 171); [7] P6, (¢ = T¢) (171)

Minimal non-isomorphic supergroups
I [2] P6,22(180)
I [31P6 (¢ = 3¢) (168)
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International Tables for Crystallography (2006). Vol. A, Space group 172, p. 557.

Hexagonal 6

Patterson symmetry P6/m

¢

/\A/
/‘\/

Origin on 2 on 6,

Asymmetricunit 0<x<1; 0<y<1l; 0<z<} y<x
Vertices 0,0,0 1,0,0 1,1,0
0707% ]707% ]7]7:15
Symmetry operations
(1 (2) 3(0,0,5) 0,0,z (3) 37(0,0,5) 0,0,z
“ 2 0,0,z (5) 6(0,0,5) 0,0,z (6) 67(0,0,3) 0,0,z
Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (4)
Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
6 ¢ 1 (1) x,y,z () yox—y,z+3 (3) X+y,%,z+3
COR N &) y.xX+y,z+35 (6) x—y,x,z+3
3.b 2 31,2 50,2+ 3 0,5,2+3
3 a 2 0,0,z 0,0,z+1 0,0,z+3

Symmetry of special projections

Along [001] p6 Along [100] p1m]1

Reflection conditions

General:

000! : I=3n

Special: as above, plus

hkil : h=2n+1
or k=2n+1

or [=3n

hkil : 1=3n

Along [210] p1m]1
a=;b b'=c
Origin at x, 1x,0

a=a b =b a’ = j(a+2b) b =c
Origin at 0,0,z Origin at x,0,0
Maximal non-isomorphic subgroups
| [21P3,(144) 1;2; 3 IIa none
[31P2(3) 1; 4 IIb [2]P6, (¢ =2¢)(170)

Maximal isomorphic subgroups of lowest index
Ilc  [2]P6,(c =2¢)(171); [3]H6, (@ = 3a,b' = 3b) (P6,, 172); [7] P6, (¢ = Tc) (172)

Minimal non-isomorphic supergroups
I (2] P6,22(181)
II  [3]1P6(c = ic)(168)
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International Tables for Crystallography (2006). Vol. A, Space group 173, pp. 558-559.

P 63 C66 6 Hexagonal

P 63 Patterson symmetry P6/m

No. 173

Origin on 3 on 6,

Asymmetric unit 0<x<3 0<y<3 0<z<j3 x<(1+y)/2; y<min(l—x,(1+x)/2)
Vertices 0,0,0 1,0,0 %10 120 0,40
0,0, 50,5 3535 5535 0,53
Symmetry operations
() 1 (2) 3' 0,0,z (3) 3 0,0,z
4) 2(0,0,3) 0,0,z (5) 6(0,0,3) 0,0,z (6) 67(0,0,5) 0,0,z
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CONTINUED No. 173

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
6 ¢ 1 D) x,y,z 2) 7, x—y,z 3) x+y,%,z 000! : [=2n
(4) )E,)_},Z-i-% (5) y7f+y7z+% (6))5_)’7)5’1"'%
Special: as above, plus
2 b 3 5,3,2 Lzt hkil : 1=2n
or h—k=3n+1
or h—k=3n+2
2 a 3.. 0,0,z 0,0,z+3 hkil : 1=2n
Symmetry of special projections
Along [001] p6 Along [100] pl1gl Along [210] plgl
a=a b’ =b a' = j(a+2b) b=c a=1b b =c
Origin at 0,0,z Origin at x,0,0 Origin at x, 3x,0

Maximal non-isomorphic subgroups

I [2]P3(143) 1;2; 3
[31P2,(4) l; 4

IIa none
IIb [3]P6, (¢ =3¢) (170); [3]1 P6, (¢ =3¢c) (169)

Maximal isomorphic subgroups of lowest index
Ilc [3]P6,(c =3c)(173); [3] H6, (a = 3a,b’ = 3b) (P6,, 173)

Minimal non-isomorphic supergroups
I [2] P6,/m (176); [2]1 P6,22 (182); [2] P6,cm (185); [2] P6,mc (186)
I [2]1 P6 (¢ = 5¢) (168)

559

P6,



International Tables for Crystallography (2006). Vol. A, Space group 174, pp. 560-561.

P6 Ci, 6

No. 174 P6

—

Hexagonal

Patterson symmetry P6/m

/N

S S
+ +
Origin at 6
Asymmetricunit 0<x<?% 0<y<3 0<z<%y x<(14y)/2; y<min(l—=x,(1+x)/2)
Vertices 0,0,0 1,0,0 310 1,20 0,10
0,0,5 30,5 5535 5,535 0,53
Symmetry operations
(1 1 (2) 3* 0,0,z (3) 3 0,0,z

@) m x,,0 (5) 6 0,0,z 0,0,0 6) 6 0,0,z 0,0,0
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CONTINUED No. 174

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

Special: no extra conditions

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry General:

6 [ 1 1) x,y,z 2) y,x—y,z 3) x+y,%,z no conditions
(4) x7y>Z_ (5) )_]ax_yaz (6))?4‘)”)3,2

3 k m -xaya% )_]7x_y7% f+yaf7%

3 J m x7y70 )77)5—)’70 f+yafa0

2 1 3 %7 %7Z %7 %72

2 h 3 13z 313:2

2 g 3 0,0,z 0,0,z

1 f 6. TS

1 e 6.. 21,0

—_ —_
o U
N N
W= W=

(@)}

1 b

1 a

Symmetry of special projections

Along [001] p3 Along [100] p11m Along [210] p11m
a=a b =b a’ = j(a+2b) b =c a=;b b =c
Origin at 0,0,z Origin at x,0,0 Origin at x, 3x,0

Maximal non-isomorphic subgroups
I [21P3(143) 1;2; 3
[3]1 Pm (6) 1; 4
IIa none
IIb none

Maximal isomorphic subgroups of lowest index
IIc [2]P6 (¢ =2¢)(174); [3] H6 (a' = 3a,b’ = 3b) (P6, 174)

Minimal non-isomorphic supergroups
I [21 P6/m (175); [21 P6,/m (176); [2] P6m?2 (187); [2] P6c2 (188); [2] P62m (189); [2] P62 ¢ (190)
1I none
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International Tables for Crystallography (2006). Vol. A, Space group 175, pp. 562-563.

P6 / m Céh 6/m Hexagonal

No. 175 P6 / m Patterson symmetry P6/m
/ +®‘ _@ +@_ @
o 0 o
/N, e/
0 0 0
/N
o 0 o

Origin at centre (6/m)

Asymmetric unit 0<x<3; <y<i 0<z<i x<(14y)/2; y<min(l—x,x)
Vertices 0,0,0 1,0,
0

1 1 1
07075 25V 2

Symmetry operations

(1) 1 ) 3* 0,02 (3) 30,0,z
4) 2 0,0,z (5) 6- 0,0,z 6) 6' 0,0,z

7 1 0,0,0 (8) 3* 0,0,z; 0,0,0 ) 3 0,0,z 0,0,0
(10) m x,y,0 (11) 6 0,0,z 0,0,0 (12) &' 0,0,z 0,0,0
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CONTINUED

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

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

12 ) 1 (1) X, Y52 (2) )_]7x_y7z (3) )E+y>-faz
(4) )@)_HZ (5) y>f+)’>Z (6)x_yax7z
(7) )E,)_),Z (8) yj"’)’,Z (9)x_yax72

(10) X,y,z (11) yvxiyvz (12) X+y7-faz_

6 k m. -xaya% )77x7y7% .f‘i’y,.f,% fai?%

6 J m. -xayao .)_}axiyao x+y7f70 x7y70

6 [ 2 %JLZ O,LZ %%7Z %JLZ 07%2

4 h 3 %,%Z %,%Z %,%Z %732

3 2/m. 3,0,5 0,5,3 EN

3 f‘ 2/”1.. %,0,0 0,%,0 %a%vo

2 e 6 0,0,Z 07072

2 d 6 N HET

2 c 6 %a%vo %7%a0

1L b 6/m 0,0, 3

Il a 6/m.. 0,0,0

Symmetry of special projections
Along [001] p6

a=a b'=b

Origin at 0,0,z

Along [100] p2mm
a’ = j(a+2b) b =c
Origin at x,0,0

Maximal non-isomorphic subgroups

I [21P6 (174) 1; 2; 3; 10; 11; 12
[21 P6(168) 1;2; 3;4; 5, 6
[2]1 P3 (147) 1;2;3;,7; 8 9
[31P2/m(10) 1; 4; 7; 10

IIa none

IIb [2]P6,/m(c =2¢)(176)

Maximal isomorphic subgroups of lowest index
Ilc  [2]1P6/m(c =2¢)(175); [31H6/m (2’ =3a,b’

3b) (P6/m, 175)

Minimal non-isomorphic supergroups

I
IT

[2]1P6/mmm (191); [2] P6/mcc (192)
none

563

No. 175

V,X+y,3

»X+y,0

[SIE

=

A\l

Reflection conditions

General:

no conditions

Special: no extra conditions

1
X=YX 3

x—y,x,0

Along [210] p2mm
a =;b b =c
Origin at x, 3x,0



International Tables for Crystallography (2006). Vol. A, Space group 176, pp. 564-565.

P 63 / m Cgh 6/m Hexagonal

No. 176 P 63 / m Patterson symmetry P6/m

Origin at centre (3) on 6,

Asymmetric unit 0<x<3 0<y<i 0<z<i x<(1+y)/2; y<min(l—x,(1+x)/2)
Vertices 0,0,0 3,00 3,310 130 0,30
0707% %70’4]_1 %7%’41_1 %7%’% 07%74]_1
Symmetry operations
(1)1 (2) 37 0,0,z 3) 3 0,0,z
4) 2(0,0,3) 0,0,z (5) 6(0,0,3) 0,0,z (6) 6(0,0,3) 0,0,z
7 1 0,0,0 (8) 37 0,0,z 0,0,0 9 30,0,z 0,0,0
(10) m x,y, 3 (1) 6 0,0,z; 0,0,; (12) 6 0,0,z 0,0,;
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CONTINUED No. 176
Generators selected (1); 7(1,0,0); 7(0,1,0); £(0,0,1); (2); (4); (7)
Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
12 i 1 (1)x>y7Z (2))_]7x_yaz (3)X+y7faz
(4)f>)7aZ+% (5))’7)5"')’724‘% (6)x_yax7z+%
(7)27)772 (8))’7)3"')’72 (9)x_yax7z
6 h m. x7y7i yaxiyai f+yaxai xa.)_]v% y7x+y74 xfy,x,%
6 g I %7070 0?%70 %7%’0 %707% 07%7% %7%7%
4 f 3" %7§’Z %7%7Z+% %’%72 %7§7Z+%
4 e 3 0,0,z 0,0,z+1 0,0,z 0,0,743
2 d 6.. 31324 31553
2 ¢ 6. 313504 3237
2 b 3.. 0,0,0 0,0,1
2 a 6.. 0,0, 1 0,0,3

Symmetry of special projections

P6,/m

Reflection conditions

General:

000/ : I=2n

Special: as above, plus

no extra conditions
hkil : 1=2n
hkil : 1=2n
or h—k=3n+1
or h—k=3n+2
hkil : 1=2n
hkil : 1=2n
or h—k=3n+1
or h—k=3n+2
hkil : 1=2n
or h—k=3n+1
or h—k=3n+2
hkil : 1=2n

hkil : [=2n

Along [001] p6
a=a b'=b
Origin at 0,0,z

Along [100] p2gm
a' = j(a+2b)
Origin at x,0,0

Maximal non-isomorphic subgroups

I [2] P6 (174)

1; 2; 3; 10; 11; 12

b =c

Along [210] p2gm
a=3;b b =c
Origin at x, 3x,0

[2] P6,(173) 1; 2; 3,4, 5,6
[21P3 (147) 1; 2, 3,7, 8,9
[31P2,/m(11) 1; 4;7; 10

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
Ilc [3]P6,/m(c =3¢)(176); [3] H6,/m (a’ = 3a,b’' = 3b) (P6,/m, 176)

Minimal non-isomorphic supergroups
I [2] P6,/mcm (193); [2] P6,/mmc (194)
II  [21P6/m(c = i) (175)
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International Tables for Crystallography (2006). Vol. A, Space group 177, pp. 566-567.

P622 Dé 622 Hexagonal

NO. 177 P 6 2 2 Patterson symmetry P6/mmm

Origin at 622
Asymmetricunit  0<x<3% 0<y<ji 0<z<xn x<(1+y)/2; y<min(l—xx)
Vertices 0,0,0 1,0,0 33,0 1,3,0
0,0,5 3,0,5 35,5 1,53
Symmetry operations
(1)1 (2) 3+ 0,0,z 3) 30,0,z
@ 2 0,0,z ) 6 0,0,z (6) 6 0,0,z
(7 2 x,x,0 8) 2 x,0,0 9) 2 0,y,0
(10) 2 x,%,0 a1 2 x,2x,0 (12) 2 2x,x,0

Maximal isomorphic subgroups of lowest index
IIc [2]1P622(c =2¢)(177); [3]H622(a' =3a,b' =3b)(P622,177)

Minimal non-isomorphic supergroups
I [21 P6/mmm (191); [2] P6/mcc (192)
I none
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CONTINUED No. 177 P622

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
12 n 1 (1) x,y,z (2) y,x—yz (3) X+y,%,z no conditions
(4) fn)_)az (5) y7x+yvz (6)x7y7xvz
(7) y7x7z (8))6'*_)7,_)_7,2 (9) f,f+y,z
(10) )7»3772_ (11) ery’va_ (12) X,.X*y,z
Special: no extra conditions
6 m 2 ‘x’ f? % x? Zx’ % 2_’ i? % 'f7‘x’ % 'f? 2'x7 % 2‘x7'x7 %
6 [ ..2 x,%,0 x,2x,0 2x,%,0 X,x,0 x,2x,0 2x,x,0
6 k '2' x’07% 07‘x’% ‘f’f7% f707% 07'27% x?‘x7%
6 j 2 x,0,0 0,x,0 x,x,0 x,0,0 0,x,0 x,x,0
6 l 2 %707Z O’Z’Z %’%7Z 07%’2 %7072 %’%72
4 h 3 552 552 TR I 552
3 g 222 3,05 0,5,5 N
3 f 222 3,0,0 0,5,0 3,3,0
2 e 6.. 0,0,z 0,0,z
2 d 3.2 HET N
2 ¢ 3.2 55,0 55,0
1 b 622 0,0,1
1 a 622 0,0,0
Symmetry of special projections
Along [001] p6mm Along [100] p2mm Along [210] p2mm
a=a b =b a' = i(a+2b) b=c a=;b b=c
Origin at 0,0,z Origin at x,0,0 Origin at x, 1x,0

Maximal non-isomorphic subgroups
I [21P611 (P6, 168) 1; 2; 3; 4, 5; 6

[2]1 P321(150) 1; 2; 3; 7; 8 9
[21P312(149) 1; 2; 3; 10; 11; 12
[31P222(C222,21) 1; 4; 7, 10
{[3]P222(C222,21) 1; 4; 8; 11
[31P222(C222,21) 1; 4;9; 12

IIa none
Ib  [2]P6,22(c = 2¢)(182); [3] P6,22 (¢ = 3¢) (181); [3] P6,22 (¢’ = 3¢) (180)

(Continued on preceding page)
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International Tables for Crystallography (2006). Vol. A, Space group 178, pp. 568-569.

P 61 22 Dé 622 Hexagonal

NO. 178 P 6122 Patterson symmetry P6/mmm
lgé sﬁlgé srlfl%% i
lz}\#,ﬁ | z,:\;,i,rz } z\\#,:nl
1 dsar NP
;e R
PN ’ A 9/5?*%6
LN 1
1 s NS
%4‘5 A_ \llzi\%%
N Lo

Origin on 2[100] at 6, (2,1,1) 1

Asymmetric unit 0<x<1; 0<y<l; 0<z<3$
Vertices 0,0,0 1,0,0 1,1,0 0,1,0
0,0, 1,0,z 1,1,z 01,5

Symmetry operations

(H 1 (2) 3%(0,0,5) 0,0,z (3) 3°(0,0,%) 0,0,z
(4) 2(0,0,4) 0,0,z (5) 6 (0.0.%) 0.0,z ©6) 6°(0.0,1) 0.0,
(7) 2 x,x,5 () 2 x0,0 9 2 0,3

(10) 2 x,%,3 (11) 2 x,2x,3 (12) 2 2x,x, %
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CONTINUED

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

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
12 Cc 1 (1) X, )2 (2) _)_),Xfy,z+% (3)f+y7xvz+%
(4) )@)_HZ‘F% (5) y7f+y72+% (6)x_yax7z+é
(7) yax7z+% (S)xfy,)_),Z (9) f,f+y,z+%
(10) )77-faz_+g (ll)ery,y,ZJr% (12) X,X*y,Z‘i’é
6 b 2 x,2x, 1 2%, %, & X, X, 11 x,2%,3 2X,X, 5
6 a 2 x>070 07)(7,% 27)27% 2707% Oaf7%

Symmetry of special projections
Along [001] p6mm

a=a b'=b

Origin at 0,0,z

Along [100] p2gm
a' = j(a+2b)
Origin at x,0,0

b =c

Maximal non-isomorphic subgroups
I [2]1P6,11(P6,, 169) 1; 2; 3; 4, 5; 6

[21P3.21(152) 1;2:3: 7.8 9
[21P3,12(151) 1; 2; 3: 10; 11; 12
[3]1P2,22(C222,,20) 1; 4; 7; 10
{[3]P2122(C2221,20) 1; 4; 8 11
[31P2,22(C222,,20) 1; 4; 9; 12
IIa none
IIb none

Maximal isomorphic subgroups of lowest index

No. 178

1
X, X5 5

P6,22

Reflection conditions

General:

000! : I=6n

Special: as above, plus

El hh2hl: | =2n
or [=3n+1
or [=3n+2

hhOl : 1=2n
or [=3n+1
or [=3n+2

Along [210] p2gm
a=:b b =c
Origin at x, 3 x, 15

IIe [3]H6,22(a’=3a,b’ =3b)(P6,22, 178); [S]P6,22 (¢’ = 5¢) (179); [T1P6,22 (¢’ =Tc) (178)

Minimal non-isomorphic supergroups
I none
II [2]1P6,22 (¢ = 3¢) (180); [3]1 P6,22 (¢’ = 3¢) (182)
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P6;22 D;

No. 179 P6,22
S S S S
in 12l§|2 112%
l%:;gf,ﬁh\\;,i,ﬁf%\
1 61/

%
1 h
1“:_3‘9 § <
%6l/ _A ‘\ 1
Y g4t
Lo I
~ o123
R T Ny ]
6 o N VAN o 2N 6
FASHETISH I
23 B B3 B 73

Origin on 2[100] at 6, (2,1,1)1

Asymmetric unit 0<x<1; 0<y<I; 0<z<
Vertices 0,0,0 1,0,0 1,1,0 0,1,0
0707% 1707% 17 7% 0717%

Symmetry operations

(1) 1 (2) 37(0,0,3) 0,0,z
(4) 2(0,0,5) 0,0,z (5) 6°(0,0,5) 0,0,z
7 2 xx,} (8) 2 x,0,0
(10) 2 x,% & (11) 2 x,2x,}

Copyright © 2006 International Union of Crystallography
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CONTINUED No. 179 P6,22

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
12 ¢ 1 (1) x,y,z ) y,x—y,z+}% 3) x+y,%,z+3 000! : I =6n
(4) )@)_HZ‘F% (5) y7f+y72+é (6)x_yax7z+%
(7) yax7z+% (S)xfy,)_),Z (9) f,f‘l’y,Z‘i’%
(10) )77-faz_+é (ll)ery,y,ZJr% (12) X,.X'*_)@Z‘i’%
Special: as above, plus
6 b ..2 x,2x, 3 2%,%, 5 X% 5 X,2%, 1 2x,x, 1 x5 hh2hl: | =2n
or [=3n+1
or [=3n+2
6 a .2. x,0,0 0,x,3 X%, 3 x,0,1 0,%,+ X, X, 2 hhOl : [ =2n
or [ =3n+1
or [ =3n+2
Symmetry of special projections
Along [001] p6mm Along [100] p2gm Along [210] p2gm
a=a b =b a’ = i(a+2b) b =c a=1b b =c
Origin at 0,0,z Origin at x,0,0 Origin at x, 3x, 3

Maximal non-isomorphic subgroups

I [2]1P6,11(P6,, 170) 1; 2; 3; 4,5, 6
[2]1P3,21(154) 02,3, 7, 8,9

1; 2
[21P3,12(153) 1; 2; 3; 10; 11; 12
[31P2,22(C222,,20) 1; 4; 7; 10
{[3]P2122(C2221,20) 1; 4; 8; 11
[31P2,22(C222,,20) 1; 4; 9; 12
IIa none
IIb none

Maximal isomorphic subgroups of lowest index
IIe [3]H6,22(a’ =3a,b’ =3b)(P6,22, 179); [5]1P6,22 (¢’ = 5¢) (178); [71P6,22 (¢’ =Tc) (179)

Minimal non-isomorphic supergroups
I none
II  [2]1P6,22(c = L) (181); [3] P6,22 (¢ = c) (182)
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International Tables for Crystallography (2006). Vol. A, Space group 180, pp. 572-573.

P6,22

No. 180 P6,22
XA
A QA3 2.3
e e e 2Q
I AR
3\'% A 1\6~ 3
=0 ' <
3 %{

Origin at 222 at 6,(2,1,1)(1,2,1)

Asymmetric unit 0<x<1; 0<y<I;
Vertices 0,0,0 1,0,0 1,1,0
0707é ]707% ]7 7%
Symmetry operations
(1 1 (2) 3'(0,0,3) 0,0,z
4 2 0,0,z (5) 67(0,0,3) 0,0,z
(7 2 x,x,5 (8) 2 x,0,0
(10) 2 x,%,1 (11) 2 x,2x,0
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CONTINUED No. 180 P6,22

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

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry General:

12 k 1 (1) x,y,z ) y,x—y,z+}% 3) x+y,%,z+3 000! : I=3n

(4) f?.)_)az (5) y,ery,ZJr% (6) xiyvxvz+%
(7) yax7z+§ (8) .X'*y,_)—),z (9) f,f+y,z+%
Special: as above, plus

6 2 x,2x, % 2%,%, ¢ X, X, 3 X,2%,3 2X,X, ¢ X,x, 3 no extra conditions

6 i 2 x,2x,0 2%,%, 3 X, %, % x,2%,0 2x,x, 3 XX, 3 no extra conditions

6 h 2 x,0, 3 0,x,3 XX, 2 x,0,3 0,%,¢ X, X, 3 no extra conditions

6 2 x,0,0 0,x,3 X,%, 3 x,0,0 0,%, 3 X,X, % no extra conditions

6 f 2. 3,0,2 0,5,243 5,5,2+3 0,7,243 5,0,2 55,2+5  hkil : h=2n+1
or k=2n+1
or [ =3n

6 e 2.. 0,0,z 0,0,z+2 0,0,z+1 0,0,7+3 0,0,z 0,0,7+ 1 hkil : 1=3n

3 d 222 1,0,1 0,1,1 1v3,3 hkil : h=2n+1
or k=2n+1
or [ =3n

3 ¢ 222 3,0,0 0,42 13,3 hkil : h=2n+1
or k=2n+1
or [ =3n

3 b 222 0,0,3 0,0, 0,0,2 hkil : 1=3n

3 a 222 0,0,0 0,0,2 0,0, hkil : 1=3n

Symmetry of special projections
Along [001] p6mm

a=a b'=b

Origin at 0,0,z

Along [100] p2mm
a = j(a+2b) b =c
Origin at x,0,0

Along [210] p2mm
a=;b b=c
Origin at x, 1x, &

Maximal non-isomorphic subgroups

I [21P6,11(P6,,171) 15 2; 3; 4; 5,6
[21 P3,21(154) 1;2;3,7, 8,9
[2]1 P3,12(153) 1; 2; 3; 10; 11; 12
[31P222(C222,21) 1; 4; 7; 10
{[3]P222(C222,21) 1; 4; 8; 11
[31P222(C222,21) 1; 4;9; 12

IIa
IIb

none
[2] P6,22 (¢ = 2¢) (178)

Maximal isomorphic subgroups of lowest index
Ilc [2]P6,22(c =2¢)(181); [3] H6,22 (a' = 3a,b’' = 3b) (P6,22, 180); [7] P6,22 (¢ = 7¢) (180)

Minimal non-isomorphic supergroups
I none
I [31P622 (¢ = 3¢) (177)
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P 64 22 Dg 622 Hexagonal

NO. 181 P 6422 Patterson symmetry P6/mmm
SRR
1 M Qe \“’:_:ﬂ
3;)‘ . \‘\ 3
1 \16 l“l
G\P A— A 6
=4 ' <
3 3
1 ~$ /A— l‘\l
6 4 l{ 6
\\’ pd
T}

Origin at 222 at 6,(2,1,1)(1,2,1)

Asymmetric unit 0<x<1; 0<y<l; 0<z<} y<x
Vertices 0,0,0 1,0,0 1,1,0
0707% ]707é ]7]7é

Symmetry operations

(11 (2) 37(0,0,5) 0,0,z (3) 37(0,0,3) 0,0,z
4 2 0,0,z (5) 6°(0,0,5) 0,0,z (6) 67(0,0,3) 0,0,z
(7) 2 x,x5 8 2 x0,0 9 2 0,y
(10) 2 x,%,1 (11) 2 x,2x,0 (12) 2 2x,x,t
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Reflection conditions

Special: as above, plus

[=13n

no extra conditions

no extra conditions

no extra conditions

no extra conditions

ch=2n+1

k=2n+1
[=3n

:1=3n

:h=2n+1

k=2n+1
[=13n

ch=2n+1

k=2n+1
[=3n

:1=3n

CONTINUED No. 181

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

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry General:

12 k 1 (1) x,y,z )y, x—y,z+3 B) x+y,xz+3 000! :

(4)f7)7az (5)y,f+y,z+% (6)x7y7xvz+§
(7)yax7z+% (S)xfy,)_),Z (9)f,f+y,z+%

6 .] 2 x’ 2x7 % 2i7‘f? % x?‘f? % f? 2x7 % 2‘x7'x7 % x? %

6 i 2 x,2x,0 2%,%, % X, X, 3 x,2%,0 2X,X, % X,x, 3

6 h 2 ‘x707% O7x’?_‘l i?‘f’(l_‘l i707% 07'27% x?‘x7é

6 2 ‘x7070 07'x7% ‘f"f?% 'f7070 07'27% x?‘x7§

6 f 2 %70’Z 07%7Z+% %7%’Z+§ 07%’2—’—% %’072 %7%’2—*—% hkil
or
or

6 e 2 0,0,z 0,0,z+ 1 0,0,z+3 0,0,7+1 0,0,z 0,0,z+ 32 hkil

3 . d 222 2,0,3 0,3,% 31218 hkil
or
or

3 ¢ 222 7,0,0 0,3,3 21255 hkil
or
or

3 b 222 0,0,3 0,0,2 0,0, hkil

3 a 222 0,0,0 0,0, 0,0, 3 hkil

Symmetry of special projections
Along [001] p6mm

a=a b'=b

Origin at 0,0,z

Along [100] p2mm
a = j(a+2b) b =c
Origin at x,0,0

Maximal non-isomorphic subgroups

I [21P6,11(P6,,172) 1; 2; 3; 4; 5,6
[21 P3,21(152) 1;2;3,7, 8,9
[2]1P3,12(151) 1; 2; 3; 10; 11; 12
[31P222(C222,21) 1; 4; 7; 10

{[3]P222(C222,21) 1; 4; 8; 11
[31P222(C222,21) 1; 4;9; 12

IIa
IIb

none
[2]1P6,22 (¢' =2¢)(179)

Maximal isomorphic subgroups of lowest index
Ilc [2]P6,22(c =2¢)(180); [3] H6,22 (a' = 3a,b/

Minimal non-isomorphic supergroups
I none
I [31P622 (¢ = 3¢) (177)

575

Along [210] p2mm

a=;b b=c
Origin at x, 1x, 3

3b) (P6,22,181); [7] P6,22 (¢’ =T¢) (181)

:1=3n

P6,22



International Tables for Crystallography (2006). Vol. A, Space group 182, pp. 576-577.

P 63 22 Dg 622 Hexagonal

No. 182 P 63 22 Patterson symmetry P6/mmm

% T
1
I %&\ }
1
1 \H A >~
e\ 0 AN
oA
AN /a\ %
i
1 3
P 2
I;‘\\k] l’/’/’\\l 1/ \:\’l
VN Y z{z FIN
A

Origin at321 at 6,21

Asymmetricunit 0<x<% 0<y<3 0<z<% x<(14y)/2; y<min(l—=x,(1+x)/2)
Vertices 0,0,0 30,0 %:0 4,30 0,30
0,0, 505 %55 553 053
Symmetry operations
(1) 1 (2) 3* 0,0,z (3) 37 0,0,z
“4) 2(0,0,3) 0,0,z (5) 6(0,0,3) 0,0,z (6) 6(0,0,7) 0,0,z
7 2 x,x,0 @®) 2 x,0,0 9 2 0,0
(10) 2 x,x,4 1) 2 x,2x,3 (12) 2 2x,x,1
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No. 182

CONTINUED

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

P6,22

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
12 i 1 (1) x,y,z 2) y,x—y,z (3) x+y,%,z 000l : I=2n
B x,5,2+3 &)y, x+y,z+3 (6) x—y,x,24;
(7) y7x72 (S)X_)%)_%Z (9) )@f‘f')%z
Special: as above, plus
6 h 2 x,2x,% 2%,%, 4 X%, 1 X,2%,3 2x,x, 3 Xx,3 hh2hl: 1=2n
6 ¢ 2 x,0,0 0,x,0 x,x,0 x,0,1 0,%,3 X, X, 3 hhOl : [ =2n
4 f 3 R R N A X Wil 1=2n
or h—k=3n+1
or h—k=3n+2
4 e 3 0,0,z 0,0,z+1 0,0,z 0,0,7+14 hkil : 1=2n
2 d 3.2 122 21 hkil : 1=2n
or h—k=3n+1
or h—k=3n+2
2 ¢ 3.2 1308 21,3 hkil : 1=2n
or h—k=3n+1
or h—k=3n+2
2 b 3.2 0,0,: 0,0, hkil : 1=2n
2 a 32. 0,0,0 0,0,1 hkil : 1=2n

Symmetry of special projections

Along [001] p6mm
a=a b'=b
Origin at 0,0,z

Along [100] p2gm
a’' = j(a+2b)
Origin at x,0,0

b =c

Along [210] p2gm
a=;b b=c
Origin at x, 3x,

Maximal non-isomorphic subgroups
I [21P6,11(P6,, 173) 1; 2; 3; 4, 5,6

[2]1 P321(150) 152,37, 89
[2]1 P312(149) 1; 2; 3; 10; 11; 12
[31P2,22(C222,20) 1; 4; 7; 10
{[3]P2122(C2221,20) 1; 4; 8 11
[31P2,22(C222,20) 1; 4; 9; 12

IIa none
IIb [3]1P6,22(c'=3¢)(179); [3]1P6,22 (¢’ =3c) (178)

Maximal isomorphic subgroups of lowest index
IIe  [3]1P6,22 (¢’ =3¢)(182); [3]1H6,22 (a' = 3a,b' =3b) (P6,22, 182)

Minimal non-isomorphic supergroups
I [2] P6,/mcm (193); [2] P6,/mmc (194)
II  [2]1P622(c =ie)(177)
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International Tables for Crystallography (2006). Vol. A, Space group 183, pp. 578-579.

P6mm C.,
No. 183 P6bmm

X’l*\'
/,\ 4
'// \\

Loy

Origin on 6mm

Asymmetric unit 0<x<?% 0<y<!i; 0<z<1;

Vertices 0,0,0 10,0 %10

0,0,1 30,1 35,1

Symmetry operations

(H 1 (2) 3* 0,0,z 3) 3 0,0,z
4 2 0,0,z (5) 60 0,0,z (6) 67 0,0,z
(7 m x,%,z ®) m x,2x,z 9 m 2x,x,z
(10) m x,x,z (11) m x,0,z (12) m 0,y,z
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6mm

Hexagonal

Patterson symmetry P6/mmm
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

12 f 1 (1) x,y,z
4) x,y,z
(7 y,%,z
(10) y,x,z

3 ¢ 2mm
2 b 3m.

1 a 6mm

Symmetry of special projections

Along [001] p6mm
a=a b'=b
Origin at 0,0,z

Maximal non-isomorphic subgroups
I [21P611(P6, 168)

[2]1 P31m (157)
[2]1 P3m1 (156)

[B1P2mm (Cmm?2, 35)

[31P2mm (Cmm?2, 35)
{[3] P2mm (Cmm?2, 35)

IIa none

Ib [2]P6,mc (¢ =2¢) (186); [2] P6,cm (¢ = 2¢) (185); [2] P6cc (¢ = 2¢) (184)

(1); £(1,0,0); ¢(0,1,0); ¢(0,0,1); (2); (4);

Coordinates
(2) )_]7x_y7z (3) )E+y>-faz
(5) y,Xx+yz (6) x—y,x,z
@) X+y,yz ) x,x—y,z
(11) x—y,)_},z (12) X7)E+yaz
2X%,%,7 X,X,Z
X,%,2 %0,z

Along [100] p1m1
a' = j(a+2b) b =c
Origin at x,0,0

; 11

;45,6
10; 11; 12
7; 8, 9
10
12

Maximal isomorphic subgroups of lowest index

e [2]1P6mm (e =2¢)(183); [3] H6mm (a' = 3a,b’ = 3b) (P6mm, 183)

Minimal non-isomorphic supergroups
I [21P6/mmm (191)

II none

579

No. 183

P6mm

Reflection conditions

General:

no conditions

Special: no extra conditions

Along [210] p1m1

b'=c

Origin at x, 3x,0



International Tables for Crystallography (2006). Vol. A, Space group 184, pp. 580-581.

P6cc Cgv 6mm Hexagonal

No. 184 P6¢cc Patterson symmetry P6/mmm

Origin on 6¢c¢

Asymmetricunit 0<x<3i 0<y<i; 0<z<3 x<(1+4y)/2; y<min(l—xx)
Vertices 0,0,0 3,0,0 3,310 31,10
0,0, 50,5 3553 15,3
Symmetry operations
(H1 (2) 37 0,0,z (3) 37 0,0,z
4) 2 0,0,z (5) 67 0,0,z (6) 67 0,0,z
T ¢ x,%,z ®) ¢ x,2x,z ) ¢ 2x,x,z
(10) ¢ x,x,z (11) ¢ x,0,z (12) ¢ 0,y,z
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CONTINUED No. 184 P6¢cc

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
12 d 1 D) x,y,z 2) y,x—y,z 3) x+y,x,z h}_zﬂl: [=2n
(4) )@)_HZ (5) y>f+)’>Z (6)x_yax7z hhOl @ 1 =2n
(7) }7>faZ+% (8)f+y>y72+% (9) x>x_y>Z+% 000/ : [ =2n
(10) y7x>Z+% (11))5_)’7)7724‘% (12) )@f‘f'y,Z‘i‘%
Special: as above, plus
6 ¢ 2.. 3,0,z 0,3,z 3,22 0,3,2+ 3 3,0,2+3 3,7,2F 3 hkil : 1=2n
4 b 3 Lizo iz Liztd Lzt hkil 1= 2n
2 a 6.. 0,0,z 0,0,z+4 3 hkil @ 1=2n
Symmetry of special projections
Along [001] p6mm Along [100] p1m 1 Along [210] p1m1
a=a b =b a’ = j(a+2b) b = jc a=1ib b = lc
Origin at 0,0,z Origin at x,0,0 Origin at x, 3x,0

Maximal non-isomorphic subgroups
I [21P611(P6, 168) 1; 2; 3; 4, 5; 6

[21P31c(159) 1; 2; 3; 10; 11; 12
[2] P3c1(158) 1; 2; 3; 7; 8 9
[31P2cc(Ccc2,37) 1; 4; 7; 10
{[3]P200(Ccc2, 37 1;4; 8; 11
[31P2cc(Ccc2,37) 1; 4;9; 12
IIa none
IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]P6cc (¢ =3¢)(184); [3]Hb6cc(a’' =3a,b' =3b) (P6cc, 184)

Minimal non-isomorphic supergroups
I [21P6/mcc(192)
I [21P6mm (¢ = ic) (183)
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International Tables for Crystallography (2006). Vol. A, Space group 185, pp. 582-583.

P 63 cm Cév 6mm Hexagonal

No. 185 P 63 cm Patterson symmetry P6/mmm

Origin on31mon 6,cm

Asymmetricunit 0<x<3; 0<y<j 0<z<j3 x<(14y)/2; y<min(l—x,x)
Vertices 0,0,0 1,0,
0

2
3
0.0.1 Lot zi1 11
»Yy 2 29V 2 37392 2929

C o

Symmetry operations

(H 1 (2) 3 0,0,z 3) 3 0,0,z
@) 2(0,0,%) 0,0, (5) 67(0,0,1) 0,0,z (6) 67(0,0,1) 0,0,z
(7 ¢ x,%,z ®) ¢ x,2x,z ) ¢ 2x,x,z
(10) m x,x,z (11) m x,0,z (12) m 0,y,z

Copyright © 2006 International Union of Crystallography 587


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o185/

CONTINUED

Generators selected (1); #(1,0,0); ¢(0,1,0); #(0,0,1); (2); (4); (7)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

12 d 1 (D x,y,z (2) y,x—y.z (3) X+y. %,z
# x,5,z+; (5) v, x+y.z+3 (6) x—y,x,2+ 3
(7) }7>X7Z+% (S)X‘F%)”Z‘i‘% (9) x>x_y71+%
(10) y,x,z (ID) x—y,3,z (12) 5,5+ y,z

6 ¢ m x,0,z 0,x,z XX,z x%,0,z+ 13 0,%,z+3

4 b 3 31512 552t 352+ 33,2

2 a 3.m 0,0,z 0,0,z+1

Symmetry of special projections
Along [001] p6mm

a=a b'=b

Origin at 0,0,z

Along [100] p1m1
a’ = i(a+2b) b = jc
Origin at x,0,0

Maximal non-isomorphic subgroups

I [2]1P6,11(P6,, 173) 1; 2; 3; 4,5, 6
[2]1 P3c1(158) 1; 2; 3; 7, 8 9
[21P31m (157) 1; 2; 3; 10; 11; 12
[31P2,cm(Cmc2,36) 1; 4; 7; 10

{[3]P210m(Cm021,36) 1; 4; 8; 11
[381P2,cm(Cmc2,,36) 1; 4;9; 12

IIa none
IIb [3]H6,cm(a’ =3a,b’ =3b)(P6,mc, 186)

Maximal isomorphic subgroups of lowest index
Ilc  [3]P6,cm (¢ =3c) (185); [4] P6,cm (a' = 2a,b' = 2b) (185)

Minimal non-isomorphic supergroups
I [2] P6,/mcm (193)
I [31H6,cm (P6,mc, 186); [21P6mm (¢’ = 3¢) (183)

583

No. 185

P6,cm

Reflection conditions

General:
hhOl : 1 =2n
000! : I=2n

Special: as above, plus

x,x,7+ % no extra conditions
hkil : 1=2n
hkil : 1=2n

Along [210] p1g1
a=:b b =c
Origin at x, 3x,0



International Tables for Crystallography (2006). Vol. A, Space group 186, pp. 584-585.

4
C6v

P6,mc

P6.mc
No. 186

6mm

Hexagonal

Patterson symmetry P6/mmm

S| S
RN PRl A I B
‘.' ZIN '._| . | o
| R B Y
ASA Tk
N /. N
s \:\ \, I X/ﬁ. B
‘ ...... |\‘\§”’| ...... ,
Origin on3m1 on 6,mc
Asymmetricunit 0<x<3% 0<y<}; 0<z<1l; x<(1+y)/2; y<x/2
Vertices 0,0,0 1,0,0 3,10
0707] %7071 %7%71
Symmetry operations
(H1 (2) 3* 0,0,z (3) 37 0,0,z
@) 2(0,0,%) 0,0, (5) 6(0,0,1) 0,0, (6) 67(0,0,1) 0,0,z
T m x,%,z 8) m x,2x,z 9) m 2x,x,z
(10) ¢ x,x,z (11 ¢ x,0,z 12) ¢ 0,y,z

Copyright © 2006 International Union of Crystallography
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CONTINUED

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

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

12 d 1 (1) x,y,z @) yx—yz (3) x+y,%,z
(4)f>)7aZ+% (5))’7)5"')’724‘% (6)x_yax7z+%
(7))7>X7Z (8)X+y7y>z (9)X>X_Y>Z
(10))”)@24‘% (11))5_)’7)7724‘% (12))@)?"')’,24‘%

6 ¢ .m. X, X,z x,2x,2 2%,%,2 X,x,2+ 3 X,2%,z+ 3%

2 b 3m. 313:2 L5zt

2 a 3m. 0,0,z 0,0,z+ 5

Symmetry of special projections

Along [001] p6mm Along [100] p1g1

a=a b =b a’' = ;(a+2b) b =c

Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups

I [21P6,11(P6,, 173) 1; 2; 3; 4,5, 6
[21P31c¢(159) 1; 2; 3; 10; 11; 12
[21P3m1 (156) 12,3, 7,8 9
[31P2,mc(Cmc2,36) 1;4;7; 10

{[3]P2lmc(Cm621,36) 1; 4; 8; 11

[31P2,mc(Cmc2,36) 1; 4;9; 12

IIa none

IIb [3]H6,mc(a =3a,b' =3b)(P6,cm, 185)

Maximal isomorphic subgroups of lowest index
IIe  [3]P6,mc (¢ =3c) (186); [4] P6,mc (a' = 2a,b’ = 2b) (186)

Minimal non-isomorphic supergroups
I [2]1P6,/mmc (194)
II  [31H6,mc(P6,cm, 185); [2] P6mm (¢ = ic) (183)

585

No. 186 P6,mc

Reflection conditions

General:

hh2hl: 1 =2n
000/ : I=2n

Special: as above, plus
2x,x,2+ % no extra conditions

hkil : 1=2n
or h—k=3n+1
or h—k=3n+2

hkil : [=2n

Along [210] p1m1
a'=;b b = ic
Origin at x, 1x,0



International Tables for Crystallography (2006). Vol. A, Space group 187, pp. 586-587.

_ | )
P 6 m 2 D3h 6m?2 Hexagonal
No. 187

Patterson symmetry P6 / mmm

Origin at 6m2

Asymmetric unit 0<x<
Vertices 0,0,0
0,0,3

IN
<

IN
o
IN
A\l

IN

x<2y; y<min(l—x,2x)

>

2

35 0
21
§a§70
2 1
3 2

W=
WY Wi
(e

wi—
W=

Symmetry operations

(H 1 (2) 3* 0,0,z 3) 3 0,0,z
@) m x,y,0 (5) 6 0,0,z; 0,0,0 (6) 67 0,0,z; 0,0,0
(7 m x,%,z @®) m x,2x,z 9 m 2x,x,z
(10) 2 x,x,0 (11) 2 x,2x,0 (12) 2 2x,x,0

Maximal non-isomorphic subgroups
I [2]1 P611(P6, 174) 1;2;3; 4,5, 6
[21P3m1 (156) 1;2; 3,7, 8 9
[2]1P312(149) 1; 2; 3; 10; 11; 12
[31Pmm2 (Amm?2,38) 1; 4; 7; 10
{[3]Pmm2(Amm2,38) 1; 4; 8; 11
[31Pmm2 (Amm?2,38) 1; 4; 9; 12
IIa  none
IIb [2]P6c2 (¢ =2¢)(188); [3] H6m2 (a’' = 3a,b’ = 3b) (P62m, 189)

Maximal isomorphic subgroups of lowest index
IIc [2]1P6m2 (¢ =2c)(187); [4] P6m?2 (a' =2a,b = 2b) (187)

Minimal non-isomorphic supergroups
I [21P6/mmm (191); [2]1 P6,/mmc (194)
I  [3]H6m2(P62m, 189)
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CONTINUED No. 187 P6m?2

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
12 o 1 (1) x,y,z 2) y,x—y,z (3) x+y,%,z no conditions
(4) x7y7Z (5) .)_)7x7y72 (6) f‘i’y,X,Z_
(7) y,X,Z (8) eryay’Z (9) X, X—=Y,Z
(10) )7»3772_ (11) ery’va_ (12) X,.X*y,z
Special: no extra conditions
6 n .m. X, X%,z X,2x,2 2X%,X%,7 X, X,z X,2x,7 2X%,%,7
6 m m X, 3 VX =y, 3 X+y.X,5 ¥,k 5 X+yys XXy, 3
6 l m x7y70 Y, X yao .f+y,.f,0 _)_I,X,O X+y7y70 -xvxiyvo
3 k mm2 X, %, % x,2x, % 2%,%,1
3 j mm2 x,%,0 x,2x,0 2x,x,0
2 1 3m %,%,Z %7%72
2 h 3m 512 TR 4
2 3m 0,0,z 0,0,z
L f 6m2 N
1 e 6m2 210
1 d 6m2 1,31
1 ¢ 6m2 1,30
1 b 6m2 0,0,3
1 a 6m2 0,0,0

Symmetry of special projections

Along [001] p3m1 Along [100] p11m Along [210] p2mm
a=a b =b a’ = ;(a+2b) b =c a=;b b =c
Origin at 0,0,z Origin at x,0,0 Origin at x, 1x,0

(Continued on preceding page)
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International Tables for Crystallography (2006). Vol. A, Space group 188, pp. 588-589.

P6¢c2 Dih 6m?2 Hexagonal

No. 188 P6¢?2 Patterson symmetry P6/mmm

Origin at 3¢2

Asymmetricunit 0<x<?% 0<y<3 0<z<%4 x<(14y)/2; y<min(l—=x,(1+x)/2)
Vertices 0,0,0 1,0,0 3:0 1,20 0,10
0,0, 50,3 %55 553 05,3
Symmetry operations
(H 1 (2) 37 0,0,z (3) 37 0,0,z
4 m x,y,; (5) 67 0,0,z; 0,0, 3 (6) 67 0,0,z; 0,0,3
(7 ¢ x,%,z ®) ¢ x,2x,z 9 ¢ 2x,x,z
(10) 2 x,%0 (11) 2 x,2x,0 (12) 2 2x,x,0
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CONTINUED No. 188 P6¢c2

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

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
12 1 1 (1) x,y,z 2) y,x—y,z 3) ¥+y,%,2 hhOl : [ =2n
) x,y,2+3 S) . x—y,7+; (6) X+y,%,2+; 0007 : I=2n
(7) }7>X7Z+% (8) f"')@)’ﬂ“‘% (9) x>x_y>Z+%
(10) }77)272 (11))?4')’7)’72 (12) x>x_)’>z
Special: as above, plus
6 k m.. XY, 4 V,X—Y, 3 X+y,% 5 V,%,3 X+, X,X—Y,3 o extra conditions
6 j ..2 x,x,0 x,2x,0 2x,x,0 X, X, 3 x,2x, 3 2%,%, % hkil : 1=2n
4 i 3. TR B Lot Hnits TE N hkil : 1 =2n
4 h 3 52 T A 52t 552 hkil : 1=12n
4 3 0,0,z 0,0,z7+ 3 0,0,z+4 3 0,0,z hkil : 1=2n
2 f 6.. . 212 hkil : 1=2n
2 e 3.2 210 B hkil : 1=2n
2 d 6 T 1,82 hkil : 1=2n
2 ¢ 3.2 120 TR hkil : 1=2n
2 b 6.. 0,0,! 0,0,32 hkil : 1=2n
2 a 3.2 0,0,0 0,0, 3 hkil : 1=2n
Symmetry of special projections
Along [001] p3m1 Along [100] p11m Along [210] p2gm
a=a b =b a’' = i(a+2b) b =ic a=1b b =c
Origin at 0,0,z Origin at x,0,0 Origin at x, 3x,0
Maximal non-isomorphic subgroups
I [21P611(P6, 174) 1; 2; 3; 4,5, 6
[2] P3c1(158) 1; 2,3, 7,8, 9
[21P312(149) 1; 2; 3; 10; 11; 12
[3]Pmc2(Ama2,40) 1; 4; 7; 10
[31Pmc2(Ama?2,40) 1, 4; 8; 11
[31Pmc2(Ama2,40) 1; 4;9; 12

IIa none
IIb [3]H6c¢2(a’ =3a,b =3b)(P62c, 190)

Maximal isomorphic subgroups of lowest index
Ilc  [3]1P6c2(c =3c)(188); [4] P6c2 (a' = 2a,b' = 2b) (188)

Minimal non-isomorphic supergroups
I [2] P6/mcc (192); [2] P6,/mcm (193)
II  [3]1H6c2(P62c, 190); [2] P6m2 (¢ = c) (187)
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International Tables for Crystallography (2006). Vol. A, Space group 189, pp. 590-591.

P62m Dgh 62m Hexagonal

Patterson symmetry P6 / mmm

No. 189

Origin at 62m

Asymmetric unit 0<x<3 0<y<i; 0<z<i; x<(1+y)/2; y<min(l—xx)
0

Vertices 0,0,0 10,0 310 1,50
0,0, 50,5 %3,5 5,53
Symmetry operations
(11 (2) 3 0,0,z (3) 37 0,0,z
4 m x,y,0 (5) 60 0,0,z; 0,0,0 (6) 67 0,0,z; 0,0,0
7 2 x,x,0 @®) 2 x,0,0 9 2 0,y,0
(10) m x,x,z (11) m x,0,z (12) m 0,y,z
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CONTINUED

Generators selected (1); 7(1,0,0); 7(0,1,0); £(0,0,1); (2); (4); (7)
Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
12 ) 1 (1) X, )2 (2) )7>x_y>Z (3)-f+y>i7z
(4) x7y72 (5) }77)5_)’,2 (6))?4')’,)?,2
(7) yax>z (8)x_yay_az (9) -faf—i_yaz
(10 yxz  (IDx—yyz  (I12) HF+y2
6 k m X,V 3 .)77-x7y72 .f‘i’y,.f,% Y, X, 3 X yv.)_)vz
6 j m x,y,0 y,x—,0 X+y,x,0 ¥, x,0 x=y5,0
6 i m x,0,z 0,x,z XX,z x,0,7Z 0,x,7 XX,z
4 h 3 %’%7Z %7%72 %7%’2 %7%7Z
3 m2m x,0,1 0,x,1 X,x 4
3 f m2m x,0,0 0,x,0 x,%,0
2 e 3.m 0,0,z 0,0,z
2 d 6 TR R
2 Cc 6 %’ %70 %’ %70
1 b 62m 0,0, 3
1 a 62m 0,0,0

Symmetry of special projections
Along [001] p31m

a=a b'=b

Origin at 0,0,z

Along [100] p2mm
=;(a+2b) b =c
Origin at x,0,0

Maximal non-isomorphic subgroups

I [2]1 P611(P6, 174) 1;2;3; 4,5, 6
[21P31m (157) 1, 2; 3; 10; 11; 12
[21P321(150) 1; 2; 3; 7, 8, 9
[31Pm2m(Amm?2,38) 1; 4; 7; 10

{[3]Pm2m(Amm2, 38) 1;4; 8; 11
[31Pm2m(Amm?2,38) 1; 4; 9; 12

IIa
IIb

none
[2]1 P62c (¢ =2¢) (190); [3] H62m (a’ = 3a,b’ = 3b) (P6m?2, 187)

Maximal isomorphic subgroups of lowest index
Ile [2]P62m(c =2c)(189); [4] P62m (a’ =2a,b’ = 2b) (189)

Minimal non-isomorphic supergroups
I [2] P6/mmm (191); [2] P6,/mcm (193)
II  [3]H62m(P6m2,187)

591

No. 189

P62m

Reflection conditions

General:

no conditions

Special: no extra conditions

Along 210] p11lm
a=:b b=c
Origin at x, 3x,0



International Tables for Crystallography (2006). Vol. A, Space group 190, pp. 592-593.

P 6 2cC Dih 62m Hexagonal

No. 190 P62c Patterson symmetry P6/mmm
1
/—
\é/ \ / Xif @
<@ [ cocceccccccccctcccrsccccscnne
./\’ K \ _®%+
./ \- .'..
A 1A
4_\.'.1 ....... /_.._..j.._\.':._'
AN N A
\ 7 ,.
< () ceccccccccces § .{ ............. y —
¥ IN 7'\ FIN
Origin at 32¢
Asymmetricunit 0<x<% 0<y<?% 0<z<} x<(14y)/2; y<min(l1—=x,(1+x)/2)
Vertices 0,0,0 10,0 310 1,20 0,10
0,0,; 3,0,i 553 551 0,53
Symmetry operations
(H 1 (2) 37 0,0,z (3) 37 0,0,z
) m x,y,; (5) 67 0,0,z; 0,0, (6) 67 0,0,z; 0,0,3
M 2 x,x,0 @®) 2 x,0,0 ® 2 0,y,0
(10) ¢ x,x,z (11) ¢ x,0,z 12) ¢ 0,y,z
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CONTINUED

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

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

12 i 1 (1) X, 0,2 (2) y,X*y,Z (3) f+y,.f,z
(4) x7y72+% (5) )77)5_)’724‘% (6) )E+y>-faz+%
(7) y7x72 (8))5_)’7)772 (9) f?-f—’—y?Z
(10) yax>z+% (11))5_)’7)7724‘% (12) )@f‘f'y,Z‘i‘%
6 h m.. X,y,i )_]7x_ya% f+yafai y7-xa%
6 g .2. x,0,0 0,x,0 x,x,0 x,0,%
4 f 3. 552 552t 2R F¥4 RN A
4 e 3.. 0,0,z 0,0,7+1 0,0,z 0,0,z+43
2 d 6 %7%’4]_1 %’%’%
2 ¢ 6 N TN
2 b 6.. 0,0, 0,0,3
2 a 32. 0,0,0 0,0,
Symmetry of special projections
Along [001] p31m Along [100] p2gm
a=a b =b a’ = ;(a+2b) b =c
Origin at 0,0,z Origin at x,0,0

Maximal non-isomorphic subgroups

I [21P611(P6, 174) 1; 2; 3; 4,5, 6
[21P31c(159) 1; 2; 3; 10; 11; 12
[2]1 P321(150) 1; 2; 3; 7; 8 9
[31Pm2c(Ama?2,40) 1; 4; 7; 10
{[3] Pm2c(Ama?2,40) 1; 4; 8; 11
[31Pm2c(Ama2,40) 1; 4; 9; 12

IIa none
IIb [3]H62c(a’ =3a,b =3b)(P6c2, 188)

Maximal isomorphic subgroups of lowest index
IIc  [3]P62c(c =3c)(190); [4] P62c (a’ =2a,b' = 2b) (190)

Minimal non-isomorphic supergroups
I [21 P6/mcc(192); [2] P6,/mmc (194)
II  [31H62c(P6c2, 188); [2]1 P62m (¢ = ic) (189)

593

DI—

No. 190 P62c

Reflection conditions

General:

hh2hl: 1 =2n
000/ : I=2n

Special: as above, plus
X,X+7vy,3 no extra conditions
hkil : [=2n
hkil : 1=2n
or h—k=3n+1
or h—k=3n+2
hkil : [=2n
hkil : [=2n
or h—k=3n+1
or h—k=3n+2
hkil : [=2n
or h—k=3n+1
or h—k=3n+2
hkil : 1=2n

hkil : 1=2n
Along [210] p11m

a'=;b b = jic
Origin at x, 3x,0
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1
D,

P6/mmm

6/mmm

Hexagonal

Patterson symmetry P6 / mmm

No. 191 P6/m2/m2/m
TN P T
<_‘, Ll ,,ox T "—.
-~ TN
\// ,\/u |y K
S / @ \
NN e
AN S CAHNN NN
~ : &/ :\) \///‘\
SN | NS ~
w4 :\\\\I///: v
TO TN 0T
FINT | TN | AN
Origin at centre (6/mmm)
Asymmetricunit 0<x<3; 0<y<i; 0<z<43 x<(1+y)/2
Vertices 0,0,0 1,0,0 310
0,0, 30,7 3.3
Symmetry operations
(1) 1 (2) 3% 0,0,z (3) 3 0,0,z
@ 2 0,0,z 6) 60 0,0,z (6) 6" 0,0,z
M 2 x,x,0 ®) 2 x,0,0 9 2 0,y,0
(10) 2 x,%,0 (11) 2 x,2x,0 (12) 2 2x,x,0
(13) T 0,0,0 (14) 3 0,0,z; 0,0,0 (15) 3 0,0,z 0,0,0
(16) m x,y,0 (17) 6- 0,0,z; 0,0,0 (18) 6* 0,0,z; 0,0,0
(19 m x,%,z (20) m x,2x,z 21) m 2x,x,z
22) m x,x,z 23) m x,0,z 24) m 0,y,z

y<x/2

Maximal non-isomorphic subgroups

I [21P62m (189) 1; 2; 3,7, 8, 9; 16; 17; 18; 22; 23; 24
[21P6m?2 (187) 1; 2; 3; 10; 11; 12; 16; 17; 18; 19; 20; 21
[21P6mm (183) 1; 2; 3; 4, 5, 6; 19; 20; 21; 22; 23; 24
[21P622(177) 1; 2, 3; 4, 5,6; 7, 8,9; 10; 11; 12
[21P6/m11(P6/m, 175) 1;2; 3; 4; 5; 6; 13; 14; 15; 16; 17; 18
[21P3m1 (164) 1; 2; 3,7, 8;9; 13; 14; 15; 19; 20; 21
[21P31m (162) 1; 2; 3; 10; 11; 12; 13; 14; 15; 22; 23; 24
[31Pmmm (Cmmm, 65) 1; 4; 7; 10; 13; 16; 19; 22

{[S]Pmmm(Cmmm, 65) 1; 4; 8; 11; 13; 16; 20; 23
[31Pmmm (Cmmm, 65) 1; 4; 9; 12; 13; 16; 21; 24
IIa none
IIb [2]P6,/mmc (¢ =2¢) (194); [2]1 P6,/mcm (¢ =2¢) (193); [21 P6/mcc (¢ = 2¢) (192)

Maximal isomorphic subgroups of lowest index

Ilc

Minimal non-isomorphic supergroups
I none

IT

none
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CONTINUED

No. 191 P6/mmm

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (4); (7); (13)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
24 r 1 (1) x,y,z 2) y,x—y,z (3) x+y,%,z no conditions
(4) fn)_)az (5) y7x+yvz (6)x7y7xvz
(7) y7x7z (8)x7y7.)_]72 (9) f,f+y,z
(10) )7»3772_ (11) ery’va_ (12) X,.X*y,z
(13) f?.)_)az_ (14) y,)?er,Z (15)“‘67})’“{7Z
(16) x7y72 (17) )_)ax_yaz (18) )E+y>-faz
(19) }7>X7Z (20)X+yayaz (21) X, X =Y, 2
(22) X2 (23))6—)’,)7,2 (24) f>f+y>Z
Special: no extra conditions
12 q m. -x7y7% }_}>x_y75 f‘f')%f,% f?)_)?% yaf—i_ya% x_yax7%
yrxa% xiya.)_)a% xaf+ya% )7737’% i+y7y7% X,X*y,%
12 P m. x7y?0 )WC_)’,O -f+yaf>0 -fay70 y>f+y70 x_y7x70
y>-xa0 X y>)770 -fa-f—i_yao )77)270 f"’)’»)’»o -xvx_yao
12 o .m. X,2x,7 2X%, %,z X,X,7 X,2%,z 2x,X,7 X,x,7
2x,x,7 x,2%,7 X,x,Z 2X%,%,7 x,2x,Z X,X,Z
12 n .m x,0,z 0,x,z X,%,z x%,0,z 0,%,z X,X,2
0,x,7Z x,0,7 XX,z 0,x,z x,0,7 X,X,Z
6 m mm?2 x,2x, % 2%,%, 5 X,X,3 X,2%, 1 2x,X, 3 x,x, 1
6 | mm?2 x,2x,0 2x,x,0 x,%,0 x,2x,0 2x,x,0 X,x,0
6 k mzm 'x707% O7x’; X’i7% i707% 07'27% x?'x7%
6 j m2m x,0,0 0,x,0 X,x,0 x,0,0 0,x,0 x,x,0
6 i 2mm 3,0,z 0,3,z 31,2 0,5,2 3,0,2 3,5,2
4 h 3m. 55,2 352 552 552
3 mmm 3,03 0,3,3 LIRS
3 f mmm 3,0,0 0,3,0 11,0
2 e 6mm 0,0,z 0,0,z
2 d 6m2 I s
2 ¢ 6m2 53,0 ENY
1 b 6/mmm 0,0,
1 a 6/mmm 0,0,0

Symmetry of special projections
Along [001] p6mm

a=a b'=b

Origin at 0,0,z

(Continued on preceding page)

Along [100] p2mm
a = i(a+2b) b =c
Origin at x,0,0

Along [210] p2mm
a=1b b =c
Origin at x, 1x,0

595
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P6/mcc D,
No. 192 P 6/m2/c2/c

6/mmm

Hexagonal

Patterson symmetry P6 / mmm

Origin at centre (6/m) at 6/mcc

Asymmetric unit 0<x<3;
Vertices 0,0,0 1,0,
0,0,; 3,0

Symmetry operations

(H 1 (2) 37 0,0,z 3) 37 0,0,z
4 2 0,0,z 5) 67 0,0,z (6) 6" 0,0,z
(7) 2 x,x,3 (®) 2 x,0,3 9 2 0,3
(10) 2 x,x,; A1) 2 x,2x,3 (12) 2 2x,x,3
(13) T 0,0,0 (14) 3+ 0,0,z; 0,0,0 (15) 3- 0,0,z; 0,0,0
(16) m x,y,0 (17) 6 0,0,z; 0,0,0 (18) 6* 0,0,z; 0,0,0
19) ¢ x,%,z (20) ¢ x,2x,z 21) ¢ 2x,x,z
22) ¢ x,x,z 23) ¢ x,0,z 24) ¢ 0,y,z

<y<s 0<z<gy x<(1+4y)/2; y<min(l-x,x)
:
2
3

Maximal non-isomorphic subgroups

I [2]1 P62 ¢ (190) 1; 2; 3;7; 8; 9; 16; 17; 18; 22; 23; 24
[2]1 P62 (188) 1; 2; 3; 10; 11; 12; 16; 17; 18; 19; 20; 21
[21P6cc(184) 1; 2; 3; 4; 5; 6; 19; 20; 21; 22; 23; 24
[21P622(177) 1; 2; 3;4;,5,6;,7;, 8, 9; 10 11; 12
[21P6/m11(P6/m,175) 1; 2; 3; 4; 5; 6; 13; 14; 15; 16; 17; 18
[2]1 P3c1 (165) 1; 2; 3; 7; 8; 9; 13; 14; 15; 19; 20; 21
[2]1P31c(163) 1; 2; 3; 10; 11; 12; 13; 14; 15; 22; 23; 24
[31Pmcc (Cccm, 66) 1; 4; 7; 10; 13; 16; 19; 22

{[S]Pmcc(Cccm, 66) 1; 4; 8; 11; 13; 16; 20; 23
[31Pmcc (Cccm, 66) 1; 4; 9; 12; 13; 16; 21; 24
IIa none
IIb none

Maximal isomorphic subgroups of lowest index
IIc  [3]1P6/mcc(c =3¢)(192); [31H6/mcc(a’ =3a,b' =3b) (P6/mcc, 192)

Minimal non-isomorphic supergroups
I none
I [21P6/mmm (¢ = ic) (191)
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CONTINUED

Generators selected

(1); ¢(1,0,0); £(0,1,0); £(0,0,1); (2); (4); (7); (13)

No. 192

P6/mcc

Reflection conditions

General:

h}_zﬂl :l=2n
hhOl : [ =2n
000/ : I=2n

Special: as above, plus

no extra conditions

hkil : 1 =2n
hkil : 1=2n
hkil : 1=2n
hkil : 1=2n
hkil : [=2n
hkil : [=2n
hkil : 1=2n
hkil : 1=2n
hkil : 1=2n
hkil : 1 =2n
hkil : 1 =2n

Along [210] p2mm

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
24 m 1 (l)x,y,z (2))_%)5*)”2 (3)f+y7xvz
(4)27)77Z (5))77)24’)’,2 (6)x_yax7z
(7)yax>z+% (S)X_)%)_%Z‘i‘% (9))3,)?4’)’,2"'%
(13)“?7)_)’2 (14)y7f+y7z (15)“‘67})’“{7Z
(16)x7y7z (17))_’#*)”5 (18)f+y7xvz_
(19))77fa2+% (20)X+y7y7z+% (21)X,X*y,Z+%
(22))’7%24‘% (23))5_)’7)7724‘% (24))3,)?4')’,24‘%
12 l m. -xayao yaxiyao f+y,.f,0 i7y70 y7x+y70 xfy,x,O
Y, X ; X*y,_)_),% f,f+y,% )7737’% x+y7y7% xvxiyvé
12 k ..2 ,2x, 1 2%,%, 3 X, X, 1 X,2%,4 2x,X, 3 X,x, 4
X72_7 % Zx’x7 % i?'x’ % x? 2‘x’ % 2'27'27 % x?'f? %
12 j .2. x,0,1 0,x, 1 X%, 1 %,0,% 0,%, 1 X, X, 3
x,0,2 0,%,3 X,x,3 x,0,3 0,x,3 x,%,3
12 l 2" %’O’Z 07%7Z %7%7Z 07%7Z+% %707Z+% %7%7Z_+%
%7072 07%72 %7%72 07%7Z+% %’O’Z—’—% %7%’Z+%
8 h 3" %’§7Z %7%7Z %’%’Z_+% %7§7Z+%
53,2 33,2 313,27+ 3 A
6 2/m %’0’0 0’%70 %’%70 07%7% %707% %7%7%
6 f 222 3,0,3 0,3,3 21313 3,0,3 0,3,3 31304
4 e 6.. 0,0,z 0,0,7+ 1 0,0,z 0,0,z+ 3
4 d 6. 35,0 15,0 31351 31353
4 ¢ 3.2 31503 TETE 31313 31504
2 b 6/m.. 0,0,0 0,0,3
2 a 622 0,0, 0,0,3
Symmetry of special projections
Along [001] p6mm Along [100] p2mm
a=a b=>b a=3(a+2b) b =3c a'=;b
Origin at 0,0,z Origin at x,0,0

(Continued on preceding page)
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3
P 63 / mcm D6h 6/mmm Hexagonal
No. 193 P 63/m 2/C 2/171 Patterson symmetry P6/mmm

1 1 ! !
4 4 4 4
L r\\é// r\% ,
Z‘;’-., T A ~ ¢
AR PR AANN| Y
, \/ i Erl\.--"i\/ |
3 Nt . /'-@-'\ . ~ ¢
: &N
1 ‘2\5/ /5\'\ '/ Y Vol 1
Dol il St o
\ el gt/ ‘N o
| \/: & :\>< ‘\1 *
i A ANTAS 1
Ve A g
4 PN i
SN | 7N FIN *
AT A +

For 1 and 6 see P63/m (No. 176)

Origin at centre (31m) at 3¢2/m

Asymmetric unit 0<x<3 0<y<i; 0<z<i; x<(1+y)/2; y<min(l—xx)
0

Vertices 0,0,0 1,0,0 3:10 1,30
0,04 50} Lii bii

Symmetry operations
(1 (2) 3* 0,0,z 3) 3 0,0,z
4) 2(0,0,3) 0,0,z (5) 6(0,0,5) 0,0,z (6) 67(0,0,5) 0,0,z
(7) 2 x,x,3 () 2 x,0,4 9 2 0,3
(10) 2 x,%,0 (1) 2 x,2x,0 (12) 2 2x,x,0
(13) 1 0,0,0 (14) 3 0,0,z; 0,0,0 (15) 3 0,0,z 0,0,0
(16) m x,y,3 (17) 6° 0,0,z; 0,0,1 (18) 6 0,0,z 0,0,3
19) ¢ x,%,z (20) ¢ x,2x,z 21) ¢ 2x,x,z
22) m x,x,z 23) m x,0,z 24) m 0,y,z

Maximal non-isomorphic subgroups

I [21P62m (189) 1; 2;3;,7; 8, 9; 16; 17, 18; 22; 23; 24
[2]1 P62 (188) 1; 2; 3; 10; 11; 12; 16; 17; 18; 19; 20; 21
[2] P6,cm (185) 1; 2; 3; 4; 5, 6; 19; 20; 21, 22; 23; 24
[2]1P6,22(182) 1; 2;3;4,5,6;, 7, 8,9; 10; 11; 12
[21P6,/m11(P6,/m,176) 1; 2; 3; 4; 5; 6; 13; 14; 15; 16; 17; 18
[2]1 P3c1 (165) 1; 2, 3; 7, 8; 9; 13; 14; 15; 19; 20; 21
[21P31m (162) 1; 2; 3; 10; 11; 12; 13; 14; 15; 22; 23; 24
[31Pmcm (Cmcm, 63) 1; 4; 7; 10; 13; 16; 19; 22

{[S]Pmcm(Cmcm, 63) 1; 4; 8; 11; 13; 16; 20; 23

[31Pmcm (Cmcm, 63) 1; 4; 9; 12; 13; 16; 21; 24

IIa none
IIb [3]1H6,/mcm (a =3a,b' =3b)(P6,/mmc, 194)

Maximal isomorphic subgroups of lowest index
IIc  [3]1P6,/mcm(c =3¢)(193); [4] P6,/mcm (2’ = 2a,b’ = 2b) (193)

Minimal non-isomorphic supergroups
I none
11 [31HG6,/mem (P6,/mme, 194); [2] P6/mmm (¢’ = 5¢) (191)
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

24 | 1 D) x,y,z
4 %,5,2+ 3
(M) y,x,2+ 3
(10) y,x,z
(13) x,y,2
(16) x,y,Z+ 3
(19) y.x,z+ 3
(22) y,x,z
12k .m x,0,z
0.%,z+3
X574+
12 j m.. X, 3
VX, 3
12 i ..2 x,2x,0
%,2%,0
8 h 3.. 1,3z
5z
6 m2m x,0, %
6 f ..2/m 1.0,0
4 e 3.m 0,0,z
4 d 3.2 120
4 C 6 %a%v%
2 b 3.m 0,0,0
2 a 62m 0,0,:

Coordinates

@) y,x—yz
) y,Xx+y,2+3
@) x—y5,7+3
(1) £+y,,2
(14) y,x+y,Z
(17) j,x—y,7+1
20) x+y,y,z+ 3

Symmetry of special projections

Along [001] p6mm
a=a b'=b
Origin at 0,0,z

(Continued on preceding page)

(1); ¢(1,0,0); £(0,1,0); £(0,0,1); (2); (4); (7); (13)

3) x+y,x,z

6) x—y,x,2+3

9) x,x+y,7+3
(12) x,x —y,Z
15) x—y,x,z
(18) X+ y,%,7+ 3
Q) x,x—y,z+1

No. 193

Reflection conditions

General:
hhOl : [ =2n
000! : [=2n

(23))5_)’,)772 (24) f?-f—’—y?Z
Special: as above, plus
0,x,z X%,z x,0,741 no extra conditions
x,x,z—i—% O,X,Z‘f'% )C,O,Z-i-%
0,%,z x,0,z X,X,Z
V,X—Y, 3 X+y,% 5 %y, 3 X+, 3 X—y,X,3 no extra conditions
xiym)_}?% fv-f+y7% )77377% i+y7y7% xvxiyv%
2x,%,0 x,x,0 X,2%, 3 2x,X, 3 XX, hkil : 1=2n
2x,x,0 x,x,0 x,2x, % 2%,%, 4 X,X, 3
TENAE. Lnits: 55,2 hkil : 1=2n
%7%’Z+% %’§7Z+% %7%7Z
0,x,1 XX, 1 x,0,32 0,%,3 X, X, 3 no extra conditions
0,5,0 33,0 3,03 0,33 313 hkil : I =2n
0,0,z+4 3 0,0,7+1 0,0,z hkil : 1=2n
%a%v% %7%30 %7%7% hkil : 1=2n
%7%3% %a%v% %7%7% hkil : 1=2n
0,0,3 hkil : 1=2n
0,0,2 hkil : 1=2n
Along [100] p2mm Along [210] p2gm
a’' = i(a+2b) b =ic a=1b b =c
Origin at x,0,0 Origin at x, 3x,0
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D4

P6,/mmc

No. 194 P 6,/m2/m2/c
1
4
/ 1 1 1 1 1
3 4 4 3 3
b QA H\\g,%
1 117; ..... L"’g\\\:;\::l
iSSle /7 AN
%\\5.5/\-\..'/ @\\'9.-'/% |
2 SNPZaNPRENY
‘l*\% I\’\ @//',' WS ¢ AN +
PR I | =27 Yd4 %)
RGP x En !
QL N ARy 4 )
?‘\lll/g\l "1';"::, L®
I TR A\ 2
1 1 1 1 1 :
3 3 3 3 ry 3+
For 1 and 6 see P63/m (No. 176)
Origin at centre (3m 1) at 32/mc
Asymmetric unit 0<x<i3 0<y<i 0<z<1i x<2y
Vertices 0,0,0 2,1,0 1,30
0,0, %33 53
Symmetry operations
(1) 1 (2) 3* 0,0,z (3) 30,0,z
4) 2(0,0,3) 0,0,z (5) 67(0,0,3) 0,0,z (6) 67(0,0,3) 0,0,z
7 2 x,x,0 ®) 2 x,0,0 9 2 0,0
(10) 2 x,%,; (1) 2 x,2x,3 (12) 2 2x,x,3
(13) T 0,0,0 (14) 3* 0,0,z; 0,0,0 (15) 3- 0,0,z 0,0,0
(16) m x,y,3 (17) 6- 0,0,z; 0,0, 1 (18) 6* 0,0,z 0,0,
(19) m x,x,z (20) m x,2x,z 21) m 2x,x,z
22) ¢ x,x,z 23) ¢ x,0,z 24) ¢ 0,y,z

6h

6/mmm

y <min(1 —x,2x)

Hexagonal

Patterson symmetry P6 / mmm

Maximal non-isomorphic subgroups

I [2]1 P62 (190)
[21P6m2 (187)
[2] P6,mc (186)
[2] P6,22(182)

[2] P6,/m11 (P6,/m, 176)

21 P3m1 (164)
[2]1P31c(163)

[31Pmmc (Cmcm, 63)

[31Pmmc (Cmcm, 63)
{ [31Pmmc (Cmcm, 63)

IIa
IIb

none

Maximal isomorphic subgroups of lowest index
[31P6,/mmc (¢ =3c) (194); [4] P6,/mmc (a' =2a,b’ = 2b) (194)

Ilc

I;

s

k)

AEAENDRNRD R
O 00 ] W W W W W W W

1
1
1
1
L;
1
1
1
1

s
s

Minimal non-isomorphic supergroups

| none

11; 13;
12; 13;

7

1

4; 5; 6; 19; 20; 21; 22; 23; 24

4; 5, 6; 7; 8, 9; 10; 11; 12

4; 5; 6; 13; 14; 15; 16; 17; 18

7; 8; 9; 13; 14; 15; 19; 20; 21

; 125 13; 145 15; 22; 23; 24
; 16; 19; 22

16; 20; 23
16; 21; 24

[31H6,/mmc (2’ =3a,b/ =3b) (P6,/mcm, 193)

11 [31HG6,/mmc (P6,/mcm, 193); [2] P6/mmm (¢’ = 5¢) (191)
Copyright © 2006 International Union of Crystallography
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CONTINUED No. 194 P6,/mmc

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (4); (7); (13)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
24 1 1 D) x,y,z 2) y,x—y,z 3) x+y,x,z hh2hl: 1 =2n
4) %92+ O yX+yz+s (6) x—y,x,2+ 3 0007 = I=2n
(7) y7x72 (S)X_y>)7>f (9) f?-f—’—y?Z
(13) f?.)_)az_ (14) y7f+y7z (15)“‘67})’“{7Z
(19) )77va (20)X+y7y7z (21) X, X —=Y,2
(22) yax>z+% (23))5_)’7)7724‘% (24) )@f‘f'y,Z‘i‘%
Special: as above, plus
12 k .m. x,2x,7 2%,%,2 X, %,z X,2%,2+ 1 no extra conditions
2x,%,2+ 3 X,x,2+ 3 2x,%,7 x,2%,Z
)E,.X,Z 2_7)272—’_% x72-xaz+% -xa-faz—’—%
12 j m.. X, 3 V,X—Y, 3 X+y,% 5 %y, 3 x4y, 3 X—y,X,3 no extra conditions
yrxa% xiym)_}?% fv-f+y7% yvxvi i+y7y7% xvxiyvj_t
12 i .2. x,0,0 0,x,0 x,%,0 x,0,1 0,%,3 X,X, 3 hkil : 1=2n
X7070 O,X,O X,.X',O X,O,% O,X,% f,f,%
6 h mm?2 x,2x, 3 2%,%, % X, X, 1 X,2x, 3 2x,x,3 x,x,3 no extra conditions
6 8 2/m %,0,0 0a%70 %a%70 %aoa% 07%7% %>%a% hkll : l:2n
4 f 3m. 552 Lt 2R F¥4 Nt hkil x| =2n
or h—k=3n+1
or h—k=3n+2
4 e 3m. 0,0,z 0,0,z+1 0,0,z 0,0,7+14 hkil : 1=2n
2 d 6m2 1,33 EREN hkil : 1=2n
~ or h—k=3n+1
2 ¢ 6m2 1,31 21,3 or h—k=3n+2
2 b 6m2 0,0, : 0,0,3 hkil : 1=2n
2 a 3m. 0,0,0 0,0,1 hkil : 1=2n
Symmetry of special projections
Along [001] p6mm Along [100] p2gm Along [210] p2mm
a=a b =b a’' = i(a+2b) b =c a=1b b =lc
Origin at 0,0,z Origin at x,0,0 Origin at x, 3x,0

(Continued on preceding page)
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P23 T' 23 Cubic

No. 195 P23 Patterson symmetry Pm3

K

—

N
a9 —

N

N

LA
|

A

K|
4—%“!

179
5

Origin at 23

Asymmetric unit 0<x<1; 0<y<l1; 0<z<j3 y<l-x z<min(x,y)
Vertices 0,0,0 1,0,0 0,1,0 3,i,%

Symmetry operations

(H 1 2) 2 0,0,z (3) 2 0,y,0 4 2 x,0,0
5) 3% x,x,x 6) 3" x,x,x (7 3* x,x,%x ®) 3" x,x,x
) 3 x,x,x (10) 3= x,%,x (11) 3~ x,x,x (12) 37 x,x,x

Copyright © 2006 International Union of Crystallography 602


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o195/

CONTINUED No. 195 P23

Generators selected (1); 7(1,0,0); #(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry h,k,l cyclically permutable
General:
12 j 1 ) x,y,z 2) x,y,z 3) x,y,z 4) x,v,z no conditions
() z,x,y (6) z,%,y (7 z,%,y (®) Z,x,y
9) y.zx (10) y,z,x a1 y,z,x (12) y,z,x
Special: no extra conditions

6 i 2 X33 X353 3,3 3,3 3,3,% 3,5, %

6 h 2 ‘x7%70 ‘f’%70 07‘x’; 07‘f’% %’O’X %’072

6 2 ‘x707% X’O’% %’x70 %’270 07%7‘x 07%7‘f

6 f 2 x,0,0 x,0,0 0,x,0 0,x,0 0,0,x 0,0,x

4 e 3 X,X,X X, X,x X, x,x X, X, X%

3 d 222.. 3,0,0 0,3,0 0,0, 3

3 ¢ 222.. 0,7,5 3,03 3,1,0

I b 23. 313

1 a 23. 0,0,0
Symmetry of special projections
Along [001] p2mm Along [111] p3 Along [110] p1m1
a=a b=b>b a=3i(2a—b—c) b =i(—a+2b—c) a=i(—a+b) b=c
Origin at 0,0,z Origin at x,x,x Origin at x, x,0

Maximal non-isomorphic subgroups

I [31P21(P222,16) 1;2; 3; 4
[4]P13(R3,146)  1:5: 9
[41P13(R3,146)  1; 6; 12
[41P13(R3,146)  1; 7; 10
[4]P13(R3,146)  1: 8 11

IIa none
IIb [2]F23(a’=2a,b'=2b,¢' =2¢)(196); [4]12,3 (a’ =2a,b' =2b,c¢ =2¢) (199); [4]123 (a’ = 2a,b’ = 2b,¢ = 2¢) (197)

Maximal isomorphic subgroups of lowest index
IIc [27]P23(a =3a,b' =3b,¢ = 3c¢) (195)

Minimal non-isomorphic supergroups
I (2] Pm3 (200); [2] Pn3 (201); [2] P432(207); [2] P4,32 (208); [2] P43m (215); [2] P43 (218)
II  [2]1723(197); [4] F23(196)
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23 Cubic
F 2 3 Patterson symmetry F'm3

International Tables for Crystallography (2006). Vol. A, Space group 196, pp. 604—606.

F23

No. 196
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CONTINUED

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

(1
®) 3" x,x,x
) 3 x,x,x

For (0,4,2)+ set

1 1
5) X—=3,X—5,X

355,5) X, X+i,x
—(1 1 1 1 1
9) 37(3,5,5) xt5xtg,x

(2)2 00,z
6) 3" %,x,%
(10) 3 x,%,%

No. 196

(32 0,0
(7) 3" x,%,%
(11) 3~ &%,x

(3) 2(07%70) Ovyvi
(7) 3+(_%7%7%) x+%af_%7f
(11) 3~ T+1,5+1x

(3) 2 iy
(7) 3* x+1xi-1x
(11) 3~ i+ %x

(3) 2(0,5,0) 35,0
(7) 3" x+1 %%
(11) 37(%7%77%) .f‘i’%,f‘i‘é,x

Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); #(0,4,4); #(3,0,3); (2); (3); (5)

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

48 h 1 ) x,v,z

() z,x,y

) y,z,x
24 g 2. X, 5.3
24 f 2. x,0,0
16 e .3. X, X, X
4 d 23. 332
4 ¢ 23. i
4 b 23. 14
4 a 23. 0,0,0

(0,0,0)+

(2) %3,z
(6) z,%x,¥
(10) y,z,x

Ral
Blw
ST
IS}
=
N

Ral
N
o
N
=

(e

Symmetry of special projections

Along [001] p2mm
a'=;a b = ;b
Origin at 0,0,z

Along [111] p3
a=:ia—-b-c¢)
Origin at x,x,x

29

F23

4) 2 x,0,0
(8) 3" %,%,x
(12) 3~ £x,%

4 2 x5
(8) 3* %,i+!
(12) 3 i

4 2(5,0,0) x,0,3
(8) 3" xt3,%+3,x
(12) 37(%7_%7%) f—%,x—i—%,f

Reflection conditions

h,k,l cyclically permutable
General:

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

Okl : k,l=2n
hhl © h+1=2n
h00: h=12n

Special: no extra conditions

Along [110] c1m1

@) x5,z

(®) Z,x,y

(12) y,z,x
X ik
0,0,x 0,0,x

(—a+2b—c¢)

a =1i(—a+b) b =c

Origin at x, x,0
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F23

No. 196

Maximal non-isomorphic subgroups

[31F21(F222,22)
[4] F 13 (R3, 146)
[4] F 13 (R3, 146)
[4] F 13 (R3, 146)
[4] F 13 (R3, 146)

a ([4]1P2,3(198)
[4] P2,3 (198)
[4] P2,3 (198)
[4] P2,3 (198)
[4]1 P2,3 (198)
[4] P2,3 (198)
[4] P2,3 (198)
[4] P2,3 (198)
[4] P23 (195)
[4] P23 (195)
[4] P23 (195)
[4] P23 (195)
[4] P23 (195)
[4] P23 (195)
[4] P23 (195)
[4] P23 (195)

none

(1; 2; 3; 4)+

(1; 5, 9)+

(1; 6; 12)+

(1; 7; 10)+

(1; 8; 11)+

1555 9; (25 75 12) 4+ (0,3,35); (45 6; 11)+(5,0,3); (3; 8 10) +(3,3,0)
1; 7, 10; (2; 5; 11)+(0,3,3%); (4; 8; 12)+(3,0,3); (3; 6; 9)+ (3,3,0)
15 8; 115 (25 6; 10) +(0,3,3); (45 75 9) +(35,0,3); (35 5; 12) + (3, 3,0)
1; 6, 12; (2; 8;9)+(0,3,4); (45 5: 10)+(3,0,3); (3: 7; 11)+(5,1,0)
1555 95 (35 8; 10) +(0,3,3)s (25 75 12) +(5,0,3); (4; 65 11) +(3,3,0)
1; 7 10, (3; 6, 9)+(0,4,1); (25 55 11)+(3,0,3); (4; 8 12) +(3,3,0)
15 85 115 (35 55 12) 4+ (0,3, 3); (25 6; 10) +(3,0,3); (45 75 9) + (3, 3,0)
1; 6, 12; (3; 7; 1)+ (0,5, 1); (2 8; 9)+(4,0,4); (4; 5; 10) + (4,1,0)
1; 2;3;4; 5,6, 7, 8 9; 10; 11; 12

132; 3; 4 (5: 6, 75 8) +(0,5,3): (95 10; 113 12) + (3,5,0)

1; 2; 3; 4; (5; 6, 75 8) +(5,0,5); (9; 105 115 12) + (0,5, 5)

1;2; 3,45 (5: 6, 7; 8) 4+ (3,35,0); (95 10; 115 12) 4 (5,0, 5)

1555 95 (45 6; 11)+(0,3,3); (3; 8 10) + (%,0,%); (2; 7; 12) + (5,3,0)
15 7; 105 (45 8, 12) +(0,3,3); (35 6; 9) +(35,0,3); (25 5; 11) +(3,3,0)
1; 8 115 (45 7, 9)+(0,3,3); (35 55 12) +(5,0,3); (2; 65 10) +(3,3,0)
15 6; 125 (455, 10) +(0,3,3); (35 75 11)+(5,0,3); (25 85 9) +(5,3,0)

Maximal isomorphic subgroups of lowest index
IIc [27]F23(a’=3a,b' =3b,c¢ = 3c¢) (196)

Minimal non-isomorphic supergroups

I [2] Fm3(202); [2] Fd3 (203); [2] F 432 (209); [2] F 4,32 (210); [2] F43m (216); [2] F 43¢ (219)

11 [2]1 P23 (a = ic,b = ib,¢ = ic¢) (195)
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International Tables for Crystallography (2006). Vol. A, Space group 197, pp. 608—609.

123 T 23 Cubic

No. 197 123 Patterson symmetry /m 3
Y
MK N4
3R ' i
r — §/ /k 4—K§ -1
-— ' \—
A X
j— ' oo A / .
MK MK
S ' =
'I‘V ll * ! ‘*V
L T
S 7 o
2 o v &
Origin at 23

Asymmetric unit 0<x<1; <y<i 0<z<i y<min(x,1-x); z<y

0
Vertices 0,0,0 1,0,0 1,1,0 1i,3,%

Symmetry operations

For (0,0,0)+ set

(1 (2)2 00, (3)2 0,0 4) 2 x,00

®) 3" x,x,x 6) 3" x,x,x (7 3" x,x,x ®) 3* x,x,x

) 3 x,x,x (10) 3~ x,%,% (11) 3 %,%,x (12) 3~ %,x,%

For (4,4,4)+ set

(1) t(%7%a%) (2) 2(0,0a%) %a%az (3) 2(0,%a0) %ay?% (4) 2<%a0?0) x?%,%

(5) 3+(%a%a%) X, X, X (6) 3+(éaféaé) f+%,x+%,i (7) 3+(7évévé) x+§7)37%7i (8) 3+(é7évfé) X+%,X+§,x
(9) 37(%&’%) X, X, X (10) 37(_éa%a%) x—l—%,i—l—%,f (11) 37(2;’%’_%) X—’—%?i—’—%?x (12) 37(%7_#%) X_%ax—’—%?i
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(3,1,3); (2); (3); (5)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry (0,0,0)+  (3,7,3)+

24 f 1 (D x,y.z 2 %3,z 3) %,z ) x,3,2
(5) z,x,y (6) z,%,y (7) z,%,y ®) Z,x,y
9) y.z.x 10) y,z,x 1) y,z,x (12) y,z,x

12 e 2.. x,1.0 x,1,0 0,x,1 0,x,1 1,0,x

12 d 2.. x,0,0 x,0,0 0,x,0 0,x,0 0,0,x

8§ ¢ .3. X, X, X X, X,x X, x, X X, X, X

6 b 222. 0,3,5 5,05 3,5,0

2 a 23. 0,0,0

Symmetry of special projections

Along [001] c2mm Along [111] p3

a=a b=b =1(2a—b—¢) b =i(-a+2b—c)
Origin at 0,0,z Origin at x,x,x

Maximal non-isomorphic subgroups

I [3]721(222,23) (1; 25 3; 4)+
[41113(R3,146)  (1: 5; 9)+
[41113(R3,146)  (1; 6; 12)+
[41713(R3,146)  (1; 7; 10)+
[41713(R3,146)  (1; 8 11)+
IMa [2]P23(195) 1323, 4,5, 6, 7; 8 9 10; 115 12

IIb none

Maximal isomorphic subgroups of lowest index
IIc [27]123(a =3a,b' =3b,¢ =3c¢)(197)

Minimal non-isomorphic supergroups
I [211m3 (204); [211432 (211); [21143m (217)
II [4]1P23 (a = 1a,b' = ib,¢' = ic) (195)

609

No. 197

123

Reflection conditions

h,k,l cyclically permutable
General:

hkl : h+k+1=2n
Okl : k+1=2n
hhl : 1 =2n

h00: h=2n

Special: no extra conditions

Along [110] p1m1

a'=j(—a+b)

_ 1
b/—ic

Origin at x,x,0



International Tables for Crystallography (2006). Vol. A, Space group 198, pp. 610-611.

4
P23 T 23 Cubic
No. 198 P23

Patterson symmetry Pm3

-
/
I'd
/
N

= A, w4
N J l 3¢
8 A ..
) 7 ' g
% : A & A By
; b
A A

: _ - .
o 7 g 7 &

Origin on 3[111] at midpoint of three non-intersecting pairs of parallel 2, axes

Asymmetric unit 0<x<i 0<y<i; —-31<z<}i max(x—3,—y) <z<min(x,y)

29
: 1 11 1 111 1 1
Vertices 07070 EaOaO E?an Oa570 25292 Oaia_i

Symmetry operations

(1 (2) 2(0,0,5) 3.0,z (3) 2(0,3,0) 0.y 4) 2(3,0,0) x,5,0
(5) 3* x,x,x (6) 3* X+s3,x,% (7) 3 x+3,%x—1.x (8) 3* X,x+35,x
(9) 3- X, X, X (10) 37(7%3%3%) X+é,f+é,f (11) 37(%7%77%) x+%a£+éax (12) 37(1 7%’%) f*%,)ﬁk%,f
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CONTINUED

Generators selected (1);

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

12 b 1 (1) x,y,z
(5) z,x,y
) y,z,x
4 a .3. X, X, X

1(1,0,0);

No. 198

t(0,1,0); £(0,0,1); (2); (3); (5)

Coordinates

(2) ¥+5.5,2+ 4 x+3,5+75,2

L 241

(6) z+35,5+3,y (7)z+2,fy+5 &) Zx+3,5+3
(10) ¥,z +3,%+ 3 (1) y+5,2+3,% (12) 3+ 5,Z,x+ 3
FHLEx+HY Taxth i xbhE4LE

Symmetry of special projections

Along [001] p2gg
a=a b'=b
Origin at 1,0,z

Along [111] p3
=3i(a—-b—¢) b =i(—a+2b—c)
Origin at x,x,x

Maximal non-isomorphic subgroups

I [31P2,1(P2,2,2,,19)
[4]1 P13 (R3, 146)
[4]1 P13 (R3, 146)
[4]1 P13 (R3, 146)

[4] P13 (R3, 146)
IIa none

IIb

none

3; 4
5; 9
6; 12
7; 10
8; 11

Maximal isomorphic subgroups of lowest index

Ilc

[27]1P2,3 (a’=3a,b' =

3b,¢ = 3¢) (198)

Minimal non-isomorphic supergroups
I [2] Pa3 (205); [2]1P4,32(212); [2]1P4,32(213)
II [2]112,3(199); [4]1 F23(196)

611

P23

Reflection conditions

h,k,l cyclically permutable
General:

h00: h=2n

Special: no extra conditions

Along [110] p1g1
a’=ji(—-a+b)
Origin at x+ 1,x,0

b =c



International Tables for Crystallography (2006). Vol. A, Space group 199, pp. 612-613.

12,3 T 23 Cubic

NO. 199 I 21 3 Patterson symmetry /m3

i

- —
A4
(E—>M-—

N
i . ’ > ‘ N i
K 3¢
A S
: )& -2 = v — T
" T B T ¥ /
Bl | isAe A& A alA A A& | & &
| :
R : F,&% A . zAl -1 3 & =
W T 9 T ¥ F O F N

Origin on 3[111] at midpoint of three non-intersecting pairs of parallel 2 axes and of three
non-intersecting pairs of parallel 2, axes

Asymmetric unit 0<x<i 0<y<i; 0<z<i z<min(x,y)
Vertices 07070 %70’0 %7%’0 07%70 %7%7%
Symmetry operations
For (0,0,0)+ set
(H 1 (2) 2(0,0,3) 3,0,z (3) 2(0,3,0) 0.y, 4 2(3,0,0) x,5,0
5) 3* x,x,x (6) 3" X+i,x,% (7) 3" x+3,x—1% (8) 3" X, x+i,x
9 3" xxx (10) 37(—3,3,5) xt+g,5+5,% (11) 37(5,3,—3) X5, T+g,x (12) 37(5,—1,5) X—gx+3,%
For (4,4,4)+ set
() 1(3,3.3) (2) 2 0,52 (3)2 0 4 2 x0,
(5) 3+(%a%a%) X, X, X (6) 3+(éa %aé) f*é,X*F%,)E (7) 3+(7%7(l;7(]_;) x+é,i+é,i (8) 3+(é7é77é) X+%7X+é7x
(9) 37(%&’%) X, X, X (10) 37(%a_é’_é) x+é?f+éaf (11) 37<_%7_%,é) )E-l—%,)?—l—é,x (12) 37(_éa%a_é) X—%,X‘i‘%,f
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CONTINUED

Generators selected (1); #(1,0,0); #(0,1,0); #(0,0,1);
Positions
Multiplicity, Coordinates
Wyckoff letter, O
Site symmetry (0,0,0)+  (3,7,3)+
24 ¢ 1 1) x,y,z 2) x4+ 3,5,z+3

() z,x,y (6) z+35,%+13,5

©) y,z,x (10) y,z+ 35,5+ 3
12 b 2 x,0, 5 x+3,0,2 x,0
8 a .3. X,X,X X+3,5x+3 X,x+

Symmetry of special projections

Along [001] c2mm Along [111] p3
a=a b =b =1(2a—-b—¢)
Origin at 1,0,z Origin at x, x,x

Maximal non-isomorphic subgroups
I (3112,1(12,2,2,24) (15 2; 3; 4)+

[4]1113 (R3, 146) (1; 5; 9)+

[4]1713 (R3, 146) (1; 6; 12)+

[4]1113 (R3, 146) (1; 7; 10)+

[4]1113 (R3, 146) (1; 8 11)+
IIa [21 P2,3(198) 1; 2;3;4; 5,6, 7; 8 9
IIb none

Maximal isomorphic subgroups of lowest index
IIc [27]12,3 (@ =3a,b’ =3b,¢' = 3c) (199)

Minimal non-isomorphic supergroups
I [2]17a3 (206); [2]1 14,32 (214); [2]143d (220)
II [4]1 P23 (a’ = 1a,b' = ib,¢ = i¢) (195)

No. 199

t(3,3:3); (2); (3); (5)

1Lz+
(D) 2+ 5 0y+!
A y+3,2+47,

613

1
2
2
X

b =!(—a+2b—c)

) x+3,5+3.2
() Z,x+3,5+;5
(12) y+5,2,x+3

12,3

Reflection conditions

h,k,l cyclically permutable
General:

hkl : h+k+1=2n
Okl : k+1=2n
hhl : 1 =2n

h00: h=2n

Special: no extra conditions

Along [110] p1m]1

a'=;3(—-a+b)

1
b’:5c

Origin at x,x+ 1,0



International Tables for Crystallography (2006). Vol. A, Space group 200, pp. 614-615.

Pm?3

1
E m3
No. 200 P2/m3
I xéx 3 .\siu‘
B M 34 b2 M 34

N‘K 8 M‘K
A *K ; A *K
ﬁéf "%éﬁ ﬁ 4 %@ 2
ﬁ?‘% E i Gt & A
Origin at centre (m3)
Asymmetric unit 0<x<3; 0<y<i 0<z<i% z<min(x,y)
Vertices  0,0,0 3,0,0 5,30 0,50 3,33
Symmetry operations
(1 (22 0,0,z (3)2 0,90 “ 2 x0,0
(5) 3" x,x,x (6) 3" x,x,% (7) 3" x,x,%x (8) 3" x,x%,x
© 3 x,x,x (10) 37 x,%,x (11 3~ x,x,x (12) 37 x,x,x
(13) 1 0,0,0 (14) m x,y,0 (15) m x,0,z (16) m 0,y,z

17 3* x,x,x; 0,0,0
21 37 x,x,x; 0,0,0

(18) 3* ©,x.% 0,0,0
22) 3 x,%% 0,0,0

(19) 3* x,%,% 0,0,0
(23) 3~ %,%,x; 0,0,0

Cubic

Patterson symmetry Pm3

(20) 3* %,%x; 0,0,0
(24) 3~ %,x,% 0,0,0

Minimal non-isomorphic supergroups
I [21 Pm3m (221); [2] Pm3n (223)
II [2]1I1m3 (204); [4] F m3 (202)
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CONTINUED

Generators selected

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
24 1 1 (1) x,yz (2) x,y,z (3) %,y.z
(5) z,x,y (6) z,%,y (7 z,%,y
) y,z,x (10) y,z,x an y,z,x
(13) x,y.z (14) x,y,Z (15) x,y,z
(7 z,x,y (18) z,x,y (19) z,x,y
2D y,z,x (22) y,z,x (23) y,z,x
12k m.. 30,2 3,92 30,2 3,92
Z1,y ENT Y23 V2,3
12 j m" 07y’Z an_az 07y72 an_az
2,0,y 7,0,y »,2,0 ¥,2,0
8 1 .3. X, X, X X,X,x X, X, X% X, X, X
X, X, X X, X, X X, X, X X, X, X
6 h mm2 X33 X33 3%, 3%, 3
6 mm?2 x>%a0 f>%a0 O,X,% Oa)@%
6 f mm?2 x70>% 2707% E7-xa0 %7)2’0
6 e mm?2 x,0,0 x%,0,0 0,x,0 0,x%,0
3 d mmm £,0,0 0,:,0 0,0,1
3 ¢ mmm 0,5,3 3,03 3,1,0
1 b m3. 13,
1 a m3. 0,0,0

Symmetry of special projections

Along [001] p2mm Along [111] p6
a=a b =b a=32a—-b—c)
Origin at 0,0,z Origin at x,x,x

Maximal non-isomorphic subgroups
I [2]1 P23 (195)

[31Pm1 (Pmmm,47) 1; 2; 3; 4; 13; 14; 15; 16
[41 P13 (R3, 148) 1; 5;9; 13; 17; 21
[41 P13 (R3, 148) 1; 6; 12; 13; 18; 24
[41 P13 (R3, 148) 1; 7; 10; 13; 19; 22
[4]1 P13 (R3, 148) 1; 8; 11; 13; 20; 23
IIa  none
IIb

Maximal isomorphic subgroups of lowest index
IIc [27]1Pm3(a’ =3a,b' =3b,c = 3c) (200)

(Continued on preceding page)
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(1); ¢(1,0,0); £(0,1,0); £(0,0,1); (2); (3); (5); (13)

@ x,3,Z
®) z,x,y
(12) y,7,x
(16) x,y,z
(20) z,x,y
24) y,z,x

2,3,y
V.23
7,0,y
»Z,0

b =;i(—a+2b-c)

1; 2;3;4; 5,6; 7, 8 9; 10; 11; 12

No. 200

Reflection conditions

h,k,l cyclically permutable
General:

no conditions

Special: no extra conditions

SIS
N O 2 i
S < RI= )

Along [110] p2mm
a=i(—a+b)
Origin at x, x,0

b=c

[21 Fm3 (a’ =2a,b' =2b,c¢ =2¢) (202); [4] a3 (a’ =2a,b’ =2b,c = 2¢) (206); [4] Im3 (a’' = 2a,b’ =2b, ¢ = 2¢) (204)



International Tables for Crystallography (2006). Vol. A, Space group 201, pp. 616-619.

Pn3

2
1, m3 Cubic
NO. 201 P 2 / ng Patterson symmetry Pm3
ORIGIN CHOICE 1
' b i .
AN | i AR
| !
| 5!
e X S
! }4 A\t !
= ¥
| i
-— | ' ; \—
i Ki
KA
_________ ; c;,_._._._ _._._._._ci,;._._._._
! !
MK | ! MK
/tsx : ﬂts\:’

(S]]
N~—

Origin at 23, at —1,—4,—1 from centre (

Asymmetric unit 0<x<1; 0<y<lil; 0<z<i; vy
Vertices 0,0,0 1,0,0 4,i,0 4144
Symmetry operations
(1) 1 ()2 0,0,z
5) 3* x,x,x 6) 3" x,x,x
)] §’ X, X, X (10) 37 x,x,x
(13) 1 %a%7% (14) I’l(%,%, ) -xaya%

(17) 3° x,x,% 1,1,3

> )15 (18) 3" x— Lx+ 1,5 —4,4,3
(21) 37 X, X, X5 %azl_ui - %

(22) 3 x+1,x—1,% 1,—1,1

Copyright © 2006 International Union of Crystallography
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4) 2 x,0,0

(8) 3' %, %,x

(12) 3" &x,%

(16) n(0,5,3) 32
%7_% (20) 3* i—’—laxa-X; %7_%a1
AIT’%MIT (24) 3- )E‘Fl,x,)f; %7%772
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CONTINUED No. 201 Pn3

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); (2); (3); (5); (13)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry h,k,l cyclically permutable
General:
24 h 1 (1) xyz (2) x,9,2 3) x5,z 4 x,3,z Okl : k+1=2n
9) y,2,x (10) y,z,x an yzx (12) y,z,x
(13) x+3,5+3,2+3 D) x+5y+35,2+5 (AS)x+3,5+35,2+5 (16) X+3,y+3,2+3
A7) Z+ 3,8+ 5,9+3 (I8 Z+3,x+3,y+3 (D z+3,x+3,+35 20) z+ 3,5+ 3,y+;
CDy+3.2+55+5 22 y+s5.2+5x+; @) i+5zt5x+; CHy+iz2+5,8+3
Special: as above, plus
12 g 2.. x,3,0 %, 3,0 0,x,3 0,%,3 £,0,x 1,0,x hkl : h+k+1=2n
£+3503;  x+3503 3%+50  5x+30  05,8+3  0,5x+3
12 f 2.. x,0,0 x,0,0 0,x,0 0,x,0 0,0,x 0,0,x hkl : h+k+1=2n
X+551  x+5nn: nX+ni 0 nxtni X+ 55X+
8 e 3 X, X, X X,X,x no extra conditions
X, X, X X, X, X
FHLEHLEEE  xb b i
I N
6 d 222 0,3,3 5,03 11,0 1,0,0 0,3,0 0,0, 3 hkl : h+k+1=2n
4 ¢ 3 HhE bBLi b b hkl : h+kh+1k+1=2n
4 b .3 SIS S B I IE R 1 hkl : h+kh+1k+1=2n
2 a 23. 0,0,0 31353 hkl : h+k+1=2n
Symmetry of special projections
Along [001] c2mm Along [111] p6 Along [110] p2mm
a=a b=>b a=12a-b-¢c) b=4i(-a+2b-c) a =j(—a+b) b =c
Origin at 0,0,z Origin at x,x,x Origin at x,x, 3

Maximal non-isomorphic subgroups

I [21 P23 (195) 1; 2; 3,4, 5, 6; 7, 8, 9; 10; 11; 12
[31Pnl (Pnnn,48) 1; 2; 3; 4; 13; 14; 15; 16
[4]1 P13 (R3, 148) 1
[4]1 P13 (R3, 148) 1
[41 P13 (R3, 148) 1;
[41 P13 (R3, 148) 1

IIa none

IIb [2]Fd3(a =2a,b =2b,c =2c)(203)

55, 9; 13; 17; 21
; 6; 125 13; 18; 24
7; 10; 13; 19; 22
8; 11; 13; 20; 23

Maximal isomorphic subgroups of lowest index
IIc [27]1Pn3(a’ =3a,b’ =3b,c¢ =3c) (201)

Minimal non-isomorphic supergroups
I [21 Pn3n(222); [2]1 Pn3m (224)
II [2]1Im3 (204); [4] F m3 (202)
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_ ’ _
Pn3 1, m3 Cubic
NO. 201 P 2 / n 3 Patterson symmetry Pm3

ORIGIN CHOICE 2

N I N .
L Al I
| R
Y
J-<-—i I I——..l
T ' | ' I
l l & Y
i IR A O
|!,'_4._._._._._._.>_’% _______________ {}4
| i i
| i i
- Ty KO ' .
IR :
| i i
| [ i
N ‘ A ‘ N

Asymmetric unit = —;<x<3 —;<y<y —3<z<y y<min(x,;—x); z<y

Vertices 7%77%37% %77}177% %7%77% %7%7%
Symmetry operations
(1 (2) 2 iz (3)2 iy ) 2 x3.3
(5) 3* x,x,x 6) 3* X,x+1,% (7) 3* x+1,%,% (8) 3* F+i,x+ix
) 3 xx,x (10) 37 x+3,%,% (11) 37 x+3,%x+3,x (12) 37 %,x+3,%
(13) 1 00,0 (14) n(3,5,0) x,0 (15) n(5,0,3) x,0,z (16) n(0,3,5) 0.z

(17) §+ X, X, X3 O7Oa0 (18) 3+ )E—l,x—i—%,)?, _%a()?% (19) §+ x_zl,f—i_lai’ Oaéa_% (20) §+ X—’—%?-f_zl?x’ %?_%’
(21) 3- X, X, X5 O7Oa0 (22) 3- x—l—%,f—l,)?, 0 _%a% (23) 3- X_%af—i_%?x’ _%a%70 (24) 3- X—’—]?x_%ai’ %aoa_i

- O
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0);
Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
24 h 1 D) x,y,z 2)x+35,9+3,z
() z,x,y (6) 2, X+ 3,7+
) y,z,x (10) 3+ 3,2, %+ 3
(13) x,y,z (14) x+3,y+13,Z
a7 z,x,y (18) Zx+3,y+3
2D y,z,x (22) y+3,Z,x+ 3
12 g 2 xa%?% f+%a%a% %,X,%
%13 X+1,53 eI
12 f 2 x,];,ﬁ -f—"_%aj_t?% z]_uxwlt
%13 X+i,43 e
8 e 3 X, X, X X435+ 4x X+3
X,%,X X+ 3x+ 1% X+3
6 d 222 i i3 i
4 ¢ .3, 313 0,0, 3 0,5,0
4 b .3 0,0,0 33,0 3,0,3
2 a 23. TR i3
Symmetry of special projections
Along [001] ¢c2mm Along [111] p6
a=a b=b>b =i(2a—b—c) b =

Origin at 1,4,z Origin at x, x,x

Maximal non-isomorphic subgroups

I [2]1 P23 (195) 1;2;3; 4: 5,6, 7; 8 9; 10;
[31Pnl(Pnnn,48) 1; 2; 3; 4; 13; 14, 15 16
[4]1 P13 (R3, 148) 1; 5, 9; 13; 17; 21

[41 P13 (R3, 148) 1; 6; 12; 13; 18; 24

[41 P13 (R3, 148) 1; 7; 10; 13; 19; 22

[4] P13 (R3, 148) 1; 8; 11; 13; 20; 23

none

[2]1 Fd3 (a =2a,b =2b,c = 2c) (203)

IIa
IIb

Maximal isomorphic subgroups of lowest index
IIc [27]1Pn3(a’ =3a,b’ =3b,c¢ =3c) (201)

Minimal non-isomorphic supergroups
I [2] Pn3n (222); [2] Pn3m (224)
II  [2]1m3(204); [4] Fm3 (202)

1(0,0,1); (2); (3); (5); (13)

(3)x+3,v,7+3
(7 Z+ 5,5+ 4y
(1) y,z4+ 3,5+
(15) x+3,7,z2+ 3
(19) z+3,x+1,y
(23) y,z+5,x+3

1 = 1 3
Xt a,3
3 1 1
nX+i,7
1 = 1 1
nX+i,3
3 1 3
nX+i3,3
_ _
, X, X+ 3 X, X
_ ; _
7-xax+5 X, X
311 131
494 4 47494
1
57070
11
07Ev5
i(—a+2b—c)
11; 12
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+ +

(SIS

No. 201

“4) x y+ ,Z
®) z+35,xy
(12) y+ 3,72+ 3,
(16) x,y+3,z+
(20) z+3,%,y+
4) y+3,2+3,

ot T

= % I -

1 31 =
y 19X ZvZ?x+
3 = 1 3
y 39X ZaZ?‘x+
1 11 =
y 39X ZaZ?‘x+
3 = 3 3
y 39X ZaZ?‘x+
= 1
7-x+5

1
7-x+5

113

47494

2

2

Reflection conditions

h,k,l cyclically permutable

General:
Okl : k+1=2n
h00: h=2n

Special: as above, plus

hkl : h+k+1=2n

hkl : h+k+1=2n

no extra conditions

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

Along [110] p2mm

a'=;j(—a+b)

b =c

Origin at x, x,0



International Tables for Crystallography (2006). Vol. A, Space group 202, pp. 620-622.

_ 3 _
Fm3 1, m3 Cubic
NO. 202 F 2 / m§ Patterson symmetry Fm3
i ? E
L AWK RH A
= § s

Origin at centre (m3)

Asymmetric unit X
Vertices ,0,0

<3 0<y<y; 0<z<i y<x z<min(}—xY)
0

Symmetry operations

For (0,0,0)+ set
(H 1 (2) 2 0,0,z 3)2 0y0 @ 2 x,0,0
(5) 3" x,x,x (6) 3" x,x,x 7 3 x,x,x @®) 37 x,x,x
9 3 x,x,x (10) 37 x,x,x (11) 3~ x,x,x (12) 37 x,x,x
(13) 1 0,0,0 (14) m x,y,0 (15) m x,0,z (16) m 0,y,z
(17) 3* x,x,x; 0,0,0 (18) 3+ x,x,%; 0,0,0 (19) 3+ x,%,%; 0,0,0 (20) 3+ x,%,x; 0,0,0
21 3 x,x,x; 0,0,0 (22) 3 x,%,% 0,0,0 (23) 3 %,%,x; 0,0,0 24) 3 %,x,% 0,0,0
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CONTINUED No. 202 Fm3

Symmetry operations (continued)

For (0,3,3)+ set

(1) 1(07%,%) (2) 2(0,0,5) 0,32 (3) 2(0,3,0) 0.y, ) 2 x3.3

(5) 3+(%7%7%) x—%,x—é,x (6) 3+ f>x+%>f (7) 3+( %7%7%) x+%ai_éa-f (8) 3 XX+2,X

(9) 37(5:3,5) X—g.X+5,x (10) 37(—3,5,5) X+g,5+5,% (11) 37 x45,%45,x (12) 37 x—3,x+5,%

(13) T 0,53 (14) b xy,; (15) ¢ x32 (16) n(0,5,3) 0O,z

(17) 3* x,x+14,x; 0,1,0 (18) 3* x—1,x+1,% —3,0,1 (19) 3* x,x+1,%; 0,1,0 (20) 3* x+1,%+41,x; £,0,1
(21) 3 xi%axi%a)@ 070a2l (22) 3 X+2, %,f, 70a2l (23) 37 f7%7f+%7x7 7%7%70 (24) 37 f+%,x+%,f, %7%70
For (4,0,2)+ set

(1) 1(2,0.4) (2) 2(004) L0 (3)2 by (4) 2(4,0,0) x0,4

(5) 3 (L) xbta—tx  (6) 3(L,—11) FHLaFLE () 3 xblE-LE (8) 3° FH1,F+1x

(9) 37(%7%%) X*é,X*%,x (10) 3 x+%,i,f (11) 3- f+%7f7x (12) 3- ( 3 27%) f*é,Xﬁ*%,f
13) 1 10,1 (14) a xyi (15) n(3,0.4) x0.z (16) ¢ 1z

(17) §+ x_%rx_%rxs 0707% (18) 3+ X %7)6—}—%7)2; 0707% (19) 3+ x+%7-f+%ai’ %7%a0 (20) 3+ X—’—%?f_%?x’ %7_%70
(21) 37 X+%,X,X, %7()’0 (22) 37 X+E,X*1,f, Oaiéa% (23) 37 i+%7i+lvxv 07%7% (24) 37 f+%,x,f; %7070
For (3,3,0)+ set

(1) 1(,40) @) 2 Liz (3) 2(0.£0) 430 (4) 2(2,0.0) x40

(5) 3'(5,51) wHbxthy  (6) 3 B (7) 3 x+hET (8) 3°(5,5,—1) Fb Erix
(9) 37(%7%7%) x—I—%,x—l—é,x (10) 3 )C’)E-i-%’f (]]) 3" (5737_5) f+%af+%a-x (]2) 3" Xa-x—’—%"f

(13) T 1,10 (14) n(3,1,0) xy0 (15 a xiz (16) b Ly

(17) §+ x+%axax; %7()’0 (18) §+ fi%ax+17f; 0,%,21 (19) §+ X*%,f‘f’l,f, 07%77% (20) §+ f+%,f,x; %7070
(21) 37 x>x+%7-X; 07%70 (22) 37 x+la-f_%7f; %70”1 (23) 37 -frf—"%rX; 0>%a0 (24) 37 -f+1>x_%a-f; %aoa_%

Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); #(0,4,3); £(3,0,3); (2); (3); (5); (13)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, . 1 1 .
Site symmetry (0,0,00+ (0,5,3)+ (5,0,3)+ (5,5,0)+ h,k,I cyclically permutable
General:
9% i 1 1) x,y,z 2) x,y,z 3) x,y,Z 4) x,y,Z hkl © h+kh+1Lk+1=2n
(5) z,x,y (6) z,%,y (7 z,x,y ) Z,x,y Okl = k,l=2n
) y,z,x (10) y,z,x an y,z,x (12) y,z,x hhl = h+1=2n
(13) 7,5, (14) x,y.2 (15) x5,z (16) %,z h00: h=2n
a7 z,x,y (18) Z,x,y (19) z,x,y (20) z,x,y
21 y,z,x (22) y,z,x (23) y,z,x (24) y,z,x
Special: as above, plus
48 h m.. 0,y,z 0,y,z 0,y,z 0,9,z z,0,y z,0,y no extra conditions
%0,y 7,0,y »,2,0 ¥,2,0 »z,0 ¥,2,0
48 g 2. X33 EA N 3% 3 %5 i1 X 31X hkl : h=2n
%33 X, 53 3% HES 31X DX
32 f .3. X,X,X X, X,x X,x,X X, %, X no extra conditions
X, X, X X, X, X X, X, X X, X, X
24 e mm?2.. x,0,0 x%,0,0 0,x,0 0,x,0 0,0,x 0,0,x no extra conditions
24 d 2/m Oa%a% O?%a% %707% %707% %7%70 %7%’0 hkl : h=2n
8 ¢ 23 A 222 hkl : h=2n
4 b m3. . no extra conditions
4 a m3. 0,0,0 no extra conditions
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Fm3 No. 202 CONTINUED

Symmetry of special projections

Along [001] p2mm Along [111] p6 Along [110] c2mm
a=1a b =ib a=1ia—-b-—c¢) b =i(—a+2b—c) a =1i(—a+b) b =c¢
Origin at 0,0,z Origin at x,x,x Origin at x, x,0

Maximal non-isomorphic subgroups

| [21F23(196) (1; 2 3;4;5,6;,7;,8;9; 10; 11; 12)+
[B31Fm1 (F mmm, 69) ; 3; 4; 13; 145 15; 16)+

(L;
[4]1F 13 (R3, 148) (1; 5; 9; 13; 17; 21)+
[4]1 F13(R3,148) (1; 6 12; 13; 18; 24)+
[4]1 F13(R3,148) (1; 7; 105 13; 19; 22)+
[4]1 F13(R3,148) (1 8; 11; 13; 20; 23)+
IIa ([4]Pa3(205) 3 5,9; 13; 17; 215 (2; 7; 125 14; 19; 24) + (0,31, 2); (4; 6; 11; 16; 18; 23) + (4,0,1); (3; 8; 10;
15 20: 2)+ (. 50)
[4] Pa3 (205) 1; 7; 10; 13; 19; 22; (2; 5; 11; 145 17; 23) 4+ (0,4,%); (45 8; 12; 16; 20; 24) +(2,0,4); (3; 6; 9;
15; 18 21) 4 (4,4,0)
[4] Pa3 (205) 1; 8; 11; 13; 20; 23; (2; 6; 10; 14; 18; 22) 4 (0,4,%); (45 7, 9; 16; 19; 21)+(3,0,1); (3; 5; 12;
15; 17; 24) +(3,5,0)
[4] Pa3 (205) 1; 6; 12; 13; 18; 24; (25 8; 9; 14; 20; 21)+ (0,4, 4); (45 5; 10; 16; 17; 22) +(3,0,1); (3; 7; 11;
15 19; 23) (3,3,0)
[4] Pa3 (205) 5 5,9; 13; 17; 21; (3; 8; 10; 15; 20; 22) + (0,34, 1); (25 7; 125 145 19; 24) + (4,0,1); (4; 6; 11;
16 18; 23) + (2,2,0)
[4] Pa3 (205) 1; 7; 10; 13; 19; 22; (3; 6; 9; 15; 18; 21) 4 (0,4, 4); (2; 5; 11; 14; 17; 23)+(3,0,1); (4; 8; 12;
16; 20; 24)+(%,%,0)
[4] Pa3 (205) ; 8 115 13; 20; 23; (3; 5; 12; 15; 17; 24)+(0,1,4); (2; 6; 10; 14; 18; 22) +(3,0,1); (4, 7; 9;
16 19; 21) 4 (4,1,0)
[4] Pa3 (205) ; 65 125 13; 18; 24; (3; 7; 11; 15; 19; 23) 4 (0,4,4); (2; 8; 9; 14; 20; 21)+(3,0,1); (4; 5; 10;
16; 17, 22)+(%,%,0)
[4]1Pn3(201) 3 5,9; 13; 17; 21; (4; 6; 11; 16; 18; 23) + (0,1, 1); (3; 8; 10; 15; 20; 22) + (4,0,1); (25 7; 125
14 19; 24) + (1,1,0)
[4]1Pn3(201) ; 75 10; 135 19; 22; (45 8; 12; 16; 20; 24) 4 (0,4,4); (3; 6; 9; 15; 18; 21)+(3,0,1); (2; 5; 11;
14 17; 23) 4 (4,1,0)
[4]1Pn3(201) ; 8 115 135 20; 23; (45 7; 9; 16; 19; 21)+ (0,1, 4); (3; 5; 12; 15; 17; 24) +(3,0,1); (2; 6; 10;
14; 18; 22) + (3,1,0)
[4] Pn3 (201) 1; 6; 12; 13; 18; 24; (4; 5; 10; 16; 17; 22) +(0,5,5); (3; 7; 11; 15; 19; 23) 4+ (5,0,5); (2; 8; 9;
14; 20; 21)+ (3,3,0)
[4] Pm3 (200) 1; 2;3;4;5,6;7;8;,9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24
[4]1 Pm3 (200) 5 25 35 4; 13; 14; 15; 16; (5; 6; 7; 8; 17; 18; 19; 20) + (0,4,1); (9; 10; 11; 125 21; 22; 23;
_ 24)+('5 3,0)
[4]1 Pm3 (200) 1; 2; 3; 4; 13; 14; 15; 16; (5; 6; 7; 8; 17; 18; 19; 20) 4 (4,0,4); (9; 10; 11; 12; 21; 22; 23;
. 24) +(0,4,4)
[4]1 Pm3 (200) 1; 2; 3; 4; 13; 14; 15; 16; (5; 6; 7; 8; 17; 18; 19; 20) + (4,1,0); (9; 10; 11; 12; 21; 22; 23;
24) +(5,0.3)
IIb none

Maximal isomorphic subgroups of lowest index
IIc [27]1Fm3(a’ =3a,b' =3b,c¢ =3c) (202)

Minimal non-isomorphic supergroups
I [2] Fm3m (225); [2] Fm3c (226)
I [21Pm3(a' = ia, b = ib,¢ = L) (200)
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CONTINUED

Symmetry operations

For (0,0,0)+ set

(H 1

®) 3" x,x,x

) 3 x,x,x

(13) T 443

(17) 3' 5 b

@1 3 xxx bk

For (0,5,3)+ set

(1) 1(0,5,5)

(5) 3+(%7%a%) X*%,X*%,X
(9) 37 (3,5,5) X5, x+g,x
(13) T 3.3

(17) 3* x,x+4,x 53,4
(21) 3 x_%7-x_%7X; é7%7%
For (3,0,3)+ set

(1) #(3,0,3)

(5) 37(3,5,5) Xtg,x—gx
(9) §7(%7%7%) -x_%rx 35X
(13) T 3§55

(17) §+ xf%,x—é,x; %aéa%
(1) 37 x+3,%,% §,5:%

Generators selected (1); 7(1,0,0); #(0,1,0); 7(0,0,1); ¢
Positions
Multiplicity, Coordinates
Wyckoff letter, o 1 1 .
Sitesymmetry (0a0a0)+ (07§7§)+ (5707§)+ (§a§70)+
% ¢ 1 (Mxyz (2) %3,z (3) %,y,Z
() z,x,y (6) z,%,y (1) z,%,y
) y,z,x (10) y,z,x a1 y,z,x
(I3) X+ 3,7+ 5,2+5 D x+5y+3,2+5 A x+5.5+3,2+3
A7 z+ 3, x+5,9+5 ) Z+5x+3,y+: (1D z+,x+ 5,5+
CDy+5.2+5,5+5 @ y+5Z+x+5 @) F+5z+5x0+3
48 f 2 x,0,0 x,0,0 0,x,0 0,x,0 0,0,
f+%,%,% X+%,%,% %7i+%7% %7x+%7% %7%a
32 e .3. X, X, X X, X,x X, x,X
Tt 5,8+ 3,8+ X+ 5,x+ 5,8+ X+ 5, %+ 5,0+
16 d .3. 82803 55038 §r803 %,%,%}
16 ¢ .3. §r80F £r80F £r8) % T
8 b 23. IETE: %,%,%}
8 a 23. 0,0,0 i
(Continued on page 623)

2) 2 00,z

(6) 3* X, x,x

(10) 3~ x,x,x

(14) d(4747 ) x7y7%

(18) 3+ X 27x+27_' _%7%
(22) 3 X+2, z,f' %aié

11
4747Z

() 2
(6) 3" X+1ix,%
(10) 3= x,x+3,%
(14) d(3,3,0) xy5
(18) 3* x—1,x+1,x%;
(22) 37 x43,5—1,%

ool—
01— it

oolL

01 I

(32 0,0
(7) 3* x,%,%
(11) 3~ & %x
(15) d(3,0,7)

(19) 3* x,%+31,5 1.3,
1
B

(3) 2(0,5,0)
(7) 3'(-

(15) d(3,0,3)

(19) 3* 0,041,514
(23) 3 )E_' )C+1 X3 _ga%a%

()2 iy

No. 203

4 2 x,0,0
®) 3" x,x,x

(12) 3~ %,x,%

1
X585

0,1

1 1 1 =
3a3a3) x+3,x75,x

(11) 37 X435, %+5,x

3
X585<

(7) 3" x+3,5—3,%

(1) 37 &+1xx

(15) d(3,0,3)

(23)

(15) d(3.0
(19) 3+ x

625

(19) 3' x+5,5+1,% §,3,
3- f+%7f+%7-xv 7%7 )

1
X585

7
8

) x,3,2
(®) Z,x,y
(12) y,z,x
(16) X+ 3,y +3,2+73
(20) 2+ 4,8+ 1,y +1
24 y+iz+5.5+1

(12) 3
(16) d(0,3,3)
(20) 3" F+2,%+1,%; ¢

24) 3 x+1x+1i5 18—

01 00| —
~~
N
~
N’

(16) d(

4) 2(5,0,0
(8) 3" i+1i,%
(12) 3°(3,—
(16) d(0,.3)

“ 7%7%) %77
8 (20) 3" X+5,%,x; 5,
8 (24) 37 1.5 3,

® 2 X531
8) 3" x,x+1,x
X_%rx'i_%?f

1
RNV

\_/Lﬁl—'\, \_/
.wfl:
=1
|
=
_l’_
®

thayvo (4) 2(%7070) X,%,O
(8) 3+(% %a_%) 'f+61?f+%a-x
7)) X5, X4g,x (12) 37 x,x+3,%
xa%az (16) d( ) %) %7yvz
f+%af’ %7%a_% (20) 3+ X""]afaX; %?_é?é
I,x 7%7% (24) 3 .f‘i’%,X*%,f; %7%775

Reflection conditions

h,k,l cyclically permutable

General:

hkl : h+k=2nand
h+1Lk+1="2n

Okl : k+1=4nand
k,l=2n

hhl : h+1=2n

h00: h=4n

Special: as above, plus

=
=
=
= =i

=i
+
+

X+ X+

hkl -

hkl -

hkl -

h=2n+1
or h+k+1=4n

no extra conditions

h=2n+1
or hk,l=4n+2
or h,k,l=4n

h=2n+1
or h+k+1=4n



CONTINUED
(from pages 625 and 627)

ORIGIN CHOICE 1

Symmetry of special projections

Along [001] c2mm Along [111] p6

a'=1ia b =1ib a=1ia—-b-—c¢) b =i(—a+2b—c)
Origin at 0,0,z Origin at x,x,x

ORIGIN CHOICE 2

Symmetry of special projections

Along [001] c2mm Along [111] p6

a =la b =ib a=;2a—b—c) b =i(—a+2b—c)
Origin at 4, §,2 Origin at x, x,x

ORIGIN CHOICES 1 AND 2

Maximal non-isomorphic subgroups

I [21 F23(196) (1; 2; 3, 4, 5; 6, 7, 8, 9; 10; 11; 12)+
[B1Fd1(Fddd,70) (1; 2; 3; 4; 13; 14; 15; 16)+
[41F13(R3, 148) (1; 5, 9; 13; 17; 21)+
[4] F 13 (R3, 148) (1; 6; 12; 13; 18; 24)+
[4] F13(R3, 148) (1; 7; 10; 13; 19; 22)+
[4] F13(R3, 148) (1; 8; 11; 13; 20; 23)+

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc [27]Fd3(a =3a,b =3b,c¢ = 3c) (203)

Minimal non-isomorphic supergroups
I [2]1 Fd3m (227); [2] Fd3c (228)
II [2]Pn3(a =la,b =!b,c =Llc)(201)

623

No. 203

Along [110] c2mm
a’=1i(—a+b) b=c
Origin at x,x, 3

Along [110] ¢2mm
a =i(—a+b) b =c
Origin at x,x,0
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CONTINUED No. 203 Fd3

Symmetry operations

For (0,0,0)+ set

() 1 ()2 3.3z 32 iyi 4 2 x5

(5) 3* x,x,x (6) 3" X,x+3,% (7) 3* x+3,%,% (8) 3° X+3,x+3,x

9) 37 x,x,x (10) 3~ x+2,%,% (11) 3~ 7+3,5+3,x (12) 3~ %x+3,%

13) 1 000 (14) d(4,40) x.0 (15) d(1,0,) x0. (16) d(0.4.) Oz

(17) §+ X, X, X5 07070 (18) 3+ )E_%7 +%7f7 _i707% (19) §+ 47x+27 >Za_% (20) 3+ -x+47 X ia_%ao
(21) 3 X, X, X5 OOaO (22) 37 x+%,f*%,f, 077417% (23) 3 x74,x+4, %a%vo (24) 3 X+2, zlu_; 4117077%
For (0,5,3)+ set

(1) £(0,3,5) (2) 2(0,0,3) 3,52 (3) 2(0,5,0) 3.3 4 2 x5

(5) 3+(%7%a%) X*%,X*%,X (6) 3+ “‘27)6‘}»%7)E (7) 3+ x+%7f7% X (8) 3+(%7%77%) x+%7x+17_27x
(9) 37(3,5,5) x—g,x+g,x (10) 3° x+z7f+z7f a1 3 f+%,f+% x (12) 37 (5,—1,3) *—g.x+1,
(13) 1 0,53 (14) d(3,3,0) xy.3 (15) d(5,0,3) x3.2 (16) d(0,3,7) 0.5z

(17) §+ x7x+%7 5 07%70 (18) 3+ )E_E -x—’—u-)E _%707% (19) §+ -x_./l_n-f—’—l?-f’ 0&7_% (20) §+ X+:,f+4, %7_%7%
(21) 3 x_%rx_%rxs 0707% (22) 3 x+47-x l-x Oa_%& (23) 3 X_%rf—’—%?x; _%a%ao (24) 3 -f+17x+%a-f’ %’%’_%
For (3,0,3)+ set

(1) 1(5,0,3) (2) 2(0,0,3) 3, %Z (3) 2 s 4) 2(5,0,0) x5.3

(5) 3+(%>%7%) x—l—é,x—é,x (6) 3+ f+27 + -f (7) 3 (_57%a%) x—l—f—z,f—é,f (8) 3+ -f+bl1 -f+4>

(9) §7(%7%7%) x_érx_%rx (10) 37 x+4,if (11) 3 (% Ea_%) X+17_2a-f+%a-x (12) 37 -f__ -x+4>

(13) 1T 3,0, (14) 6_1(37%70) X,V 5 (15) d(3,0,7) x0.z (16) d(0,3,3) 1.2

(17) §+ X7%,X*%,X; 070a% (18) §+ X— E “ﬁ 7ia07% (19) §+ %,X‘Fl X %7%77% (20) §+ .f‘i’%,.f*%,x; %77%70
(21) 3- x+%axax; %7()’0 (22) 37 x+ %.f %.f 077%7% (23) 3- Zax+47 %7%7% (24) 3- .f‘l’l,X*Z,f, %707741
For (4,4,0)+ set

(1) 1(2,1,0) ()2 biz (3) 2(0,40) 1} (4) 2(4,0.0) x}i

5) 3 (440 xblabia () 37(4—10) FHLatsd (D) 3 xblEE (8) 3" Th,Tt1,x

© 3 (LLY alatla  (10) 3(=4LY) x+5e+hE (1) 30 B E+lx (12) 3~ % x40,

(13) T 4,40 (14) d(3,3,0) xy.0 (15) d(3,0,5) x}z (16) d(0,3,1) 1z

(17) §+ x+%7-x7-x7 %7070 (18) §+ f_lax—’—g?f; _./1_1’%73 (19) §+ X—%,f—f—%,f; 074§a_% (20) §+ X—’—%ax_%?-x: %a_%ao
(21) 3- X,X+%,X, 0a%70 (22) 3- X+§,f*l,f; %77%7% (23) 3- x7%7f+%7X; %7%70 (24) 3- .f‘l’%,)('*%,f; ?_170773

Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); £(0,4,4); £(3,0,3); (2); (3); (5); (13)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, . 1 1 o
Site symmetry (0,0,00+ (0,5,9)+ (5,0,5)+ (53,04 h,k,1 cyclically permutable
General:
% g 1 (1) x,y,z Q) x+3.7+3.2 B)X+3,32+3 @) x,5+3,24+% hkl : h+kh+1Lk+1=2n
(5) z,x,y (6) 2, X+ 1,7+ 1 (D) Z+3,3+3,y ®) z+1,x,5+5 Okl k+l=4n, kl=2n
) y,z,x (10) y+3,z,Xx+3 A1) y,743,x+:3 (12) y+ 2,7+ 2,x hhl: h+1=2n
(1) x5z Adhx+hy+iz  AHx+ihyz+i (16 Fy+hz+ 000 h=dn
(17) Zaia}j (18) va+zl_uy+% (19)Z+%,X+%,}7 (20)z+4,x,y+;
2D y,z,x (22) y+5,Zx+3 (23) y,z+ 3,0+ (24) y+i,2+5,%
Special: as above, plus
48 f 2" x?%’% x+%7§’% %7‘x7% %7i+%7% %7%7‘x %7%7i+% hkl : h:2n+1
f?%’% ‘x+ll_l7%’% %7‘f7% %’x—i_%’% %’%7‘f %7%’x+i or h+k+l:4n
32 e 3. X,X,X X+3,x+3,x X+3,x,%+3 X, X+ 3,543 no extra conditions
EES: x+ix+iE x+iEa+] Tx+x+t
16 d .3. %>%a% %v%a% %a%?% %?%a% hkl © h=2n+1
_ or hk,l=4n+?2
16 ¢ .3. 0,0,0 2,30 2,0,3 0,3,3 or hk,l=4n
8 b 23. 322 232 hkl : h=2n+1
or h+k+1=4n
8 a 23. S5 E £18%
(Continued on page 623)
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CONTINUED
(from pages 625 and 627)

ORIGIN CHOICE 1

Symmetry of special projections

Along [001] c2mm Along [111] p6

a'=1ia b =1ib a=1ia—-b-—c¢) b =i(—a+2b—c)
Origin at 0,0,z Origin at x,x,x

ORIGIN CHOICE 2

Symmetry of special projections

Along [001] c2mm Along [111] p6

a =la b =ib a=;2a—b—c) b =i(—a+2b—c)
Origin at 4, §,2 Origin at x, x,x

ORIGIN CHOICES 1 AND 2

Maximal non-isomorphic subgroups

I [21 F23(196) (1; 2; 3, 4, 5; 6, 7, 8, 9; 10; 11; 12)+
[B1Fd1(Fddd,70) (1; 2; 3; 4; 13; 14; 15; 16)+
[41F13(R3, 148) (1; 5, 9; 13; 17; 21)+
[4] F 13 (R3, 148) (1; 6; 12; 13; 18; 24)+
[4] F13(R3, 148) (1; 7; 10; 13; 19; 22)+
[4] F13(R3, 148) (1; 8; 11; 13; 20; 23)+

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc [27]Fd3(a =3a,b =3b,c¢ = 3c) (203)

Minimal non-isomorphic supergroups
I [2]1 Fd3m (227); [2] Fd3c (228)
II [2]Pn3(a =la,b =!b,c =Llc)(201)

623

No. 203

Along [110] c2mm
a’=1i(—a+b) b=c
Origin at x,x, 3

Along [110] ¢2mm
a =i(—a+b) b =c
Origin at x,x,0
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Im3 T - j
m h m3 Cubic

NO. 204 1 2 / m 3 Patterson symmetry /m3

MK
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&0 B—5 e
Origin at centre (m3)

Asymmetric unit X
Vertices ,0,0 1.0,

IN
C o
IN
~
IN
o
INA
[l
IN
<
A\
=
[l
A\
<

[SIE
[SIE
[SIE
[SIE
[SIE

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

(H 1 )2 0,0, 3) 2 0y0 4 2 x,0,0

(5) 3* x,x,x (6) 3" %,x,% (7) 3° x,%,% (8) 3% F,%,x

9 3 x,x,x (10) 37 x,x,x (11) 3~ x,x,x (12) 3~ x,x,x

(13) T 0,0,0 (14) m x,y,0 (15) m x,0,z (16) m 0,y,z

(17) 3* x,x,x; 0,0,0 (18) 3* %,x,% 0,0,0 (19) 3* x,i,% 0,0,0 (20) 3* ,%,x; 0,0,0

1) 3 x,x,x; 0,0,0 22) 3 x,%,% 0,0,0 (23) 3~ ©,5,x 0,0,0 24) 3 %,x,% 0,0,0

For (3,7,3)+ set

(1) 1(2,4,0) (2) 20003 iz (3) 2(0,5,0) .} @ 2(2,0,0) x4

(5) 3+(%7%a%) X, X, X (6) 3+(é’_é7é) X—’—%?x—i_%?f (7) 3+<_éaﬁiaé) x+%a)€_%ax (8) 3+(%aé7_é) i—i_%,i—i_%a-x
) 37 (5:5,5) xxx  (10) 37 (—g,54) xt5,5+5,8 (1) 37(5,4,—5) L850 (12) 37(5,—§,5) F—5,x+5,%
(13) 1 zl_u%a% (14) l’l(%,%, ) )C,y,l; (15) n(%,O,%) )C,J—HZ (16) I’l(O,%,%) zl_uyaz

(17) 3+ X, X, X3 %a%7% (18) 3+ X_la-x—"]ax’ _%a%a% (19) 3+ xaf—’—]?f; %a%a_% (20) 3+ X—’—]?ia)‘; %7_-/1;7-/%
1) 37 xxx 5,5 (22) 37 x+1,F-1,% §,—1.3 (23) 37 £ E+Lx 53 24) 37 FH1Lx % 5,54

n
Copyright © 2006 International Union of Crystallography 628
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CONTINUED No. 204 Im3

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(3,1,3); (2); (3); (5); (13)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, L
Site symmetry (0,0,0)+  (3,7,3)+ h,k,1 cyclically permutable
General:
48 h 1 1) x,y,z (2) x,9,2 3) x,y,Z 4 x,9,Z hkl : h+k+1=2n
(5) z,x,y (6) z,%,y (7 z,x,y ®) z,x,y Okl = k+1=2n
) y,z,x (10) y,z,x an y,z,x (12) y,z,x hhl = 1 =2n
(13) 7,5, (14) x,y.Z (15) x5,z (16) ¥,z h00: h=2n
a7 z,x,y (18) Z,x,y (19) z,x,y (20) z,x,y
2D y,z,x (22) y,z,x (23) y,z,x (24) y,z,x
Special: as above, plus
24 g m.. 0,y,z 0,9,z 0,9,z 0,9,z 7,0,y 7,0,y no extra conditions
2,0,y 2,0,y »,2,0 ¥,2,0 »2,0 ¥,2,0
16 f .3. X, X, X X, X,x X, x,X% X, X, X no extra conditions
X, X, X X, X, X X, X, X X, X, X
12 e mm?2.. x,0,1 x,0,1 1,x,0 1,%,0 0,1,x 0,1,x no extra conditions
12 d mm?2.. x,0,0 x%,0,0 0,x,0 0,x,0 0,0,x 0,0,x no extra conditions
8 C 3 AI_M%MIT %va% %a%7% zl_w%a% hklkalzzn
6 b mmm.. 0,5,1 1,01 1,5,0 no extra conditions
2 a m3. 0,0,0 no extra conditions
Symmetry of special projections
Along [001] ¢c2mm Along [111] p6 Along [110] p2mm
a=a b =b a=32a—b—c¢) b =i(—a+2b—c) a =j(—a+b) b = ;¢
Origin at 0,0,z Origin at x,x,x Origin at x,x,0

Maximal non-isomorphic subgroups
I [21123(197) (1; 2; 3, 4,5, 6; 7, 8, 9; 10; 11; 12)+
[B1Im1 Immm,71) (1; 2; 3; 4; 13; 14; 15; 16)+

[41113(R3, 148) (1; 5, 9; 13; 17; 21)+

[41113(R3, 148) (1; 6; 125 13; 18; 24)+

[41113 (R3, 148) (1; 7; 105 13; 19; 22)+

[41113 (R3, 148) (1; 8; 11; 13; 20; 23)+
1 8;9; 10; 11; 12; (13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24) + (3,1,3)
1 8; 9;

IIa [2] Pr3(201) 325 3,45 5,6, 75 )
2; 3,4 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21, 22; 23; 24

[2] Pm3 (200) .5, 6: 7;
IIb none

Maximal isomorphic subgroups of lowest index
IIc [27]1Im3 (a’ =3a,b’ = 3b,c = 3c) (204)

Minimal non-isomorphic supergroups
I [2]11m3m (229)
I [4]Pm3(a' = la,b = ib,¢ = ic) (200)
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Pa3 T’ m3 Cubic

NO. 205 P 21 / a 3 Patterson symmetry Pm3
1
3
J . |
i a . o, . Q——1}
K : : N
K
4 »
g
> LN
: 2§
; %
b= : M : £ —}
A : ; R
s :
B R et Vel |
K
: » 4
<\
l o
3 Q - o Q 1
" | i
7 N
2 . p 2
L N
N /]
Origin at centre (3)
Asymmetric unit 0<x<i 0<y<i; 0<z<i z<min(x,y)
Vertices  0,0,0 5,0,0 330 0,50 3,353
Symmetry operations
11 (2) 2(0, 072) 1.0 3) 2(0,270) anm 4) 2(5,0,0) x,:,0
(5) 3" x,x,x (6) 3 +bxE (7) 3" x+3,5—3,% (8) 3" X,%+3,x
(9) §7 Xy X, X (10) 3° ( % % %) x+%,i+%,i (11) 3 (2727 %) x+3a£+éax (12) 37(%77%7% X*é,)ﬁk%,f
(13) 10,00 (14) a xy,; (15) ¢ x,3.2 (16) b 3.z
17) 3* x,x,x; 0,0,0 (18) 3* x—1,x+1,% 0,11 (19) 37 x+1,x+4,% 1,10 (20) 3" x+1,x+1,x; 3,03
21 37 x,x,x; 0,0,0 (22) 37 x+4i,%x-1,% 0,0,1 (23) 3 x,x+1,x 0,4, (24) 3~ x+1x,% 1,00
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CONTINUED

Generators selected

Positions
Multiplicity,
Wyckoff letter,
Site symmetry

24 d 1 1) x,,
5 z,x,

9 y,z,

(13) x.7,

(17) z,x,
2D y.z,

N
Q
I

=

=
[e]

<

y
X

4

=1 <

No. 205

(1); ¢(1,0,0); £(0,1,0); £(0,0,1); (2); (3); (5); (13)

Coordinates

2) x+3,9,z+1
6) z+3,x+1,9
(10) y,z+ 5,5+ 3
(4) x+3,y,7+1 (15) x,y+ 1,2+ 3
(18) Z+3,x+3,y 19) z+3,x,7+3
22) y, 72+ 3,x+3 23) y+ 3,2+ 3,x

3) x,y+3,7+

M Z+5,%5y+3 ®) 7, x+1,75+1
(12) 4 3,Z,x+ 3
(16) x+ 4, y+1,z
(20) z,x+1,y+1
24) y+i5,2,5+1

Xt 5,%x+3 Xx+3,X+3 x4 5,54 3,%
1 = 1 =1 1 = 1 1
x+i7-xax+5 x7x+i>x+i x+5ax+§ax

1 1 1
0ai70 57070 07075
1 1 11 11
3,0,3 0,3,5 3,3,0

Symmetry of special projections

Along [001] p2gm
a=ja b =b
Origin at 0,0,z

Along [111] p6
a=1i2a—-b—c)
Origin at x,x,x

Maximal non-isomorphic subgroups

I [2]P2,3(198)

1; 2;3;4; 5,6, 7, 8 9; 10; 11; 12

[31Pal (Pbca,61) 1; 2; 3; 4; 13; 14; 15; 16
[4]1 P13 (R3, 148) 1; 5;9; 13; 17; 21
[41 P13 (R3, 148) 1; 6; 12; 13; 18; 24
[41 P13 (R3, 148) 1; 7; 10; 13; 19; 22
[4]1 P13 (R3, 148) 1; 8; 11; 13; 20; 23
IIa  none
IIb none

Maximal isomorphic subgroups of lowest index

IIc [27]Pa3 (a’ =3a,b’ =3b,c¢ = 3c) (205)
Minimal non-isomorphic supergroups

I none

II  [2]1743(206); [4] Fm3 (202)

631

Reflection conditions

h,k,l cyclically permutable
General:

Okl : k=2n
h00: h=2n

Special: as above, plus

no extra conditions

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

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

Along [110] p2gg
a =j(—a+b)
Origin at x, x,0

b =c
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EZ

la3
No. 206

Origin at centre (3)

Asymmetric unit x
Vertices ,0,0 1.0,

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

(1 1 (2) 2(0,0,3) 1,0z
(5) 3* x,x,x (6) 3* X+1,x,%
9 37 xx,x (10) 37 (—1,3,3) x+i,5+:,%

(13) i 0,0,0
(17) 3* x,x,x; 0,0,0
21 37 x,x,x; 0,0,0

(14) a x5
(18) 3* F—1x+1,% 0
(22) 37 x+3,%—3,% 0,0,

2
(1) 2(5,5,3) (2) 2 0,2
(5) 3+(%7%a%) X, X, X (6) 3+(é77(]_;7(]_;) f*é,)ﬁk%,f
(9) 37(%7%3%) Xy X, X (10) 37(%77é77é) X+%,f+%,f
(13) T 44,5 (14) b x,y,0
(17) 3+ X, X, X3 %a%7% (18) 3+ X—%,x,i; _%7_%a%

(21) 3- X, X, X5 %a}wi (22) 37 -x+%a-f_%7-f’ %a_%a%
Copyright © 2006 International Union of Crystallography

(3) 2(0,%70) O,yaﬁ

(7) 3* x+%7f_%ax

(11) 37(%7%77%) X+%7i+%ax
(15) ¢ x,3.z

(19) 3* x+3,8+5,% 3.3,
(23) 37 %,%+35,% 0,3,0

(3)2 0
(7) 3+(717é7é) x+(l_ni+clmx
(11) 37(7 77é7%) x+%7x+o»x

Cubic

Patterson symmetry /m3

(16) ¢ O,yz
(20) §+ iai_%a-X; 41,_%?_
(24) 3- i+%a-xa-f; -flu-fln_-/%
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CONTINUED

Generators selected (1); #(1,0,0); ¢(0,1,0);

Positions

Multiplicity, Coordinates

Wyckoff letter, L

Site symmetry (0,0,0)+  (3,7,3)+

48 e 1 1) x,y,z (2) X+ 3,5,2+ 3
() z,x,y 6) 2+ 3,543,y
) y,z,x (10) y,z+ 3,5+ 3
(13) x,5,2 (14) x+ 3,52+
A7) z,x,y (18) 2+ 3,x+ 73,y
2D y,z,x (22) y,z+3,x+3

24 d 2.. x,0, % x+4,0,2 1:%,0
2707% x+%707% %"fﬂo

16 ¢ .3. X,X,X X+3,5x+3 Xx+
XXX X+ 3,x,X+ 3 x, X+

8 b .3 Bid i3 i

8§ a .3 0,0,0 3,0,3 0,7,3

Symmetry of special projections

Along [001] p2mm Along [111] p6
a =ia b =1ib =1(2a—b—¢)
Origin at 0,0,z Origin at x,x,x

Maximal non-isomorphic subgroups
I [2]72,3(199) (
[311al(bca,73) (
[41113(R3, 148) (
[41113(R3, 148) (
(

(

1;

1;

9, 13; 17; 21)
12; 13; 18; 24)+
10 13; 19; 22)+
: 115 13; 20; 23)+

[4]1113(R3,148)

1
1; 5
1; 6;
1; 7;
[41113(R3, 148) 1; 8

k)

IIa [2] Pa3(205) ;25 3; 4, 5; 6;
[2] Pa3 (205) 025 3,4 5; 6
IIb none

Maximal isomorphic subgroups of lowest index
Ilc [27]1a3(a = 3a,b = 3b,¢ = 3c) (206)

Minimal non-isomorphic supergroups
I [2]17a3d (230)
II [41Pm3(a’ = ia, b = ib,c = L) (200)

£(0,0,1);

(3) Xy+3,.2+

1
2
(7 Z+3,%y+3
A1) y+3,2+5,%

(15) x,y+ 3,2+
(19) z+3,x,5+3

(23) ¥+ 3,2+ 3,x

3= 1
Zax+570
1 1
Zax+5a0
1= 1 1
3, X+ 3 x+3,
1 1 =1
3, X+ 3 X+3,
30103
194574
11
57570
b =i(—a+2b—¢)

1;2;3;4;5,6;,7; 8 9; 10; 11; 12)+
5 25 35 45 13; 145 155 16)+

633

No. 206

t(5,5,5); (2); (3); (5); (13)

@ x+3,75+3,2
8) Z,x+3,7+3
(12) 4 3,Z,x+ 3
(16) x+ 4, y+1,z
(20) z,x+1,y+1

la3

Reflection conditions

h,k,l cyclically permutable
General:

hkl : h+k+1=2n

Okl : k,l=2n
hhl : 1=2n
h00: h=2n

Special: as above, plus

no extra conditions

no extra conditions

Wkl : k0 =2n

Wkl : k0 =2n

Along [110] p2mg

a'=;j(—-a+b)

b=

1
;C

Origin at x,x,0

7; 8;9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24
;75 8, 9; 10; 115 125 (13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24) +(3,3,3)
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P432

No. 207

432

Nl—

\ e N
0
= 4
~<'|>\ \‘l'\
4 XY )8
N ~
F o
A
S K <
— 1 It e
ﬂ 3¢ >
v
q @
Origin at 432
Asymmetricunit 0<x<1; 0<y<j; 0<z<5 y<min(x,1-x); z<y
Vertices 0,0,0 1,0,0 1,10 4,33
Symmetry operations
(H 1 2) 2 0,0,z 3) 2 0,y0 @ 2 x,0,0
(5) 3% x,x,x 6) 3* %,x,% (7) 3* x,%,% (8) 3* %,%,x
) 3 x,x,x (10) 37 x,%,x (11) 3~ x,x,x (12) 37 x,x,x
(13) 2 x,x,0 (14) 2 x,%0 (15) 4~ 0,0,z (16) 4* 0,0,z
(17) 4 x,0,0 (18) 2 0,y,y 19) 2 0,y,y (20) 4* x,0,0
(21) 4* 0,y,0 (22) 2 x,0,x (23) 4 0,y,0 (24) 2 %,0,x

Copyright © 2006 International Union of Crystallography 634

Cubic

Patterson symmetry Pm3m

3¢

v

!

|
.
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CONTINUED

Generators selected (1); #(1,0,0); #(0,1,0); #(0,0,1); (2); (3); (5); (13)

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

24 k1 1) x,y,z
(5 z,x,y

) y,z,x

(13) y,x,Z

17 x,z,y

(21) z,y,x

12 j ..2 10y
A

12 i ..2 0,y,y
¥,0,y

12 h 2. x, 1,0
;7x70

8 g .3. X,X,X
X, X, X

6 f 4 X353
6 e 4 x,0,0
3 d 42.2 10,0
3 ¢ 42.2 0,11
1 b 432 3.5.3
1 a 432 0,0,0

Symmetry of special projections

Along [001] p4mm
a=a b'=b
Origin at 0,0,z

Coordinates

(2) %,3,2 () x,yz 4) x,3,Z

(6) z, %,y (7 z,x,y ®) z,x,y
(10) y,z,x (I y,z,x (12) y,7,x
(18) x,z,y (19) x,z,y (20) x,Z,y
(22) z,3,x (23) Z,y,x (24) z,y,x
3.5,y 0¥ 30,5 Y,3,¥
¥,3,9 AR A AR
0,9,y 0,5,y 0,5,y »,0,y
¥,0,y 5,0 ¥:5,0 »,,0
X’ %70 07‘x7% 07‘27% %707'x
%7270 ‘x70?% ‘f70?% 07%7‘f
X,X,x X,X,X X,X,X
X,X,X X,X,X X, X,
f?%’% %’x72 %7x7% %7%7'x
x,0,0 0,x,0 0,x,0 0,0,x
0,5,0 0,0,;
5,0,3 3,3,0
Along [111] p3m1
a=i2a-b-c) b=i(-a+2b—c)

Origin at x,x,x

Maximal non-isomorphic subgroups

I [2]1 P231 (P23, 195)
[3] P412(P422,89)

{ [3] P412(P422,89)

[3] P412(P422,89)

[4] P132(R32, 155)

[4] P132(R32, 155)

[4] P132(R32, 155)

[4] P132(R32, 155)

IIa none

;35 4; 13; 145 15; 16
;3545 17; 18; 19; 20

; 9; 14; 19; 24

;125 13; 18; 24

2
2
2; 3; 4; 21; 22; 23; 24
5
6
7

;0 10; 13; 19; 22
8; 11; 14; 18; 22

0 2; 3,4, 5;6; 7, 8;,9; 10; 11; 12

No. 207 P432

Reflection conditions

h,k,l permutable
General:

no conditions

Special: no extra conditions

Along [110] p2mm
a =;(—a+b) b =c
Origin at x, x,0

IIb [2]F432(a =2a,b =2b,¢ =2¢)(209); [4][432 (a' = 2a,b' = 2b,¢ = 2¢) (211)

Maximal isomorphic subgroups of lowest index
Ilc [27] P432(a = 3a,b' = 3b,¢ = 3c) (207)

Minimal non-isomorphic supergroups
I [2]1 Pm3m (221); [2] Pn3n (222)
I [2]171432(211); [4] F432(209)
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P4,32 O’ 432 Cubic

NO. 208 P 42 3 2 Patterson symmetry Pm3m

S {M—

N

%o\kik/% - N %\xuo
= — -
Vv N
1+ KTV 112

1 A ¥
: %
o\ - < /o
- < ' + o
Ve N
4 j\y ‘_/k 4
N 4
i1t = #1f
%\AL | | AL/%
L <0 M. K N U N ap NN 4 -0_> L
- ﬁk = l-\$ n% S
0

N
)
Z
|
N

i

Origin at 23

Asymmetricunit 0<x<3; 0<y<j; —;<z<j; max(—x,x—3,—yy—3) <z<min(x,; —x,y,5 —Y)
Vertices 07070 %3070 %7%70 07%70 %7%7% %7%77%

Symmetry operations

(H 1 2) 2 0,0,z 3) 2 0,y,0 4 2 x,0,0

O) 3% x,x,x (6) 3" x,x,% (7) 3" x,x,x ®) 3" x,x,x

© 3 x,x,x (10) 37 x,x,x (11) 3~ x,x,x (12) 37 x,x,x

(13) 2(4,4,0) xx,! (14) 2 xx+14,! (15) 4°(0,0,5) 4,0,z (16) 4°(0,0,1) 0,1,z

(17) 47(%7070) -xa%70 (18) Z(Oa%a%) %7y,y (19) 2 %7y+%a)7 (20) 4+<%,070) xaoa%

(21) 4+(0’%7O) %’y70 (22) 2(%707%) x?%?'x (23) 47(07%70) 07y7% (24) 2 XJ’»%?%?'X

Copyright © 2006 International Union of Crystallography 636


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o208/

CONTINUED

No. 208

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); (2); (3); (5); (13)

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

24 m 1 (1)xyz () x,3,z
(5) z,x,y (6) z,x,y
(9) y,Z,X (10) yvzv“f

I3 y+3,x+35,2+5 (D) y+35,5+35,2+3
A7) x+35,z2+5,5+5 (18) F+3,2+5,y+3
QD z+3,y+5,5+5 22)z+35,5+ 35,0+

3) x,y,2 @ x,3,2
(71 z,%,y (®) Z,x,y
D yz,x 12) y,z,x

(15) y+3,x+35,z2+3 (16) y+35,x+35,2+3
(19) x+5,2+35,5+35 20) x+3,24+35,y+3
23) Z+35,y+5,x+35 4 Z+35,9+5,5+3

S

S

1=

P4,32

Reflection conditions

h,k,l permutable
General:
h00: h=2n

Special: as above, plus

no extra conditions

no extra conditions

hkl : h=2n
hhl : 1 =2n
hkl : h=2n
hhl : 1 =2n
hkl : h+k+1=2n
Okl : k+1=2n
hkl : h+k+1=2n
or h=2n+1,k=4n and
l=4n+2
hkl : h+k+1=2n
hkl : h+kh+1,k+1="2n
hkl : h+kh+1,k+1="2n
hkl : h+k+1=2n

Along [110] p2mm

12 7 ..2 LYY+ Lyt Lyytr LY+
y+5ny  y+tununy o F+nny  V+55d
»wtini o By+ini o »itni Fitia
12k ..2 LYy LY+ Lyyts o iyt
y+neny 5Ly y+niny vty
»wti: By +ni wytini Syt
12 .] 2.. x>%70 f>%a0 O,X,% Oa)@% %,O,X %,0,)2
0,x+3,5; 0X+3,; x+5350  ¥+35,35;0 305+  30x+
12 i 2.. x,0,1 x,0,1 1,x,0 1,x%,0 0,1,x 0,1,%
;7‘x+%’0 %’f—"_%’o ‘x+%’0’% f—i_%’oﬂé 07%’2—"_% 07%7‘x+
2 h 2. x,0,0 %,0,0 0,x,0 0,%,0 0,0,x 0,0,%
x+5: 0 LA+5: 0 x+55ni X+5nni 0 Lottt n5xt
8 g .3. X, X, X X, X,x
X, X, X X, X, X
PERIPEE SN S N
xbbE+batd T bad bt
6 f 2.22 31,0 71,0 0,7,7 0,3,3 30,3 %,0,%}
6 e 2.22 #0,: 3.0,; 550 5350 0,355 0,33
6 d 222. 0,3,3 3,0,3 31,0 0,3,0 3,0,0 0,0,3
4 ¢ .32 Lhio BDi @i b
4 b .32 B2 i 5Hind daded
2 a 23. 0,0,0 1,11
Symmetry of special projections
Along [001] p4dmm Along [111] p3m1
a=a b =b a=32a—-b—c) b =i(—a+2b—¢) a=j(—a+b) b =c
Origin at 0,4,z Origin at x, x,x

Origin at x,x, ;
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P4,32 No. 208 CONTINUED

Maximal non-isomorphic subgroups

I [21P231(P23,195) 1; 2; 3;4;,5; 6; 7, 8 9; 10; 11; 12
[31P4,12(P4,22,93) 1; 2; 3; 4; 13; 14; 15; 16
[31P4,12(P4,22,93) 1; 2; 3; 4; 17; 18; 19; 20

{[3]P4212(P4222, 93) 1; 2; 3; 4; 21; 22; 23; 24

[41P132(R32,155) 1; 5; 9; 14; 19; 24

1; 6

1; 7

1

>

[41P132(R32,155) ; 6; 12; 13; 18; 24
[4]P132(R32,155) ; 7, 10; 13; 19; 22
[41P132(R32,155) ;8 11; 14; 18; 22

IIa none

IIb [2]F4,32(a’=2a,b' =2b,c¢’ =2c) (210); [4]14,32 (a' =2a,b' =2b,c¢' =2¢) (214)

)

Maximal isomorphic subgroups of lowest index
IIc [27]P4,32(a’ =3a,b' = 3b,c¢ = 3¢) (208)

Minimal non-isomorphic supergroups
I [21 Pm3n (223); [2]1 Pn3m (224)
II [217432(211); [4] F432(209)
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F432 O

No. 209 F432

432

AN
Mo K
L8 DY |
* AR
~
Upper left quadrant only

Origin at 432
Asymmetricunit 0<x<}; 0<y<i; —i<z<i; y<min(x,}—x);
Vertices 07070 %,0,0 }_17}_”% 417}_”_%

Symmetry operations

For (0,0,0)+ set

(H 1 2) 2 0,0,z 3) 2 0,0
®) 3 x,x,x (6) 3" x,x,x 7 3 x,x,%x
9) 37 x,x,x (10) 37 x,x,x (11) 37 x,x,x
(13) 2 x,x,0 (14) 2 x,x0 (15) 4= 0,0,z
(17) 4= x,0,0 (18) 2 0,yy (19) 2 0y
(21) 47 0,y,0 22) 2 x,0,x (23) 4 0,y,0
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4) 2 x,0,0
(8) 3" &, &.x
(12) 3~ X, %
(16) 4 0,0,
(20) 4* x,0,0
(24) 2 %0,x

Cubic

Patterson symmetry Fm3m
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CONTINUED

Symmetry operations (continued)

No. 209

F432

(H l(0>%7%) () 2(0,0,5) 0,3,z (3) 2(0,5,0) 0.y, @ 2 x,3,3

(5) 3 (L0 x—ta-lx  (6) 3’ fxtix (DTPHQXH&#X (8) 3" XX+,

(9) 37(%7%7%) 'x_%7x+é7x (10) 37 _%7%7%) x+% f—’—%rf (11) 3 _ %724_%7)( (12) 3 -x_§7x+%

(13) 2($a%’0 xax+%a% (14) 2(7417$7 ) x7f+ 7% (15) 4- ( 7%) %a%az (16) 4+(0 072) 7417%7Z
(17) 4~ x,3,0 (18) 2(0,3,3) O,y,y (19) 2 0,y+5,y (20) 4" x,0,5

(21) 4+(0a%70) %7yazl_t (22) 2(41a07%) X*%,%,X (23) 4- ( azao) 741ay7-/1_1 (24) 2(7%707%) .f‘l’%,%,x
For (4,0,4)+ set

(1) #(5,0,3) (2) 2(0,0,3) 3,0,z (3) 2 1y1 4 2(3,0,0) x,0,5

(5) 3+(%7%a%) er%,x 59X (6) 3+(%77%7%) f+%,x+é,f (7) 3+ x+%7f7%7f (8) 3+ X+;,f+2,

(9) 37(%7%7%) x—é,x—%,x (10) 37 x—i_%rfr)E (11) 37 f+%7£>x (12) 3 ( _777) x—é,x—l—%,i
(13) 2(%7%70 -x7x_%7% (14) 2(%7_%70) x7f+%7% (15) 4 (0 075) %a_%az (16) 4+(O Oaz) %nl_nz
(17) 47(%7()’0) X,%,% (18) Z(Oaivi) iayfihy (19) 2(077%&) %7y+%7)_) (20) 4+(%7070) X,*%,%
(21) 4° 390 (22) 2(3,0,5) x,0,x (23) 4 0,y,5 (24) 2 x+3,0,x
For (3,3,0)+ set

(1) 1(3,5,0) 2 2 1312 (3) 2(0,%70) 1,0 4 2(3,0,0) x50

(5) 37(35,5,3) Xtg,xt3,x (6) 3" ¥+3,x,% (7) 3" x+3,%,% (8) 37(5,5,—3) Fhg,Xt5,x

(9) 37(%7%%) er%,eré,x (10) 3 x7f+%7x (11) 3- (57577_) f+%7f+évx (12) 3" )E,er%,)?

(13) 2(3,3,0) x,x,0 (14) 2 x,%+3,0 (15) 4 ;,Oz (16) 4" 0,52
(17) 47(3,0,0) x,3,—3 (18) 2(0,5,5) 1,y+1,y (19) 2(0,5,—1) 1.y+1.9 (20) 47(3,0,0) x,5,3
(21) 4+(07%70) %7}}7_% (22) 2(%707%) x—I—i,i,x (23) 47( a%ao) }_1’ 7% (24) 2(}” 7_%) -f+}_17%7x
Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); £(0,4,4); £(3,0,%); (2); (3); (5); (13)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, . 1 1 .
Site symmetry (0,0,0)+ (0,5,5)+ (50,5)+ (53,0)+ h,k,l permutable
General:
9% j 1 (1) x,y,z (2) x,3,z 3) %,y,2 4) x,7,7 hkl © h+kh+1Lk+1=2n
(5) z,x,y (6) z, %,y (7 z,%,y 3) z,x,y Okl : k,l=2n
(13) y,x,2 (14) 3,%,2 (15) y, %, (16) 7,x,2 h00: h=2n
(17) x,z,y (18) x,z,y (19) x,z,y (20) x,z, y
(21) z,y,x (22) z,y,x (23) z,y,x (24) z,y,x
Special: as above, plus
48 i 2. X357 X353 12X 3 1% 3 11X 13X hkl : h=2n
1%, 15 X453 X 53 X I X
48 h .2 20 3,3,y 20, ) 2,9,5 Y 1¥ Y3, no extra conditions
Vi3, V53,9 AR A ¥, 953 A
48 g ..2 0,y,y 0,7,y 0,y,y 0,y,y 0,y v,0,y no extra conditions
¥,0,y ¥,0,y ,%,0 ¥:5,0 »,,0 ¥.5,0
32 f 3. X,X,X X, X,x X, x,x X, X, X no extra conditions
X,X,X X,X,X X,X,X X, X, X
24 e 4.. x,0,0 x,0,0 0,x,0 0,x,0 0,0,x 0,0,x no extra conditions
24 d 2.22 0,77 0,37 10,7 10,1 11,0 11,0 hkl : h=2n

8 ¢ 23. EE 11,3 hkl : h=2n

4 b 432 1,53 no extra conditions

4 a 432 0,0,0 no extra conditions
(Continued on page 639)

641



CONTINUED
(from page 641)

Symmetry of special projections
Along [111] p3m1

'=1(2a—-b-—c¢) b =i(—a+2b—c)
Origin at x,x,x

Along [001] p4mm
a =;a b =3
Origin at 0,0,z

Maximal non-isomorphic subgroups

I [2]1 F231(F23, 196)
[3]F412(1422,97)

{ [31F412(1422,97)
[31F412(1422,97)

[4] F132(R32, 155)

[4] F132(R32, 155)

[4] F132(R32, 155)

[4] F132(R32, 155)

Ila ([4]P4,32(208)
[4] P4,32 (208)
[4] P4,32 (208)

[4] P4,32(208)

[4] P432(207)
[4] P432(207)
[4] P432(207)
[4] P432(207)

IIb none

33,4, 5,6, 7, 8, 9; 10; 115 12)+

; 3, 45 13; 14; 15; 16)+

; 3, 45 17; 18; 19; 20)+

5 3, 45 215 22; 23; 24)+

; 95 145 19; 24)+

; 125 13; 18; 24)+

; 10; 13; 19; 22)+

; 11; 145 18; 22)+

1; 5, 9; 14; 19; 24; (4; 6; 11; 16; 18; 23)

13; 17; 21) +

1; 6; 12; 13; 18; 24; (4; 5; 10; 15; 19; 23) +

14 20 21) +

7; 10; 13; 19; 22; (4; 8; 12; 15; 18; 21)

14; 17; 23) +
;8 11; 14; 18; 22; (4; 7;9; 16; 19; 21)

3 20; 23) +

0 3;4;5;,6;7;,8;,9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24

4; 13; 14; 15; 16; (9 10; 11; 12; 17; 18; 19; 20) ( ,
;45 17; 18; 19; 20; (9; 10; 11; 125 21; 22; 23; 24) + (3,

;3545 21, 22; 23; 24; (5, 6; 7; 8; 17; 18; 19; 20)+ (0,4, 2

(5,1,0)
(5,3,0)
(1,1,0)

(272?0)

Maximal isomorphic subgroups of lowest index

IIc [27]F432(a =3a,b’

3b,¢' = 3¢) (209)

Minimal non-isomorphic supergroups
I [21 Fm3m (225); [2] F m3 ¢ (226)

Il  [2]P432(a =lab =

3b,¢' = 3¢) (207)

639

+(0,4,4); (3: 8 10; 15; 20; 22) +

+(0,5,3); (3; 6; 9; 16; 20; 24) +

No. 209 F432

Along [110] c2mm
a=ji(—a+b)
Origin at x, x,0

b =c

(5,0,5); (25 75 124
(0,4,1); (3; 7; 11; 16; 17; 22) 4+ (4,0,1); (2; 8; 9;

(3,0,5); (25 55 11

+(0,1,4); (3; 55 12; 15; 17; 24) 4 (3,0,1); (2; 6; 10;

1): (5 6: 7; 8; 21; 22; 23; 24) + (4,0, 4)
1); (5 6; 7; 8; 13; 14; 15; 16) + (4, 4,0)
1,0

5
02 2
); (9 10; 11; 12; 13; 14; 15; 16) + (1

29
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F4,32

No. 210

2

432

Sl
L ()

Cubic

Patterson symmetry Fm3m

b NP oy i
P AN - NN
3/

Origin at 23

Asymmetric unit
Vertices

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

11

®) 3 x,x,x

©) 3 x,x,x

(13) 2( O) -xax_%i
a7) 4

<5 = i<y<y —5<z<p
L1l 11 _ 1 1 _ 11
87898 8978 8 8 878
30101 31 13 11
87898 87 89 8 89 878

(2) 2(0,0,3) 0,3,z

(6) 3+(%7_%a%) )E-i—é,.x—f—é,)f

(10) 37 x,x+3,%

(14) 2 x,%+5.5

(18) 2(0,3,5) §.y+i.y

(22) 2(5170&1) x_%a%a-x

Copyright © 2006 International Union of Crystallography

,0

1

y <min(x,5 —x); —y<z<min(x,; —x)
(3) 2(0,5,0) 3.0 ) 2(;
(7) 3+(_%a%a% x+%?f_éaf (8) 3+<
(11) 37 &+1,%5,x (12) 3~
(15) 4°(0,0,3) 35,32 (16) 4+(
(19) 2 g y+i.y (20) 4*(
(23) 4°(0,3,0) 1.3 (24) 2

,0
,0

0

)

)

1
3
,0
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CONTINUED

Symmetry operations (continued)
For (0,4,4)+ set

No. 210

F4,32

(1) 1(0,5,5) (2)2 00z (3)2 iy 4 2(3,0,0) x,5,0
(5) 3+(%7%a%) X*%,X*é,X (6) 3* f+%axaf (7) 3* x,f,)? (8) 3* f+%,f+%,x
(9) 37(5,3,5) X5 x+5,x (10) 37 x+3,%,% (1) 37(5,3,—5) Tt+sz,0+5,x (12) 3° fxf
(13) 2(3,3,0) x,x.5 (14) 2(—3,3,0) x,%+3.3 (15) 47(0,0,3) 3,0.z (16) 4%(0,0,3) 1.3.2
(17) 47(2,0,0) x,3,—3 (18) 2(0,3,5) §.y—3.y (19 2 gy+3.9 (20) 4*(%, 0) x0,;
21) 47(0,3,0) 3.y,—3 (22) 2(3,0,5) x,5,% (23) 4°(0,3,0) 0.3 (24) 2(—3,0,3) F+3.5,x
For (4,0,4)+ set
(1) 1(4,0,4) ()2 1iz (3) 2(0.4,0) 0.} ) 2 x0,0
(5) 3°(4,4,4) xHix—px  (6) 3 FxF (7) 3° x+1,57 (8) 3" £,F+1,x
(9) 3 (5,3,5) X—5x—5,x (10) 3" (—=5,3,5) x+5¥+5.% (11) 3° X, X, (12) 3" xx+3,%
(13) 2(%7%70) -x7x7% (14) 2(%7_%7 ) )C,)E %7% (15) 47(00 ) %,O,Z (16) 4+(O>034) _%7%@
(17) 4°(3,0,0) x,5,0 (18) 2(0,5,3) 5.2y (19) 2(0,— 4-1%) Sy (20) 47(3,0,0) x,3,3
(21) 47(0,5,0) 3.5,0 (22) 2(3,0,3) x+3,5.x (23) 4°(0,3,0) —3.p3 (24) 2 XTti5.x
For (3,3,0)+ set
(1) 1(4,3,0) (2) 2(0,0,4) 102z (3)2 00 @2 xbit
(5) 3+(%7%7%) ‘x+é7x+%7x (6) 3+ 'i?x—"_%?f (7) 3+ x+27 27 (8) 3+ ‘f"fo
(9) 37 (3,5,5) xti5,xt+g,x (10) 3~ x,x,x (11) 37 x45,%+5,x (12) 37°(5,—35,5) X—5x+3,%
(13) 2(3,3,0) x,x+3.3 (14) 2 x,%+33 (15) 4°(0.0,3) 3,—32 (16) 47(0,0,5) 03,2
(17) 47(%7()’0) .X',%,O (18) Z(Oa%7%) %a Y (19) 2(0 %77-/1_1) 87y+27y (20) 4+(%7070) X,*%,%
(21) 47(0,3,0) 1.y.3 (22) 2(3,0,3) x,5,x (23) 47(0,5,0) O3 (24) 2(3,0,—3) Tt+5,3.x
Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); £(0,4,4); £(3,0,4); (2); (3); (5); (13)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry (0,0,0)+ (0,5,5)+ (50,5)+ (53,0)+ h,k,l permutable
General:
9% h 1 ()xyz @) £5+142+} (3) F+1y+1.2 @) x+1,5,2+} hkl : h+k=2nand
(5) z,x,y (6) z+ 3,55+ 3 (N Z,x+ 13,5+ ®)Z+3,x+3,5 h+1k+1=2n
9) y,z,x 10 y+3z+58  ADy+425+1 (12) 5,2+ 5x+1 OKL = k.l =2n
(3)y+ixti24d (O T+H55+524 (15 y+iitizbd (16) 7+ xti by w0 hHl=2n
: h=4n

48

48

32

16

16

8

8

b

a

(17) x+5,2+ §5+1
1) 241,541,543

(8) ¥+ 3,2+ 3, y+3
22) z+ 3,y + 3, x+3

1 o 1 1T o 1 o 3 3
.2 HYy+a Hy+3,9+3 Y+
o 1 o 3 7 = 1 3
y+i, §y Y+isY+s: y+i,
o 1 o 1 o 3 7 1
»I+ 15 Y+3,¥y+i% y+s,
=11
2.. 00 X,353 O,X,O
3 13 | 30103
HX+i,3 »Xt i3 X+ i3
3. X, X, X X,X+4,x+1
1 = 3 = 1 = 1 = 1
X+ 5x+ 5,543 Xt 3, X+ 5,X+3
5 5 5 3 7 1 7 1 3 1 3 7
.32 87858 85898 85878 87858
1 1 1 7 3 5 3 5 7 5 7 3
.32 81838 85898 85878 81898
1 1 1 1 3 1
23. 31353 Iriri }
3 1 3
23. 0,0,0 31701

Symmetry of special projections
Along [001] p4dmm
a=1ia
Origin at ;,0,z

b =!b

Along [111] p3m1
=:(2a—b—¢)
Origin at x,x,x

b/

(19) x4 5,2+3,+:
23) Z+ 5,y +i,x+3

{(—a+2b—c)

643

(20) x+1,24+3,y+3
(24) 244,544,541

Special: as above, plus

no extra conditions

x 5,5,% hkl © h=2n+1
X+ L3 x4?  or htk+l=4n
X+ 35,85+ 3 Okl : k+1=4n

x50+
hkl © h=2n+1
or hk,l=4n+?2
or h,k,l=4n
hkl © h=2n+1

or h+k+1=4n

Along [110] c2mm

a’=;(—a-+b)

b=c

Origin at x,x, §



F4,

32

No. 210

Maximal non-isomorphic subgroups

I

{

IIa

IIb

Maximal isomorphic subgroups of lowest index
[27] F4,32 (a =3a,b/

Ilc

[21 F231(F23, 196)
[31F4,12(14,22,98)
[31F4,12(14,22,98)
[31F4,12(14,22,98)
[4] F132(R32, 155)
[4] F132(R32, 155)
[4] F132(R32, 155)
[4] F132(R32, 155)

[4] P4,32(213)
[4] P4,32(213)

[4] P4,32(213)
[4] P4,32(213)
[4] P4,32(212)
[4]1 P4,32(212)
[4] P4,32(212)
[4] P4,32(212)

none

(1; 2; 3;
123
;35
;35

1; 5 9; 1
13; 17, 21)+(§,
1; 6; 12; 13; 18;
14; 205 21) + (3
1; 7; 10; 13; 1

14; 17; 23) + (%
1; 8; 11; 14; 18;
13; 20; 23) + (3,

3b,c¢' = 3¢) (210)

Minimal non-isomorphic supergroups
[2]1 Fd3m (227); [21 Fd3 ¢ (228)
[21P4,32(a' = ;a,b' = ;b,¢ = ;¢) (208)

I
IT

1
27

; 19; 24; (4; 6; 11; 16; 18; 23)
0)

m)

4; 5, 6; 7; 8, 9; 10; 11; 12)+
4; 13; 14; 15; 16)+

4; 17; 18; 19; 20)+

4; 21; 22; 23; 24)+

9; 14; 19; 24)+

; 125 135 18; 24)+

. 10; 13; 19; 22)+

; 11; 14; 18; 22)+

4567891011121314
; 135 14; 15; 16; (9; 10; 11; 12;

; 18; 195 20; (9; 10; 11; 125

4; (4; 5; 10; 15; 19; 23) +

+(0,4,4): (3; 8; 10; 15; 20; 22) +

CONTINUED

15; 16; 17; 18; 19; 20; 21; 22; 23; 24
17; 18; 19; 20)+(0,4,1); (5; 6; 7; 8; 21; 22; 23;

21; 22; 23; 24)+ (1,0,4); (5; 6; 7; 8; 13; 14; 15;
+(0,3,35); (9; 10; 115 12; 13; 14; 15;
(3,0,3); (25 7; 125

(0,4,4); (3; 7; 11; 16; 17; 22) + (£,0,1); (25 8; 9;

22 (4; 8; 12; 15; 18; 21)+(0,3,3); (3; 6; 9; 16; 20; 24)+ (3,0,3); (2; 5; 11;
1
5

1
25

0)

(4; 7; 9; 16; 19; 21)

644

+(0,4,4); (3; 55 125 15; 17; 24) + (£,0,4); (2; 6; 10;
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432 Cubic

05

1432
No. 211

Patterson symmetry Im3m

1432

i

Origin at 432

—I<

—le

Asymmetric unit

Vertices

646

Copyright © 2006 International Union of Crystallography


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o211/

CONTINUED No. 211 1432

Symmetry operations

For (0,0,0)+ set

(H 1 )2 0,0,z 3)2 0y0

®) 3" x,x,x 6) 3" x,x,%x (7 3% x,x,x

9 3 x,x,x (10) 37 x,x,x (11) 3~ x,x,x

(13) 2 x,x,0 (14) 2 x,x,0 (15) 4 0,0,z

(17) 4~ x,0,0 (18) 2 0,yy (19) 2 0,y

(21) 4" 0,,0 22) 2 x,0,x (23) 4 0,,0
For (3,5,3)+ set

(1) 1(5,3,3) (2) 2(0,0,3) 3,32 (3) 2(0,3,0) 1.3

(5) 3°(5,5,5) X,x,x (6) 3°(5,—5,5) Xt5,x+5,% (7) 3" (=%,555) X+3,8—3,%
) 3 (3,3,3) XXX (10) 37 (=,5,5) x+3,%+5,% (A1) 37(5,5,—5) *+35,%+5,x
(13) 2(%’%’0) x"x’% (14) 2 x’ _+%?% (15) 47(0707%) %707Z

(21) 47(0,5,0) 55,0 (22) 2(3,0,5) x,3,x (23) 47(0,5,0) 0.y,

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry (0a0a0)+ (%7 %a %)+
48 j 1 (1) x,yz (2) x5,z (3) x,y,z @ x5,z
(5) z,x,y (6) z,%,y (7) z,x,y (®) z,x,y
) y,z,x (10) y,z,x an y,z,x (12) y,z,x
(13) y,x,Z (14) y,x,z (15) y,%,z (16) y,x,z
(A7) x,z,y (18) x,z,y (19) x,z,y (20) x,Z,y
2D z,y,x (22) z,y,x (23) Z,y,x (24 z,y,x
24 i .2 RS LYY+ LYY+ LYYt
AR V35,57 y+i,5y y+i,5,y
MR yy+i,1 »y+i.d Voyt+i,i
24 h .2 0,y,y 0,y,y 0,y,y 0,5,y »,0,y »,0,y
¥,0,y y,0,y ».y,0 ¥,%,0 »,5,0 ¥,5,0
24 g 2" x7%70 X7%70 O,X’% 07‘i’% 2707‘x %707‘f
3,%,0 3,%,0 x,0,3 %,0,3 0,3,% 0,3,x
16 f .3. X,X,X X,X,x X, x,x X, X, X
X,X,X X,X,X X, X,X X, X, X
12 e 4.. x,0,0 %,0,0 0,x,0 0,%0 0,0,x 0,0,%
12 d 2.22 110 34,0 0,51 0,73 1,0,3 5,0,
8 ¢ .32 g i 303 i3
6 b 42.2 0,3,3 3,0,3 31,0
2 a 432 0,0,0
Symmetry of special projections
Along [001] p4mm Along [111] p3m1
a=1(a—b) b =j(a+b) a=12a-b-¢) b=1%i(-a+2b—c)
Origin at 0,0,z Origin at x, x,x
(Continued on page 645)

647

Reflection conditions

h,k,l permutable
General:

hkl : h+k+1=2n

Okl : k+1=2n
hhl : 1 =2n
h00: h=2n

Special: as above, plus

no extra conditions

no extra conditions

no extra conditions

no extra conditions

no extra conditions
no extra conditions
hkl @ k,l=2n

no extra conditions

no extra conditions

Along [110] p2mm
a’ =1i(—a+b) b = lc
Origin at x,x,0



CONTINUED
(from page 647)

No. 211

Maximal non-isomorphic subgroups

I (2171231 (123, 197)
[3]17412(1422,97)

{ [3]17412(1422,97)
[3]17412(1422,97)
[4]171132(R32,155)
[4]171132(R32,155)
[4]171132(R32,155)
[4]11132(R32,155)

Ila [2]P4,32(208)
[2] P432(207)

IIb none

(1; 2; 3; 4,5, 6; 7; 8 9; 10; 11; 12)+
1; 2; 3; 4; 13; 14; 15; 16)+

1; 2; 3; 4; 17; 18; 19; 20)+

1; 2; 3; 4 21; 22; 23; 24)+

1; 5, 9; 14; 19; 24)+

1; 6; 12; 13; 18; 24)+

1; 7; 10; 13; 19; 22)+

1; 8; 11; 14; 18; 22)+

;5,6 7, 8, 9; 10; 11; 125 (13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24) + (4
025 3,4, 5,6;7,8;,9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24

Maximal isomorphic subgroups of lowest index
IIc [27]171432(a =3a,b' =3b,¢ =3¢)(211)

Minimal non-isomorphic supergroups

I [211m3m (229)

I [41P432(a’ = ;a,b' = ;b,¢ = j¢) (207)

645

1432

ll)
1252
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P4,32 432
No. 212 P4,32

3 2 1 3 i 1

l Nob A NT 1

%I“i T ~ § \W-i,

3 /-} i I 1

N Ip . .

I i

LT 4 ok !

! Lt e l
N . - %
+ T i+ .
/i - bl .
g {—% '—§— 8
- = = o, \;\_L
AN Vo N

|

et

Cubic

Patterson symmetry Pm3m

2%
e

¥

£

T 0w

Asymmetricunit 0<x<!; 0<y<?i —-1<z<!l; ma
Vertices 07070 %a%7_% %a% 0 %a%?_% Oa%a_% %?%a%

Symmetry operations

(H 1 ) 2(0, 0,2) 7,0 (3) 2(072,0) Ovym 4 2
(5) 3" x,x,x (6) 3° erz, ,f (7) 3" x+5,%—3,% 3 3
9 37 x,x,x (10) 37 (=13,5, %) X5, X435, X (1) 37(5,5,—3) Fhs5,%+5,x (12) 3
(13) 2(5,5,0) x,x+3,3 (14) 2 x,f+ '8 (15) 4°(0,0,5) 3,0z (16) 4
(17) 4 (zl_u ) xa%vo (18) 2( % %) %7)}7%7)} (19) 2 %7)"”%7}7 (20) 4
(21) 4*(0,%7 JEERE (22) 2(5,0,3) x+1,5,x (23) 47(0,1,0) 0,y.3 (24) 2
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CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

24 e 1 (Dxyz (2) x+3,9,2+3
(5) z,x,y (6) 2+ 35,5+ 35,5
) y,z,x (10) ¥,z + 3,5+ 3
(1A3) y+i,x+3,2+37 (4 y+5,8+4,2+;
AN x+3,z+53,5+37 A8 T+i,z+5,y+1
QD z+5y+5,5+37 22 z+ 3,9+ 5,x+7
12 d ..2 Y+ Y+ HY+3,y+
J+i5Y J+557 y+i 6yt
»I+ i V. y+i.% y+5,y+i,
8 ¢ .3. X, X, X X+1,%5x+1
X+ 5,x+ 3,5+ X+ 5,X+ 5,5+
4 b 32 %’%’% %7%’% %7%7% %’%7%
4 a 32 %’%’% %7%’% %7%7% %’%7%

Symmetry of special projections
Along [001] p4gm
a=a
Origin at 1,1,z

Along [111] p3m1
b =b a

=1(2a—b—¢)

Origin at x,x,x

Maximal non-isomorphic subgroups

I [21P2,31(P2,3,198) 1;
{ [31P4,12(P4,2,2,96)
3

k)

[3]P4,12(P4,2,2,96)

s

1

1
[31P4,12(P4,2,2,96) I;
[4]1P132(R32,155) 1;
[4]1P132(R32, 155) 1;
[4]1P132(R32,155) 1
[4]1P132(R32, 155) 1

none

k)

s

k)

IIa
IIb

none

Maximal isomorphic subgroups
IIc

2;3,4;5;,6;7;8;,09;
0 35 4; 13; 14,

; 125 13; 18; 24
; 10; 13; 19; 22

2
2
2
5; 9; 14; 19; 24
6
7
8, 11; 14; 18; 22

of lowest index

Minimal non-isomorphic supergroups

I none

IT

[2]114,32(214); [4] F4,32(210)

(1); ¢(1,0,0); £(0,1,0); £(0,0,1); (2); (3); (5); (13)

1

B3)x,y+1i,7+

(7N z+5,%5y+
(1) y+13,7+1,%
(15) y+3,x+ 3,2+
19) x+1,z24+ 1,5 +1
(23) z+3,y+5,x+1

I

b hTH by

RS

EoTHhybh
BT
R EEEREE

b =!(-a+2b—c)

10; 11; 12

15; 16
;35 45 17; 18; 19; 20
235 4; 21; 22; 23; 24

649

No. 212

4 x+35,5+75,2
8) Z,x+3,+3
(12) 5+ 1, 7,x+ 4
(16) ¥+ 3,x+ 3,2+ 1
(20) x+ 3,2+ 5,y +1
Q) Z2+ 5,9+ 1,5+

P4,32

Reflection conditions

h,k,l permutable
General:

h00: h=4n

Special: as above, plus

no extra conditions

Okl : k=2n+1

or
or

hkl -
or

or
or

I=2n+1
k+1=4n

hk=2n+1
h=2n+1, k=4nand
l=4n+2

hok,l =4n+2
hok,l = 4n

Along [110] p2gm

a=j(—a+b)

b =c

Origin at x,x + 1, 3

[27] P4,32 (a' = 3a,b’' = 3b,¢ = 3¢) (213); [125] P4,32 (a' = 5a,b' = 5b, ¢ = 5¢) (212)
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P4,32 O’ 432 Cubic

NO. 2 1 3 P 41 3 2 Patterson symmetry Pm3m

;._
=
N
-

oolus

1 N 1
%‘-#—i 8 e N 44 —1

Oof—

Nl—

ot
<
<%

8 B B B | B B

Origin on 3[111] at midpoint of three non-intersecting pairs of parallel screw axes 4, and 2,

Asymmetric unit —1<x<} 0<y<3; 0<z<} x<y<x+i (y—x)/2<z<min(y,(—4x—2y+3)/2,(3—2x—2y)/4)
Vertices 07070 %3%70 %3%7}7 7417}77% 07%7% 23;7%7;

Symmetry operations

(H 1 (2) 2(0,0,3) 3.0,z 3) 2(0,2,0) O,ym 4) 2(5,0,0) x,3,0

(5) 3" x,x,x (6) 3" x+3,x,% (7) 3" x+4;,5—3,% (8) 3" x,X+3,x

(9) 3 X, X, X (10) 37<_%a%a%) x—i—é,i-ﬁ—é,i (11) 3 (zma %) x+3?i+éax (12) 37<%a_la%) X_é?x'i_%?i

(13) 2(3,5,0) xx—15 (14) 2 x,%+3.3 (15) 4°(0,0,3) 3,0,z (16) 47(0,0,3) —3,5.2

(17) 4°(3,0,0) x,3,0 (18) 2(0,3,5) §y+i.y (19) 2 fy+3.y (20) 47(5,0,0) x,—3.5

(21) 4+( a% 0) %ylet (22) 2(5170721) )C*%,%,)C (23) 47(07%70) anai (24) 2 X+§,§,x

Copyright © 2006 International Union of Crystallography 650


http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o213/

CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

(1); ¢(1,0,0); £(0,1,0); £(0,0,1); (2); (3); (5); (13)

24 e 1 (D)xyz (2) X+ 35,9,2+3 ) X,y+1,2+3
A y+ix+5.2+5 AHI+3.8+5,2+7 (A5 y+5,8+45,2+3
A7) x+3z+5,9+5 () X+4,z+3,y+5 (1D F+3,2+5,5+13
QD z+iy+5nE+3 22 z+5y+,x+7 23) Z+5,y+5x+1
12 d ..2 Yy Fa LhY+i Ly +LI+ts S+ V4
y+osy  ytnsny o Yoyt JEL5Y+s
wtns o Vy+ns o y+tsnitans VELIVELE
8 ¢ .3. X, X, X X+3,5x+1 XXx+3,5+ 3
I N R T e e
4 b 32 LLE O LhE 0 b aag}
4 a 32 %’%’% %7%’% %7%7% %’%7%
Symmetry of special projections
Along [001] p4gm Along [111] p3m1
a=a b =b a=3i2a—-b-c) b =i(—a+2b—c)
Origin at ;,0,z Origin at x, x,x
Maximal non-isomorphic subgroups
I [21P2,31(P2,3,198) 1; 2; 3; 4,5, 6; 7, 8 9; 10; 11; 12
[31P4,12(P4,2,2,92) 1; 2; 3; 4; 13; 14; 15; 16
[31P4,12(P4,2,2,92) 1; 2; 3; 4; 17; 18; 19; 20
[31P4,12(P4,2,2,92) 1; 2; 3; 4; 21; 22; 23; 24
[4]P132(R32,155) 1; 5, 9; 14; 19; 24
[4]P132(R32,155) 1; 6; 12; 13; 18; 24
[4]P132(R32,155) 1; 7; 10; 13; 19; 22
[4]P132(R32,155) 1; 8; 11; 14; 18; 22
ITIa none
IIb none

Maximal isomorphic subgroups
IIc

of lowest index

Minimal non-isomorphic supergroups

I none

IT

[2]114,32(214); [4] F4,32(210)

651

No. 213

4 x+35,5+75,2
8) Z,x+3,+3
(12) 5+ 1, 7,x+ 4
(16) ¥+ 1,x+ 3,2+
(20) ¥+ 5,24 5y + 3
(24) 24+ 3,5+ 1,541

P4,32

Reflection conditions

h,k,l permutable
General:

h00: h=4n

Special: as above, plus

no extra conditions

Okl :
or
or

hkl -
or

or
or

k=2n-+1
[=2n+1
k+1=4n

hk=2n+1
h=2n+1, k=4nand
l=4n+2

hok,l =4n+2
hok,l = 4n

Along [110] p2gm

a=j(—a+b)

b =c

Origin at x,x + 1, 3

[27]1P4,32 (a' = 3a,b' = 3b,¢' = 3c¢) (212); [125] P4,32 (a’ = 5a,b’ = 5b, ¢’ = 5¢) (213)
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14,32 O’ 432 Cubic

NO. 2 1 4 I 41 3 2 Patterson symmetry /m3m

& L | FEFH | PR
S £

k& &
| tedl e Lpap e

&
| ale & £
o L Fy F L & L F B & &G

Origin on 3[111] at midpoint of three non-intersecting pairs of parallel screw axes 4, and 4, and of three
non-intersecting pairs of parallel 2 axes

% L2
T
5%
£
L

Asymmetric unit I<x<

8

Vertices IR

ool —
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CONTINUED

Symmetry operations

For (0,0,0)+ set

(11 (2) 2(0,0,5) 3.0,z

(5) 3" x,x,x (6) 3" X+i,x,%

(9) 37 x7x7x (10) 37(7%’%7%) x+é7f+é7x
(13) 2(3,5,0) xx—1,5 (14) 2 x,%+3,3

(17) 47(3,0,0) x,5,0 (18) 2(0,3,3) §y+1.y

(21) 4+(0a%70) %7)’,*% (22) 2(%7()’%) X %aéax

For (4,5,5)+ set

(1) #(3,7:3) (2) 2 0,52

(5) 3+(%7%a%) Xy X, X (6) 3+(é77éaﬁl) f*é,)ﬁl’%,f
(9) 37(%7%7%) X, X, X (10) 37(%>_é7_%) x+é7f+é7i
(13) 2(3,3,0) x,x+3.3 (14) 2 x,%+3,5

(17) 47(%7070) x,%,O (18) 2(07%7%) %7)7_%7)]

(21) 47(0,3,0) 7,33 (22) 2(3,0,3) x+3.3,x

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

(0’0’0)+ (%7%’%)+

48 i 1 (Dxyz (2Q) X+35,5,2+3
(5) z,x,y (6) z+3,5+3,¥
) y,z,x (10) y,z+ 3,5+ 3
(13) y+3,x+3,2+5 (14 y3+3,8+3,2+3
A x+3z+5,5+3 (A8) F+i,z+3,y+1
QD z+3y+,8+5 22) z+4,9+5,x+13
24 h .2 R R SRR HY+5,y+
Yty  V+L5Y  ytonay+
WH+ing o VIV+Lhs o ytny+a,
24 g 2 £yt LYY+ Hy 35,7+
y+oey  y+tLsY o Jtaoyt
VY4 is Vy+i: yt+tsy+a
24 f 2.. x,O,i -f+%707?_1 }_17-xa0
Lx+, LE+L 0 x+i5d
16 e 3 X, X, X X+3,5x+3
x+5x+5,5+5 FHLE+E+
12 d 2.22 2,0,4 7,0,3 0 15,0
12 ¢ 2.22 10,4 $,0,3 0 50
8 b .32 RN 853 $15 8 $ 88
8 a .32 $153 $ %3 N BN

) X,y+3,2+3
(M 2+ 35,5y +3
(1) y+3,z+3,%
(15) y+ 1, x+ 3,2+ 3
(19) x+3,2+3,5+3
23) z+ 5, y+3,x+;

ool

=
+
olu Nl —

==

_|_
ST
oIL I

+ +

ST

ol 1=
e e
+ + <

+
~<

ol
-
EVR

+ + <
;<| ol 11—
+

01 I— Bl—
R A )
[SIEENT®

a=
O wi-

=1 Rl
+
ST vo
=N
ISTSNT
==

653

No. 214

1
ry
X (8) 3* X,x+1x
x+%7f+(lnx (12) 37(%77%7%) f*%,)ﬁk%’f
%707Z (16) 4+(O707%) _%7%’2
(20) 4+(%7070) -xa_%é
0.} (24) 2 TH13x
4 2 x,0,;
x+g, X+, X (8) 3"(5,5,—5) F+5,0+5,x
§) TnEHex (12) 37 (—f5,—1) T-fatsX
%707Z (16) 4+(070742) %évz
(20) 4+(%7070) x’%’%
0,5, (24) 2 X35,

Reflection conditions

h,k,l permutable

General:
4 x+3,5+1,2 hkl : h+k+1=2n
8) Z,x+1,y+1 Okl : k+1=2n
(12) 5+ 4,22+ fhl < 1=2n

h00: h=4n

(16) ¥+ 5, x+ 3,2+
(20) x+ 5,2+ 1,y+3
24 Z4+ 3,9+ 3,5+3

+

Special: as above, plus

no extra conditions

no extra conditions

hkl :
or
hhl :
or

h=2n+1
h=4n
h=2n+1
h+k+1=4n

Okl
or

k=2n+1
k+I1=4n

hkl -
or
or

hk=2n, h+k+1=4n
hk=2n+1,1=4n+2
h=8n,k=8n+4and
h+k+1l=4n+2
hk=8n+1,l=4n
h=8n+1and
k=8n—1,1=4n
hk=8n+3,l=4n
h=8n+3and
k=8n—3,1=4n

or
or

or
or

hkl : h=2n+1
or hk,l=4n+?2
or h,k,l=4n



14,32 No. 214

Symmetry of special projections

Along [001] p4mm Along [111] p3m1

a =1i(a—b) b =1i(a+b) a=1iQa-—
Origin at 3,0,z Origin at x,

Maximal non-isomorphic subgroups

b—c¢) b =j;(—-a+2b—c¢)

X, X

I [2112,31(12,3,199) (1; 2; 3; 4, 5, 6; 7; 8, 9; 10; 11; 12)+

[3174,12(14,22,98) (1; 2; 3; 4; 13; 14; 15; 16)+
{[3]14112(14122, 98) (1; 2; 3; 4; 17; 18; 19; 20)+

[3174,12(14,22,98) (1; 2; 3; 4; 21; 22; 23; 24)+
[411132(R32,155) (1; 55 9; 14; 19; 24)+
[411132(R32,155) (1; 6; 12; 13; 18; 24)+
[411132(R32,155) (1; 7; 10; 13; 19; 22)+
[411132(R32,155) (1; 8; 11; 14; 18; 22)+

IIa [2] P4,32(213) 1; 2; 3;
[2] P4,32 (212) 1;2:3

IIb none

Maximal isomorphic subgroups of lowest index
Ic [27]714,32(a =3a,b' = 3b,¢ = 3c) (214)

Minimal non-isomorphic supergroups
I [217a3d (230)
Il [4]P4,32(a = la,b = !b,c¢ = i) (208)

654

CONTINUED

Along [110] p2mm
a’ =1i(—a+b) b =1lc
Origin at x,x+ 1, 4

4; 5; 6;7; 8, 9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24
;4555 6, 7; 8, 9; 10; 11; 12; (13; 145 15; 165 17; 18; 19; 20; 21; 22; 23; 24) 4 (1,4,3)
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No. 215

Cubic

le 43m
P43m

Patterson symmetry Pm3m

Origin at43m

Asymmetricunit 0<x<1; 0<y<j; 0<z<3 y<min(x,1-x); z<y
Vertices 0,0,0 1,0,0 3,1,0 1i1,%

Symmetry operations

(1 (22 0,0,z (3)2 0,50 @ 2 x,0,0

(5) 3" x,x,x 6) 3* %,x,% (7) 3* x,%,% (8) 3* %,%,x

© 3 x,x,x (10) 3~ x,x,x (11) 37 x,x,x (12) 37 x,x,x

(13) m x,x,z (14) m x,%,z (15) 4+ 0,0,z; 0,0,0 (16) 4~ 0,0,z; 0,0,0
(A7) m x,y,y (18) 4* x,0,0; 0,0,0 (19) 4 x,0,0; 0,0,0 (20) m x,y,y

21) m x,y,x (22) 4 0,y,0; 0,0,0 23) m x,y,x (24) 4" 0,y,0; 0,0,0

Copyright © 2006 International Union of Crystallography
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CONTINUED

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); (2); (3); (5); (13)

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

24 j 1 (1) x,y,z
(5) z,x,y

) yz,x

(13) y,x,z

A7) x,z,y

2L z,y,x

12 i ..m X,X,Z
Z,X,X

12 h 2.. X, 3,0
%7x70

6 2.mm x,1,4
6 f 2.mm x,0,0
4 e 3m X, X, X
3 d 42.m 1,0,0
3 ¢ 42.m 0,1,4
1 b 43m e
1 a 43m 0,0,0

Coordinates

(2) x5,z
6) z,%,y
(10) y,z,x
(14) y,%,z
(18) x,z,y
(22) z,3,%

=1 N

20 =y
sl

[STE 4><|
= DI—

bl =1

=
=1

Symmetry of special projections

Along [001] p4mm
a=a b'=b
Origin at 0,0,z

Along [111] p31m
a=3i(2a—-b—c)
Origin at x,x,x

Maximal non-isomorphic subgroups

I [21P231(P23,195)
[31P41m (P42m, 111)
[31P41m (P42m, 111)
[31P41m(P42m, 111)
[4]1 P13 m (R3m, 160)
[41 P13 m (R3m, 160)
[4]1 P13 m (R3m, 160)
[41 P13 m (R3m, 160)

IIa none

IIb [2]F43c(a =2ab =

Maximal isomorphic subgroups of lowest index
Ilc [27]1P43m(a =3a,b =

;2 3,4, 5,6, 7,8, 9; 10; 11; 12
2; 3; 4; 13; 14; 15; 16
2; 3; 4; 17; 18; 19; 20
2, 3; 4, 21; 22; 23; 24

;0 5;9; 13; 17; 21
6; 12; 14; 20; 21
7; 10; 14; 17; 23
8, 11; 13; 20; 23

2b,¢ = 2¢) (219); [2] F43m (a’ = 2a, b

3b,¢ = 3¢) (215)

Minimal non-isomorphic supergroups
I [21 Pm3m (221); [2] Pn3m (224)
I [2]1733m(217); [4] F43m (216)

SRS
<

—~
~
~

= =
IS BRI IRl

I IR Tl

NI =
<

[SIE
[SIE
o1
=
o1

o
o
o
=
<)

(-a+2b—c¢)

No. 215

P43 m

Reflection conditions

h,k,l permutable
General:

no conditions

Special: no extra conditions

Along [110] p1m1
a=j(—a+b) b =c
Origin at x, x,0

2b,¢ =2¢) (216); [4]1143m (a’ =2a,b' = 2b, ¢ = 2¢) (217)
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F43m T} A3m Cubic

NO. 2 1 6 F Z‘- 3 m Patterson symmetry Fm3m

B
Bl

e

N

Sl

Si—

Wi

NI

(AL
e
i

Origin at 43m

Asymmetric unit x
Vertices ,0,0
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CONTINUED No. 216 F43m

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

(H 1 2) 2 0,0,z 3) 2 0y0 @ 2 x,0,0
®) 3" x,x,x (6) 3* xX,x,x (7 3 x,%,x ®) 3" x,x,x
(9) 3 x,x.x (10) 3~ x,%,% (1) 3° £ %x (12) 3~ £x,¥
(13) m xxz (14) m x,%z (15) 4 0,033 0,0,0 (16) 4 0,0.2; 0,0,0
(7)) m x)yy (18) 4* x,0,0; 0,0,0 (19) 4 x,0,0; 0,0,0 (20) m x,y.y
21) m xyx (22) 4= 0,y,0; 0,0,0 23) m xyx (24) 47 0,y,0; 0,0,0
For (0,1,5)+ set
(1) 1(0,5,3) (2) 2(0,0,3) 0,3,z (3) 2(0,3,0) 0.y, ® 2 X531
(5) 3+(%7%a%) X*%,X*é,x (6) 3* “‘27)6‘}»%7)E (7) 3+(7% % %) X+%,f*%,f (8) 3" f,f+%,x
9) 3 (5,3,5) x—g,x+g, (10) 37 (—=3,5,5) x+g,%+5,% (11) 3° %, X+3,x (12) 37 X—3,x+5,%
(13) g(%a%a%) X*%,X,Z (14) 5(7417%7%) X+%,f,z (15) 4+ 4747 25 %a%v% (16) 4- 7417%7Z; 741_17%7%
(17) £(0,3,3) xyy (18) 4% x,3,0; 0,5,0 (19) 4 XO,%, 0,0, (20) m x,y+3,9
(21) g(i?%a%) X—73,),X (22) 4- i?.yai; iai& (23) g(i_ %7%) f+417y7x (24) 4+ 7%7))7%’ 7%7%7%
For (3,0,3)+ set
(1) (0.9 @ 2(00.8) 102 32 Ly 4) 2(£00) x0.!
(5) 3+(%7%a%) x+é,x7é,x (6) 3+(%77%7%) f+é,x+é,f (7) 3* x+%7f7%7f (8) 3* x+27x+%
(9) 37(%7%7%) x—;ﬂ,x—%,x (10) 37 x—i_%rfr)E (11) §7 f+%7f>x (12) 3 ( 39 ;a;) 'x_€7x+%7-f
(13) g(i7%7%) x—i—ﬁ,x,z (14) 8(%7_i7%) X—f—i,f,z (15) ‘_"+ %7_%@; %7_%7% (16) 47 4a47z; zlwzlnjt
(17) g(%aiai) X,y*ﬁh)) (18) 4_"+ x?i?i? iaiai (19) 47 xaiivj_t; 3_177%7% (20) g(27 474) 7y+%7.)_]
21) g(3,0,3) xy,x (22) 4 55,05 3,0,0 (23) m x+3.y.x (24) 4 0,5,1; 0,0,5
For (5,4,0)-+ set
(1) 1(2,1.0) @2 iic (3) 2(0.10) 130 (4) 2(10.0) x40
(5) 37(5.3,5) X x+5,x (6) 3" ¥+3,x,% (7) 3" x+3,%,% (8) 3°(5,3,—3) Ftg,Xti,x
(9) 37(5,3,5) X+5,x+5,x (10) 37 x,%+3,% (11 3 (m, ) X3, dtgx (12) 37 Xx+3,%
(13) g(1,40) xxz (14) m x+b5z (15) & 10.2; 1,00 (16) & 0,42 0,50
(17) g(%ﬂ&) -x7y+£>y (18) 4_|_+ x7%7_£; %7%7_% (]9) 4- xnluzlu %7%7% (20) g(%wl?_%) x7y+%a)_/
(21) g(%aiai) erﬁ,y,x (22) 47 %7ya7%; iaiaii (23) g(4727 Z) f+%7y7x (24) 4+ ivyvi; %7%7%
Generators selected (1); #(1,0,0); #(0,1,0); £(0,0,1); #(0,3,3); #(5,0,3); (2); (3); (5); (13)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry (0,0,00+ (0,5,3)+ (5,0,3)+ (5,3,0)+ h,k,l permutable
General:
9% i 1 (1) x,y.2 ) £,5,2 () %,,2 @) x,5.2 Wil : h+kh+1k+1=2n
(5) 2,X,y (6) 2,X,y N Z,xy (8) Z,x,y Okl - k,l =2n
(9) »2,X (]0) V,2,% (ll)y,fvf (]2) V:Z,x hhl : h+1=2n
(13) y,x,z (14) y,%,2 (15) y,%,2 (16) 7,x,Z h00 = h=2n
(A7) x,z,y (18) x,z,y (19) x,2,y (20) x,z,y
(2D z,y,x (22) z,5,x (23) Z,y,% (24) z,y,x
Special: no extra conditions
48 h ..m X,X,Z X%,z X,x,Z X,X,Z Z,X,X 7,X,X
Z,X,X Z,X,X X,Z,X X,2,X X,Z,X% X,Z,X
24 8 2.mm x,ﬁ,% Xa%v% zl_uxazl_x %7)?7% zl_uiax %,J—H)E
24 2.mm x,0,0 %,0,0 0,x,0 0,%,0 0,0,x 0,0,%
16 e .3m X,X,X X,X,x X,x,X X, X%, X
4 d 43m 332
4 ¢ 43m A
4 b 43m 1a
4 a A3m 0,0,0
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F43m No. 216

Symmetry of special projections

Along [001] p4mm Along [111] p31m

a=1a b =1 =:(2a—b—¢) b =1:
Origin at 0,0,z Origin at x,x,x

Maximal non-isomorphic subgroups

| [21F231(F23,196) (1; 2; 3; 4, 5; 6, 7, 8, 9; 10; 11; 12)+

(—a+2b—c¢)

+(0,4,1); (3; 6, 9; 15; 18; 21) +

CONTINUED

Along [110] c1m1
a =1i(—a+b) b =c
Origin at x, x,0

4; 5; 6;7; 8 9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24

(0,4,1); (5; 6; 75 8; 21; 22; 23;
(3,0,1); (55 6; 7; 8; 13; 14; 15;
+(0,1,4); (9; 105 11; 12; 13; 14; 15;
(0,4,4); (3 8; 10; 16; 18; 23) +(3,0,4); (2; 7; 12
(0,4,4); (3; 7; 115 155 19; 23) +(3,0,1); (2; 8; 9;
(£,0,4); (25 55 115

(0,4,4): (35 53 125 163 195 21) + (4,0,4); (23 6 10;

[B1F41mI4m2,119) (1; 2; 3; 4; 13; 14; 15; 16)+
[B1F41mI4m2,119) (1; 2; 3; 4; 17; 18; 19; 20)+
[B1F41mI4m2,119) (1; 2; 3; 4; 21; 22; 23; 24)+
[41F13m (R3m, 160) (1; 5; 95 13; 17; 21)+
[4]1F13m (R3m, 160) (1; 6; 12; 14; 20; 21)+
[41F13m (R3m, 160) (1; 7; 105 14; 17; 23)+
[4]1F13m (R3m, 160) (1; 8; 11; 13; 20; 23)+
IMa ([4]P43m(215) 1; 2; 3;
[41P43m (215) 1; 2; 3; 4; 13; 14; 15; 16; (9; 10; 11; 12; 17; 18; 19; 20) +
_ 24) + (1,0,4)
[41P43m (215) 1; 2; 3; 4; 17; 18; 19; 20; (9; 10; 11; 12; 21; 22; 23; 24) +
_ 16) + (3,3,0)
[41P43m (215) 1; 2; 3; 4; 21; 22; 23; 24; (5; 6; 7; 8; 17; 18; 19; 20)
) 16) + (3,3,0)
[41P43m (215) 1; 5;9; 13; 17; 21; (4; 6; 11; 15; 20; 22) +
14; 19; 24) + (1,1,0)
[41P43m (215) 1; 6; 12; 14; 20; 21; (4; 5; 10; 16; 17; 22) +
13; 18; 24) (4,1,0)
[41P43m (215) 1; 7; 10; 14; 17; 23; (4; 8; 12; 16; 20; 24)
13; 19; 22) + (1,1,0)
[41P43m (215) 1; 8; 11; 13; 20; 23; (4; 7; 9; 15; 17; 24) +
14; 18; 22) + (3,5,0)
IIb none

Maximal isomorphic subgroups of lowest index
IIc  [27]1F43m(a’ =3a,b' =3b,c =3¢) (216)

Minimal non-isomorphic supergroups
I [2] Fm3m (225); [2]1 Fd3m (227)
II  [2]1P43m(a = la,b = ib,¢ = lc)(215)
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International Tables for Crystallography (2006). Vol. A, Space group 217, pp. 661-663.

Cubic

Patterson symmetry /m3m

43 m

[43m
No. 217

Origin at43m

111111

Asymmetric unit

Vertices

662
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CONTINUED

Symmetry operations

For (0,0,0)+ set

(1)1 )2 0,0,

®) 3" x,x,x 6) 3" x,x,%x

) 37 x,x,x (10) 3~ x,x,x

(13) m x,x,z (14) m x,xz

(7) m x)yy (18) 4* x,0,0; 0,0,0

Q1) m x,y,x (22) 4 0,y,0; 0,0,0

For (4,4,4)+ set

(1) 1(3,1,3) (2) 2(0,0,3) 3,32

(5) 3+(%7%7%) X, X, X (6) 3+(%7_é7é) X+%7x+%7f

) 37 (3,3:3) xxx (10) 37 (—5,5,5) X+5,5+3,%

(13) n(3,3,5) *x2 (14) ¢ x+3,%2

(A7) n(3,3,5) xyy (18) 4" x,5,0; 1,5,0

2D n(3,3.3) xy,x (22) 4= 35,05 3,5,0

Generators selected (1); 7(1,0,0); #(0,1,0); 7(0,0,1);

Positions

Multiplicity, Coordinates

Wyckoff letter, D

Site symmetry (0,0,00+ (%,7,3)+

48 h 1 (1) x,y,z (2) x,y,z (3) x,
(5) z,x,y (6) z,%,y M z,
) y,z,x (10) y,z,x a1y,
(13) y,x,z (14) y,x.z (5) y,
A7) x,z,y (18) x,z,y 19) x,
2D z,y,x (22) z,y,x (23) Z,

24 g .m X,X,Z X%,z X,x,Z

Z,X%,X Z,X, X X,Z2,X
24 f 2. X, 3,0 %, 3,0 0,x,3
%7x70 %7'f’0 x7072

12 e 2.mm x,0,0 x,0,0 0,x,0

2 d & LR RL0 04t

8 ¢ 3m X, X, X X, X,x X,x,X

6 b 42.m 0,5,3 3,0, 3 31,0

2 a 43m 0,0,0

Symmetry of special projections
Along [001] p4mm

a=ji(a—b) b =i(a+Db) a=1i2a—-b—c)
Origin at 0,0,z Origin at x,x,x
(Continued on page 661)

No. 217 [43m

3) 2 00 4) 2 x,0,0
(7) 3" x,%,% (8) 3* %,%,x
(11) 3~ %,%,x (12) 3~ %x,%

(15) 4* 0,0,z; 0,0,0 (16) 4~ 0,0,z; 0,0,0
(19) 4- x,0,0; 0,0,0 (20) m x,y,5
(23) m xy,x (24) 4+ 0,9,0; 0,0,0

(3) 2(0 %7 Z) Z (4) 2(%7 ) ) -xvj_n%

(7) 3" (—%r505) X+3,%—5,% (8) 3" (4,5,—5) Xt3,X+3,x
(A1) 37(5,5,—5) *+3, x+;, (12) 37(5,—5,5) *—35,x+5,%
(15) 4° 1,0,z; 1,0, (16) 4~ 0,3,z 0,3,3
(19) 4~ x,0,5; 1,0, (20) a xy+3.

(23) b xt+3y,x (24) 4% 0,5,3; 05,3
t(3,5,5): (2); (3); (5); (13)

»Zz (4) x,7,Z
X,y ®) Z,x,y
Z,x (12) y,z,x
X,z (16) y,x,z
Zy (20) x,z,y
¥, X (24) z,y,x
X,X,Z Z,X,X
X,2,X X,Z,X
07'27% %,O,X
2707% 0?%?x
0,x,0 0,0,x
0,3,3 5,0,3
X, X, X

Along [111] p31m

663

b =i(-a+2b-c)

Reflection conditions

h,k,l permutable
General:

hkl : h+k+1=2n
Okl : k+1=2n
hhl : 1=2n

h00: h=2n

Special: no extra conditions

Along [110] p1m1
a' =i(—a+b)
Origin at x,x,0

— 1
b’ = ;¢



CONTINUED No. 217 143 m

(from page 663)

Maximal non-isomorphic subgroups
I [211231 (23, 197) 1;2; 3,4, 5,6, 7; 8 9; 10; 11; 12)+
B1I31mI32m, 121) (13 2; 3; 4; 13; 14; 15; 16)+

{[3]1211m(1212m, 121) ;35 45 17; 18; 19; 20)+
;35 45 21; 225 23; 24)+
; 9, 13; 17; 21)+
; 125 145 20; 21)+
; 10; 14; 17; 23)+
; 11; 135 20; 23)+
;2: 3,4, 5,6, 7; 8, 9; 10; 11; 12; (13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24) + (3,3,3)

2;3;4;5,6;7,8;9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24

(
(
4 4 (
[B31141m (I42m, 121) (
[41113m (R3m, 160) (1;
[41113m (R3m, 160) (
[41113m (R3m, 160) (
[41113m (R3m, 160) (
IIa [2]P213n(218) 1
[2]1 PA3m (215) 1
IIb none

—_—
01N L NN

s

Maximal isomorphic subgroups of lowest index
IIc [27]1143m(a’ =3a,b' =3b,c¢ =3¢) (217)

Minimal non-isomorphic supergroups
I [211m3m (229)
II [4] P43 m(a = ja,b' = ib,¢ = l¢) (215)
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International Tables for Crystallography (2006). Vol. A, Space group 218, pp. 664—665.

P43n
No. 218

Cubic

Patterson symmetry Pm3m

Origin at 23

Asymmetric unit 0<x<i; 0<y<i; 0<z<3% z<min(x,y)
Vertlces 07070 %’070 %7%70 07%70 %7%7%

Symmetry operations

(H 1 2) 2 0,0,z (3) 2 0,y,0

(5) 3" x,x,x 6) 3* %,x,% (7) 3* x,%,% 8) 3
) 37 x,x,x (10) 37 x,x,x (11) 37 x,x,x (12) 3-
(13) n(3,35,3) xxz2 (14) ¢ x+3,%z (15) 4* 3,0,z 3,0,4 (16) 4-
(A7) n(3,3,%) %,y (18) 4" x,3,0; 1,5,0 (19) 4 x,0,3; 3,0,3 (20) a
QD) n(5,35,5) x,y,x (22) 4 3,5,0; 3,1,0 (23) b X+ 3,3, (24) 4*

Copyright © 2006 International Union of Crystallography 664
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CONTINUED

Generators selected (1); #(1,0,0); ¢(0,1,0); #(0,0,1);
Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
24 0 1 (Dxyz (2) x5,z
() z,x,y (6) z,%,y
) y,z,x (10) y,z,x
(13) y+3.x+5,2+7 (14 y+5,5+5,2+3
ADx+3,2+5y+5 (8 F+3,2+3,5+;
QD z+3y+5x+5 22)z+3,5+5,8+;
12 h 2.. x,0,% x,0,1 1,%,0
5,x+ 3, 5X+3,0  x+35,0,3
12 g 2.. x,5,0 %, 3,0 0,x,3
Ox+4t  0F+LE  x+110
12 f 2.. x,0,0 x,0,0 0,x,0
Lx+1,: 0 LAti; Xt
8 e .3. X, X, X X, X, x
T B e R
6 d 4. 0,5 50, 5,50 53,0
6 ¢ 4. 50 33,0 05,5 0,33
6 b 222.. 0,535 30,3 55,0 0,30
2 a 23. 0,0,0 1,44

Symmetry of special projections

Along [001] p4dmm Along [111] p31m
a=a b =b a=1:2a—-b—c)
Origin at 3,0,z Origin at x,x,x

Maximal non-isomorphic subgroups

I [21P231(P23,195) 1; 2; 3; 4;
[31P41n(P42c, 112) 1; 2; 3; 4; 13; 14; 15; 16
[31P41n(P42¢,112) 1; 2; 3; 4; 17; 18; 19; 20
[31P41n(P42c,112) 1; 2; 3; 4; 21; 22; 23; 24
[41P13n(R3c, 161) 1; 5; 9; 13; 17; 21
[41P13n (R3¢, 161) 1; 6; 12; 14; 20; 21
[4]1P13n(R3c, 161) 1; 7; 10; 14; 17; 23
[41P13n (R3¢, 161) 1; 8; 11; 13; 20; 23

IIa none

IIb [4]7143d(a =2a,b =2b,c = 2c) (220)

Maximal isomorphic subgroups of lowest index
IIc [27]P33n(a =3a,b =3b,¢ = 3¢) (218)

Minimal non-isomorphic supergroups
I [2] Pn3n(222); [2] Pm3n (223)
II  [21743m(217); [4] F43¢(219)

b=

No. 218 P43n

(2); (3); (5); (13)

Reflection conditions

h,k,l permutable
General:
(3) x,y.2 ) x,5,Z hhl : 1 =2n
(7 z,%,y ®) Z,x,y h00: h=2n
(ll)y,Z,i (12) y,z,x
(19) x+ 3, Z-l—%y—i—% 0) x+ 5,7+ 35,9+1

(23) Z+5y+5,8+35 @HZ+5,7+5x+3

1
2

Special: as above, plus

1,%,0 0,3,x 0,3, hkl : h=2n

THL0E Obxtd 0LE+!

0,%,3 1,0,x 3,0,% hkl : h=2n

i+%7%70 %,0,X+% %707/?4’%

0,%,0 0,0,x 0,0,x hkl : h+k+1=2n

¥+3,51 nnXti  5nX+;

X, x,X X, %, X hkl © h+k+1=2n

X+5¥+5I+5 FpxtiE+s

07%7% Oa%a% hkl : h+k+1=2n

or h=2n-+1, k=4nand

%aoa% %aoa% l:4n+2

1,0,0  0,0,3 Bkl : h+k+1=2n
hkl : h+k+1=2n

Along [110] p1m]1
%( a+2b7c) a’:%(fa+b) b/:%c

Origin at x,x,0

5;6; 7; 8;9; 10; 11; 12
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International Tables for Crystallography (2006). Vol. A, Space group 219, pp. 666—-668.

Cubic

43 m

Patterson symmetry Fm3m

No. 219

\-- /l._4 3_4\ ../
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=
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=
et
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S
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o,
o
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B B
br O Ia
B B
2 B 3
@ & 3
&2 B B

Upper half of unit cell

Fad

&

Lower half of unit cell

Origin at 23

Asymmetric unit

666
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CONTINUED
Symmetry operations
For (0,0,0)+ set

1) 1

®) 3" x,x,x

©) 37 x,x,x

(13) n(%é,%) X, X,2
(A7) n(z,3,5) *yy

2D n(z,3,1) *y,x

~
—
~
~
—~
(ST
D=
~—

g

1
—5,XZ

305) XXt
(9) 37(5o5,3) x3,x45,x
b
1

3
(13) ¢ x,x,z
(17) g(0717i) -x7y_%>y
(21) g(%a07%) X*i,yvf

No. 219

2) 2 0,0,z 3) 2 0y0

(6) 3" x,x,% (7) 3" x,%,%
(10) 3~ x,x,x (11) 3~ x,x,x
(14) ¢ x+3,%z (15) 4 1,0,z 3,0,
(18) 4% x,3,0; 1,5,0 (19) 4" x,0,5; 1,0,
(22) 4= 3,y,0; 5,50 (23) b xH+5.y,

(2) 2(0707%) 07Z>Z (3) 2(0 %70 07}’&

(6) 3* “‘27)6‘}»%7)E (7) 3+(7% %a%) X+%, 7% X
(10) 3’(*%7%7%) X+5, 45, X (11) 3° %,_ 3,%
(14) g(w Z7 ) X+%,X,Z (15) 4+ _7737Z7 zlu 41170
(18) 4° x0,0: 3,00 (19) & x,0,0; 1,0,0
(22) 4 47ya ) %a077 (23) g(%70a7%) f+%7y7-x

(3)2 ;
(7) 3" x
(11) 37 x
(15) 4" 14
(19) 4 x,!
23) b xyx

( l
3737 3

S 1 =1
) x+§7x+67x

(15) & 0,0 00.1

(19) 4 x,—

474

11
5 0>_ZaZ

(23) g(— 1,0,4) X3.0,x

F43c

2
(8) 3" x
(12) 3~ %x,%
(16) 4
(20) a xy+5.y
(24) 4

4 2 x5,3
8) 3" x,x+1,x
(12) 3= x—3
(16) 4 11z
(20) a x,y.5
(24) 4 1y

4) 2(4,0,0) x,0,1

(8) 3" xt3,%+3,x

(12) 3 ( 39 3a;) X_érx'i_%ai
(16) 47 i’i’z’ %75_170

(20) g(0,5,—3) xy+3.3
(24) 47 0,,0; 0,10

Generators selected  (1); 7(1,0,0); #(0,1,0); #(0,0,1); £(0,4,4); #(5,0,3); (2): (3); (5): (13)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, . 1 1 o
Site symmetry (0,0,00+ (0,5,3)+ (5,0,3)+ (5,3,0)+ h,k,l permutable
General:
% h 1 ()xyz (2) %,,2 3) x,y,Z 4) x,9,2z hkl : h+k=2n and
(5) Z?-xay (6) Z,f,)_’ (7) Z»f»)’ (8) Zaxv)_} h+l7k+l: 27’1
(9) Y2, X (10) yazaf (ll)yazai (12) yaza-x Okl : k’lzzn
A3 y+ixtizts () F+i8+ic+s A y+58+52+5 (16)F+ix+32+3 Al ml=2n
(AD x+5z+hy+1 A FFLz+ b+t (1) F+5LT+Ly+s QO x+1z4by+1 A0 h=2n
@D z+sy+3x+3 Q) z+57+58+5 @) Z+5,y+3,5+5 Q) I+55+5x+3
Special: as above, plus
48 g 2. X503 X33 BHXd i3 DX X hkl i h=2n
X5, LT Xt+5ngi K5 Xt ikt
48 f 2 x,0,0 x,0,0 0,x,0 0,x,0 0,0,x 0,0,% hkl : h=2n
%x+% % %?i+%7% x+%7 7% X‘i’%,%,% %7%7‘x+% %7%7'2 %
32 e .3. X,X,X X, X,x X,x,X X, X, X hkl © h=2n
XF+5x+5x+3 Xt k+ixts x5 X+ k4 XItiat X+
24 d 4.. +,0,0 20,0 0,1,0 0,3,0 0,0, 0,0,2 hkl : h=2n
24 ¢ 4. 0,3,3 0,73 10,5 10,3 11,0 1,0 hkl : h=2n
8 b 23. TR 133 hkl : h=2n
8 a 23. 0,0,0 55,3 hkl : h=2n
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F43c¢ No. 219 CONTINUED

Symmetry of special projections

Along [001] p4mm Along [111] p31m Along [110] p1m1
a=1a b =1ib a=1:2a-b—c) b =i(—a+2b—c¢) a=1I(—a+b) b =lc
Origin at 0,0,z Origin at x,x,x Origin at x,x,0

Maximal non-isomorphic subgroups

I [21F231(F23,196) (1;2; 3;4; 5,6, 7;8;9; 10; 11; 12)+

[B1F41n(I4c2,120) (1; 2; 3; 4; 13; 14; 15; 16)+

[31F41n(I4c2,120) (1; 25 3; 4; 17; 18; 19; 20)+

[31F41n(I4c2,120) (1; 25 3; 4; 21; 22; 23; 24)+

[41F13n (R3¢, 161) (1; 5;9; 13; 17, 21)+

[4]F13n(R3c, 161) (1; 6; 12; 14; 20; 21)+

[4]1F13n (R3¢, 161)  (1; 7; 10; 14; 17; 23)+

[4]F13n(R3c, 161) (1; 8; 11; 13; 20; 23)+

IIa ([4]P43n(218) 1;2;3;4,5;,6; 7, 8,9, 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24
1;
2
1;
1
1;
1
1;

[4] P33n (218) L2 3 45 13; 145 15; 16; (9; 10; 115 12; 17; 18; 19; 20) + (0,1, 1); (5: 6; 7; 8; 21; 22; 23;
4)"’(%707%)
[4]P4_|-3n(218) ;25 35 45 17; 18; 19; 20; (9 10; 11; 12; 21; 22; 23; 24) (,0,2) (5 6; 7; 8; 13; 14; 15;
6) + (3,1,0)
[4]P4_|-3n(218) 2; 3; 4, 21; 22; 23; 24, (5; 6; 7; 8; 17; 18; 19; 20)+(0,%,%); (9; 10; 11; 12; 13; 14; 15;
6) + (3,1,0)
[4] PA31 (218) 5;9; 13; 17; 21; (4 6; 115 15; 20; 22) + (0,1, 1); (3; 8; 10; 16; 18; 23) + (1,0,1); (2; 7; 12;
14; 19 24) (2,2,0)
[4] P33n (218) 1; 6; 12 14; 20; 21; (4 5 10; 16; 17; 22) +(0,1,1); (3; 7; 11; 155 19; 23) + (4,0,1); (2; 8; 9;
13; 18; 24) (2,2,0)
[4] P33n (218) 1; 7; 10; 14; 17; 23; (45 8; 125 16; 20; 24) +(0,1,1); (3; 6; 9; 15; 18; 21)+ (1,0,1); (2; 5; 11;
13; 19; 22) +(3,3,0)
[4] P331 (218) 1;8; 11; 13; 20; 23; (4 7; 9; 155 17; 24) + (0,1, 1); (3; 5; 125 16; 19; 21) + (1,0, 1); (2; 6; 10;

14; 18; 22) +(4,1,0)
IIb none

Maximal isomorphic subgroups of lowest index
IIc [27]1F43c(a =3a,b =3b,¢ =3c)(219)

Minimal non-isomorphic supergroups
I [21 Fm3c(226); [21 Fd3c (228)
II  [2]1P43m(a = la,b = ib,¢ = lc)(215)
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CONTINUED

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

(H 1 (2) 2(0,0,3) 3,0z

(5) 3" x,x,x (6) 3" X+1,x,%

9) 3" x,xx (10) 37 (—=3,5,5) x+g,5+5,%
(13) d(3,5,5) xx2 (14) d(—1,5,3) x+3,%2

(17) d(i?ia%) Y (18) 4_"+ X,%,*i; %’%’7%

Q1) d(3,1,1) xyx (22) 4= 1.5,0; 3,50

For (4,4,1)+ set

(1) 1(4,4,3) ()2 042

(5) 3+(%7%7%) X, X, X (6) 3+(%7_é7é) X_%rx—i_%ri
(9 3 (4,5,4) xxx  (10) 3 (4—f—1) xiFHLF
(13) d(%?%a%) X, X,2 (14) 6_1(41a7%7%) X+%,f,z

(7) d(233) vy  (18) 3 x bbb

1) d(3,3,7) xyx (22) 4 3.3,0; 3,5,0
Generators selected (1); #(1,0,0); ¢(0,1,0); #(0,0,1); ¢
Positions

Multiplicity, Coordinates
Wyckoff letter, L

Site symmetry (0,0,00+ (%,7,3)+

48 e 1 (D) x,v,z

(5 z,x,y

©) y,z,x
(13) y+ 1,0+ 3,2+
A7) x+ 1,24+ 1,y+4
QD z+5,y+3,x+3

24 x,0,

1 1 1
X+t

ikl
+

1

16 ¢ .3. X, X, X

1 1 1
X+, X+5,X+;

12 b

N
e

1
707Z 707

oln
ST

12 a

N
oot

‘707

0l—
(=)
IS

sl—

Symmetry of special projections
Along [001] p4gm

a=1i(a—b) b =1i(a+b)
Origin at 0,1,z
(Continued on page 669)

(2) x+3,9,2+3
6) z+35,5+3,)
(10) y,z+ 3,5+ 3

(14) 4,5+ 1,2+ 3
(18) F4 3,2+ 1,5+
(22) 241,541,743

1 3 1
EaOaZ Zax70
3 1 1 1
+1,0 X+3,3,3
= 1 = 1
x+ 5>-x7-x+5
= 1 = 3 3
X+, X+t 5,Xx+3
1 7 3 5
%0 53,0
1 3 31
13,0 53,0

3) 2(072,0) 07%4
(7) 3" xt3,%—

27

(11) 3" (3737 %) x+3’i+%’x
(15) 4+ 25 47Z7 ;7_

No. 220

1

Z?% (16) Z‘ﬁ

143d

(19) 4 .X'O,4, flsao 7 (20) d(miiﬂ) x7y+%7.)7

(23) d(Z7Z77%) x+2,y,x (24) 4+ 7417 7%7 7%7%7%

(3) 2 i,y,O 4 2 x0,;

(7) 3" (—%.5:5) xts,5+g,% (8) 3 (4,5,—5) F+3,8+5,x
(D) 3 (=5,—55) FHadtex (12) 37 (—5,4,—5) F—gx+5,%
(15) 4" 5,5,% 5,558 (16) 4 0,1,z 0,53

(19) 4 x,0,55 50,5 (20) d(5,5,— 1) xy+iy

(23) d( % %’%) f+%7y7x (24) 4+ 47y727 Z?é?%

3)x,y+1,2+3

(M 2+ 35,5y +3
(A1) y+3,2+5,%
(15) y+3,x+ 3,7+ 32
(19) x+1,z+3,y+2
23) 243,y +3,5+3

Along [111] p31m

a=1%i2a—-b-c¢)

Origin at x, x,x

1,X+73,0 0,%,x 0,2,5+% hkl : h=2n+1
¥+3,0,5 X+ 0,3,5+:3 or h=4n
XX+ 5,5+ x4+ LE+LE hkl = h=2n+1
X+ 5,545,841 F+ix+3x+L  or h+k+l=4n
07%7% 07%7% hkl - h,k:2n,h+k+l:4n
} or hyk=2n+1,l=4n+2
0,73 0,%,% or h=28n, k=8n+4and
h+k+1l=4n+2
or h=8n+1and
k=8n+3,1=4n
or h=8n+1and
k=8n+5,1=4n
or h=8n+7and
k=8n+3,l=4n
or h=8n+7and
k=8n+5,1=4n
Along [110] c1m1
b =1i(—a+2b—c¢) a’ =1i(—a+b) b = lc
Origin at x,x+ },0

671

D x+3,5+1,2

®)Z,x+3,7+3
(12) y+4,Z,x+ 1
(16) y+ 3, x+3,7+1
20) x+ 3,7+ 49+
Q4) 2+ 5,5+ 3x+3

Reflection conditions

h,k,l permutable

General:

hkl
Okl -
hhl :
h00 :

ch+k+1=2n
k+1=2n
2h+1=4n
h=4n

Special: as above, plus



CONTINUED
(from page 671)

No. 220

Maximal non-isomorphic subgroups

I [2112,31 (12,3, 199)
[317141d (132d, 122)
{ [31141d (1324, 122)
[31141d (132d, 122)
[41113d (R3¢, 161)
[41113d (R3¢, 161)
[41113d (R3¢, 161)
[41113d (R3¢, 161)
IIa  none
IIb none

3;4;5,6; 7,8, 9; 10; 11; 12)+
3; 4; 13; 14; 15; 16)+

3; 4; 17; 18; 19; 20)+

3; 4; 21; 22; 23; 24)+

9; 13; 17; 21)+

12; 14; 20; 21)+

10; 14; 17; 23)+

11; 13; 20; 23)+

Maximal isomorphic subgroups of lowest index
IIc [27]133d (a =3a,b' = 3b,c = 3c¢) (220)

Minimal non-isomorphic supergroups

I [2]171a3d (230)

II  [4]P33n(a =lab =

1
Ebac/

3¢) (218)

669
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— | _
Pm3m O, m3m Cubic
No. 221 P 4 / m 3 2 / m Patterson symmetry Pm3m

B0 0O 8 &

Origin at centre (m3m)

Asymmetric unit
Vertices

Symmetry operations
(given on page 674)
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CONTINUED No. 221 Pm3m
Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (3); (5); (13); (25)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry h,k,l permutable
General:
48 n 1 D) x,y,z 2) x,y,z 3) x,y,z 4) x,9,Z no conditions
(5) z,x,y (6) z,%,y (7 z,%,y (®) z,x,y
(13) y,x,2 (14) y,x,z (15) y,x,z (16) y,x,z
(17) x,z,y (18) x,z,y (19) x,z,y (20) x,z,y
(21) z,y,x (22) z,y,x (23) Z,y,x (24) z,y,x
(25) x5,z (26) x,y,Z 27 x,y,z (28) x,y,z
(29) z,x,y (30) z,x,y (31) z,x,y (32) z,x,y
(33) y,z,x (34) y,Z,x (35) y,z,x (36) y,z,%
(37) y,%,z (38) y,x,z (39) y,x,Z (40) y,x,Z
(41) x,z,y (42) x,z,y (43) x,z,y (44) x,z,y
45) z,y,x (46) Z,y,x (47) z,y,x (48) z,y,x
Special: no extra conditions
24 m ..m X,X,7 X,%,z X,x,Z X,X,Z Z,X,X Z,X, X%
Z,X,X Z,X,X X,2,X X,2,X X,Z,X X,Z,X
X, X, Z X, X,z X,X,2 X, X, 2 X,2,X X,2,X
X,Z_,.f X,Z,X Z,X,.f z,i,x vav-x Z,f,f
24 l m A %7y7Z %a)_}7z %7)’72 %7.)_}’2 Z?%’y Z?%’}_}
Z3,Y Z3,¥ Y23 Vi2,3 Y23 ViZ,3
NEN V1,2 Y, 1,2 V.12 3.2, 3,2,
5%, 5,2,y A A Y3 Y1
24k m.. 0,y,z 0,5,z 0,9,z 0,y,2 2,0,y 2,0,y
Z7O7y 2707)7 y’Z70 y7Z7O y7Z7O .)_}7270
%,0,2 ¥,0,2 %0,z ¥,0,z 0,2,y 0,z,y
0,z,y 0,2,y 2,0 z,5,0 y,0 z,5,0
12 j m.m2 50,y 3,9,y 5L0,Y 59,5 NN ¥ 5,y
Vi1, V3,9 V.Y s A A, V.93
12 @i m.m2 0,y 0,3,y 0,y 0,5,y »,0,y »,0,y
7,0,y 7,0,y ».5,0 ¥,%,0 5,0 5,50
12 h mm?2.. x,3,0 x,3,0 0,x,3 0,%,3 5,0,x 5,0,x
;ax>0 %a)@o -xaoa% )E,O,% 07%7)2 0,%,)&'
8 g 3m X, X, X X, X,x X, x,X X, X, X
X,X,X X,X,X X,X,X X, X,
6 f 4m m x’%?% f?%’% %’x7% %?X7% %?%7‘x %?%7f
6 e 4m.m x,0,0 x,0,0 0,x,0 0,x,0 0,0,x 0,0,x
3 d 4/mm.m 1,0,0 0,3,0 0,0,
3 ¢ 4/mm.m 0,33 3,0, 3 31,0
1 b m3m 1y3,3
1 a m3m 0,0,0
Symmetry of special projections
Along [001] p4mm Along [111] p6mm Along [110] p2mm
a=a b =b a=3;2a—-b—c) b =i(—a+2b—¢) a’=;(—a-+b) b =c
Origin at 0,0,z Origin at x,x,x Origin at x, x,0

673



Pm3m No. 221 CONTINUED

Maximal non-isomorphic subgroups

I [21P43m (215) ;2;3;4;5,6;7; 8,9, 10; 11; 12; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47; 48
[21P432(207) 02;3:4;5;,6;7;8;9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24
[21Pm31(Pm3,200) 0 2:3;4;5;6; 7, 8;9; 10; 11; 12; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36

;45 13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40

;45 17; 185 19; 20; 25; 26; 27; 28; 41; 42; 43; 44
4; 21; 22; 23; 24; 25; 26; 27; 28; 45; 46; 47; 48

9; 14; 19; 24; 25; 29; 33; 38; 43; 48

;125 13; 18; 24; 25; 30; 36; 37; 42; 48

10; 13; 19; 22; 25; 31; 34; 37; 43; 46

; 11; 14 18; 22; 25; 32; 35; 38; 42; 46

el e e e e
OO\]O’\UINQI\)I\)I\)NN

[31P4/m12/m(P4/mmm, 123) 5 2; ;
[31P4/m12/m(P4/mmm, 123)
[4]1P132/m (R3m, 166)
[4]1P132/m (R3m, 166)
[4]1P132/m (R3m, 166)
[41P132/m (R3m, 166)

IIa none

IIb [2]Fm3c(a =2a,b =2b,c =2c)(226); [2] Fm3m (a’ =2a,b’ =2b,c¢ = 2¢) (225); [4]Im3m (a’ =2a,b' = 2b,c¢ = 2c) (229)

3

3

. 3.

{ [31P4/m12/m(P4/mmm, 123) 3
3

3

k) k)

Maximal isomorphic subgroups of lowest index
IIc  [27]1Pm3m(a =3a,b =3b,c =3c) (221)

Minimal non-isomorphic supergroups
I none
II  [2]11m3m(229); [4] F m3m (225)

Symmetry operations

(H 1 2) 2 0,0,z 3) 2 0,y,0 @ 2 x,0,0
5) 3" x,x,x (6) 3% x,x,x (7 3% x,x,%x ®) 3" x,x,x
9 3 x,x,x (10) 3~ x,x,x (11) 3~ x,x,x (12) 3= x,x,x
(13) 2 x,x,0 (14) 2 x,x,0 (15) 4- 0,0,z (16) 4+ 0,0,z
(17) 4 x,0,0 (18) 2 0,y,y (19) 2 0,y,y (20) 4% x,0,0
(21) 4% 0,y,0 22) 2 x,0,x (23) 4 0,y,0 24) 2 x,0,x
25 1 0,0,0 26) m x,y,0 27 m x,0,z 28) m 0,y,z
(29) 3* x,x,x; 0,0,0 (30) 3+ %,x,% 0,0,0 31) 3* x,%,% 0,0,0 (32) 3* %,%,x; 0,0,0
(33) 37 x,x,x; 0,0,0 (34) 37 x,x,%; 0,0,0 (35) 3~ x,%,x; 0,0,0 (36) 3~ x,x,% 0,0,0
(37 m x,%z 38 m x,x,z (39) 4 0,0,z; 0,0,0 (40) 4+ 0,0,z; 0,0,0
(41) 4~ x,0,0; 0,0,0 42) m x,y,y 43) m x,y,y (44) 4+ x,0,0; 0,0,0
45) 4+ 0,y,0; 0,0,0 46) m x,y,x 47) 4 0,y,0; 0,0,0 48) m x,y,x
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Pn3n Oi m3m Cubic
No. 222 P 4/n32/n

Patterson symmetry Pm3m

ORIGIN CHOICE 1

B f—

Bl
Bl

N:

.

Origin at 432, at —1, —1, — 1 from centre (3)

Asymmetricunit 0<x<}i; 0<y<!i; 0<z<i y<x; z<y
Vertices 0,0,0 1,0,0

1 1 1 1 1
3 52,0 3,3,7
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CONTINUED No. 222 Pn3n
Symmetry operations
(H 1 2) 2 0,0,z 3)2 0y0 4 2 x,0,0
5) 3" x,x,x (6) 3" x,x,% (7) 3" x,%,% 8) 3" x,x,x
9 3 x,x,x (10) 37 x,x,x (11) 3~ x,x,x (12) 37 x,x,x
(13) 2 x,x,0 (14) 2 x,x0 (15) 4= 0,0,z (16) 47 0,0,z
(17) 4= x,0,0 (18) 2 0,y,y 19) 2 0,y,y (20) 4 x,0,0
(21) 47 0,y,0 22) 2 x,0,x (23) 4 0,y,0 24) 2 x0,x
(25) 1 3,53 (26) n(3,5,0) x5 (27 n(3,0,3) x,3.2 (28) n(0,3,3) 1.2
(29) §+ X, X, X5 %7%7% (30) §+ f_l7x+17fs _Z % % (31) §+ x?-f—’—l?-f; %7%7_% (32) 3+ -x+1 -f-x % _%7%
(33) 3" x,X,x5 1,103 (34) 37 x+1,7-1,5 1,—1,3 (35) 37 X x+1,x —1,5,1 (36) 37 i+1,x,% % B3
(37) g x+%7f7z (38) n(2727;) X,X,Z (39) 47 07%7Z; 0a%7% (40) 4+ ;70Z 29 0 4
(41) 4_"7 x>07%; i707% (42) a x7y+27)_] (43) ’}(%7%7%) -x7y>y (44) 4+ ,%,0' j—”%,o
(45) 47 0,y,3; 0,3,3 (46) b X+3.y.x (47) 4 35,05 3,3,0 (48) n(3,3.3) xy,x
Generators selected (1); #(1,0,0); ¢(0,1,0); 7(0,0,1); (2); (3); (5); (13); (25)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry h,k,l permutable
General:
48 i 1 (Dxyz (2) x,y,2 (3) %,z ) x,3,Z Okl : k+1=2n
(5) z,x,y (6) z,%,y (7 z,%,y d) Z,x,y hhl : 1 =2n
) y.z,x (10) y,z,x (11) y,z,x (12) y,z,x h00: h=2n
(13) y,x,z (14) y,x,z (15) y, x,z (16) y,x,z
A7) x,z,y (18) x,z,y (19) x,z,y (20) x,Z,y
(21) z,y,x (22) z,y,x (23) Z,y, 24 z,y,x
(25) ¥+ 3,9+ 3,24+5 260)x+3,y+3.2+: @Dx+5I+5,2+: ) X+5,y+5,2+3
(29) z+3,%+5,5+3 (B0)Z+3,x+3,y+; GDztax+3,9+3 B2)z+3,%+35,y+3
(33) y+3,2+5,5+; GHy+3,7+5,x+; BS)y+35z+5,x+; (36) y+i3,2+ 5,5+
BN y+5,%+5z+: G y+x+5,2+: GDI+5x+5,2+5 @0)y+3,8+35,2+;
@D x+352+5y+: @) x+3,2+3,5+; @) x+5z+5y+3 @D I+3,2+5,5+;
45 zZ+3,5+5x+3 46) Z+5,y+3,8+;5 @D z+3,5+5,58+5 @) z+3,y+3,x+;
Special: as above, plus
24 h ..2 0,y,y 0,7,y 0,y,y 0,y,y hkl : h+k+1=2n
»,0,y 0,y ¥,0,y ¥,0,y
»y,0 ¥,%,0 »,5,0 ¥, 5,0
V5V +r ny+ny+:s o ¥tny+t: o Lyt Ly+s
y+559+:  Vtnnyt:s  y+Enn¥+:r 0 ytannyts
y+5y+15: y+tny+in: Yyt ytnytas
24 g 2. x,0,3 x%,0,3 1,%,0 1,%,0 0,,x 0,5,% hkl © h+k+1=2n
Oaxvé vaa% X,%,O ia%ao %707)? %,O,X
¥+3,50  x+3,50  0%F+3,:  Ox+i,; 1,08 +3  5,0,x+3
%,f+%,0 %ax+%30 f+%,0,% x+%’0’% O’%7x+% O,%,f+%
16 f .3. X,X,X X, X,x X,x,X X, %, X hkl © h+k+1=2n
X, X, X X, X, X X, X, X X, X, X
I N I i Eu
¥+ 3,8+ 3,0+ 3 X+ 3,X+3,X+ 3 ¥+ 3,0+ 3,5+ 3 X+ 3,%+ 5,543
12 e 4.. x,0,0 x,0,0 0,x,0 0,x,0 0,0,x 0,0,x hkl ©: h+k+1=2n
¥+3,51  xtnn: nEtn: nXtn: nnits 55X+
12 d 4. 1503 70,3 550 530 0,55 0,53 hkl = h+k+1=2n
0.:,; 0,5, 5310 530 30,3 5,0,;
8 ¢ .3. B35 Dhi HId @i i Hhhd D i dad3 hkl = h.k,l=2n
6 b 42.2 0,1, 1,0, 3 1,3,0 1,0,0 0,:,0 0,0, hkl © h+k+1=2n
2 a 432 0,0,0 1,51 hkl © h+k+1=2n
(Continued on page 675)
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CONTINUED
(from pages 677 and 679)

ORIGIN CHOICE 1

Symmetry of special projections

Along [001] p4mm Along [111] p6mm
a =1i(a—b) b =1i(a+b) a=1%12a—-b-c¢)
Origin at 0,0,z Origin at x,x,x

ORIGIN CHOICE 2

Symmetry of special projections

Along [001] p4mm Along [111] p6mm
a=ji(a—bh) b =i(a+Db) a=3i2a—b—c)
Origin at 1,1,z Origin at x, x,x

ORIGIN CHOICES 1 AND 2

Maximal non-isomorphic subgroups

I [21P43n(218) 1;2:3;4;,5,6,7
[2]1 P432(207) 1;2;3,4;,5,6;,7
[21Pn31(Pn3,201) 1;2;3;,4;,5,6;,7
[31P4/n12/n(P4/nnc,126) 1; 2; 3; 4;

{[3]P4/n12/n(P4/nnc, 126) 1;2; 3; 4;
[31P4/n12/n(P4/nnc,126) 1; 2; 3; 4;
[4]Pl§2/n(R§C, 167) 1; 5
[4]P132/n(R§C, 167) 1; 6;
[41P132/n (R3¢, 167) 1; 7
[41P132/n(R3c, 167) 1; 8

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc [27]Pn3n(a =3a,b =3b,c¢ =3c)(222)

Minimal non-isomorphic supergroups
I none
II  [21/m3m(229); [4] F m3c (226)

(—a+2b—c¢)

(—a+2b—c¢)

wl

No. 222

Along [110] p2mm
a’ =1i(—a+b) b =lc
Origin at x,x,0

Along [110] p2mm
a =i(—a+b) b = jc
Origin at x,x,0

9; 10; 11; 12; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47; 48
;9,105 11; 12; 13; 145 15; 16; 17; 18; 19; 20; 21; 22; 23; 24
8:;9; 10; 11; 12; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36
4; 13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40
3 4, 17; 18; 19; 20; 25; 26; 27; 28; 41; 42; 43; 44
4; 21, 22; 23; 24, 25; 26; 27, 28; 45; 46; 47; 48
;0 9; 14; 19; 24; 25; 29; 33; 38; 43; 48
12; 13; 18; 24; 25; 30; 36; 37; 42; 48
; 10; 13; 19; 22; 25; 31; 34; 37; 43; 46
; 115 14, 18; 22; 25; 32; 35; 38; 42; 46



Cubic

Pn3n

Patterson symmetry Pm3m

No. 222

ORIGIN CHOICE 2

Origin at centre (3), at 1,4, from 432

Asymmetric unit

Vertices
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CONTINUED
Symmetry operations

(D1

(5) 3"

9) 3
(13) 2
(17) 4
(21) 4*
25 1
(29) 3*
(33) 3-
(37 ¢
41) 4
(45) 4*

X, X, X
X,X,X
1
X, X, 3
11
X,353
1 1
S Pt
0,0,0
x,x,x; 0,0,0
x,x,x; 0,0,0
X, X,Z
1 1.
X, =375 Uy g
1 1. 1
353 7Za0

)

Generators selected

(1);
Positions
Multiplicity,

Wyckoff letter,
Site symmetry

48 i 1 D) x,v,z
(5) z,x,y
) y,z,x
(13) y,x,Z7+ 13
(A7) x,z,7+1
(1) z,y, 5+
(25) x,9,Z
(29) z,x,y

(33)y,z,%

24

24

B BIW Bl— =

ORI VTR

N St

16

= o=
= =
==
+

8=

==
==
= =l
+
=

12

=

=
PSRN,
P

12

s O
O v
ST

3.

=
=
=)

b 42.2

ST
Bl—
Bl—

432

Bl—
Bl—
Bl—

a

(Continued on page 675)

No. 222

(2) 2 iz ()2 i ) 2 x5,1
(6) 3" x,x+3,% (7) 3" x+1,%,% (8) 37 X+1,x+3,x
(10) 3~ x+1,%,% (11) 37 F+1 5+1x (12) 3~ Fx+1.%
(14) 2 x,%+3,3 (15) 4" 3,52 (16) 4% 3,3.2
(18) 2 3.yy (19) 2 3.y+35.9 (20) 4" x,3,3
(22) 2 x,3,x (23) 4 3y.3 (24) 2 J+3,5.x
(26) n(3,3,0) xy,0 (27) n(3,0,3) x,0,z (28) n(0,5,3) 0>y,
(30) 3" x—1,x+3,%; —1,0,1 (31) 37 x—1,x+1,% 0,1,—1 (32) 3* x+i,5—1,x 1,—12,0
(34) 3- x+laf71a-ﬁ 077%& (35) 3" f*%,f*’%,)&', 7%7%70 (36) 3 .X'+1 X— 27_; ;70 ;
(38) n(%7%7%) X,X,Z (39) 47 _417%>Z; _%7%70 (40) 4+ jta iaz’ 1 Z 0
(42) a xyya.)_) (43) n(%7%7%) X0,y (44) 4+ 73773; 0741771
(46) b XY, X (47) 4- %:%*h 417()’7% (48) I’l(% % %) XY, X
1(1,0,0); £(0,1,0); £(0,0,1); (2); (3); (5): (13): (25)

Coordinates Reflection conditions

) x+3,5+1,2
6) z,x+3,7+1
(10) 3+ 3,2, + 3
(14) y+ 5,5+ 3,2+
(18) X+ 3,2,y
(22) 7,7+ 1,x
(26) x+3,y+ 1,2
30) Z,x+ %, y+3
B4 y+3,Z,x+3
(B8 y+ix+i,z+1
(42) x+1,Z,9
(46) 7,y +1,%

1 = 1 = 1
17)""5’)’ 17)77)""5
1 o 1 = 1 1
»ny+3 y+s3,3,)
= 1 1 o 1 1
Y+3.91 »y+i,3
3 1 5 3 = 1
5y +3y LYY+
5 3 1 1 3 5
y7Zay+§ y+§a27y
1 = 3 = 1 3
y+§7ya2 yay+§72

= 1 3 1 1 3
x+§aZ>Z X3
3 = 1 1 1 3
»HX+3,3 X, 3,3

1 1 3 3 =1
X+13,3,7 X3
1 1 3 =3 1
»HX+t13,3 X4

= 1 = 1

x+5,x+5,x

= 1 = 1 = 1

X+ 3,X+ 5,8+

1 1 =
x+§,x+§,x
1 1 1

X+3,X+3,X+3
= 1 1 1 1 1
X+ 3,457 %53

1 3 3 3 =3
x+§aZ>Z X3
1 3 1 1 3 1 1
25394 Z?O?Z 152
311 0.1.3 11
49294 v49 4 294
1 1 1 1 1
Eaiao anai Oai
131 113 L3
49494 49494 49 4
3 33
4949 4

3)x+1,y,7++

(N Z+35,5+3,y
(1) y,z4+ 3,5+
(15) y,x+ 4,z

(19) x+4,7+3,7+14
(23) Z+ 3,y,x

Q7 x+13,9,2+ 3
Gl z+i,x+5y
(35) y,z+ 5,x+3
39) y,x+ 1,2

43) x+3,z+3,y+1
47) z+3,5,%

1 = 1 = 1
»Hy+35y+s
= 1 1 5 1
y+s3,5,Y+3
o 1 = 1 1
y+s3,¥+3,3
3 1 1
HY+tny+a
1 3 1
y+i3,5,y+3
1 1 3
Y+3,y+3.3
1 = 1 3 31
X+ 3,3 DX
= 1 1 3 1 3 =
X+3,11 X+
3 1 1 1 3 =
PR P 115X
1 3 1 3 1
X+3,53 X+
o _
X+ 35,X,X+ 3 X,X
_ _
X, X+ 3,X X+
1 = 1 =
X+ 35,X,Xx+ 3 X,x
_ U
X, X+ 5,X x4+
1 = 1 1 1 1
»Xt3,3 13X
3 13 3 3 =
DXt 1K
3 3 1 3 1
y a4 ZaZ?O YRR
3 131 L3
’ 4 49492 49 4>
1 1 1 1
92 anai 2929
3 3 1 3 3 3
5 4 PR 154

679

SIE

oo

S

+

=y RI— = I

[SIE

1= [« SIES

sl

4 x,y+3,2+3
®) Z+Lx,y+1
(12) 7+ 1,24+ 1,x
(16) y+1,x,z
(20) x,z+ 1,y
4) 2+ 3,5+ 3,%+3
(28) %,y + 1,2+ 14
(32) z+ Lz y+1
(36) y+1i,z+1,x
(40) y+1,%,7
44) x,z+ 1.5
(48) z+ 3,y +3,x+3

+

Siw 1w mim
= xR =l
+
ol

I I N N A ]

Sim
=i

+

R Rk
+

[SIE

=i

(SR
+ o+

FNTRIFN

ENTREFNT

h,k,l permutable
General:

Okl : k+1=2n

hhl : 1=2n
h00: h=2n

Special: as above, plus

Wkl : h+k+1="2n
Wkl : h+k+1="2n
Wkl : h+k+1=2n
Wkl : h+k+1="2n
Wkl : h+k+1="2n
Wkl : ikl =2n

Wkl : h+k+1="2n
Wkl : h+k+1="2n



CONTINUED
(from pages 677 and 679)

ORIGIN CHOICE 1

Symmetry of special projections

Along [001] p4mm Along [111] p6mm
a =1i(a—b) b =1i(a+b) a=1%12a—-b-c¢)
Origin at 0,0,z Origin at x,x,x

ORIGIN CHOICE 2

Symmetry of special projections

Along [001] p4mm Along [111] p6mm
a=ji(a—bh) b =i(a+Db) a=3i2a—b—c)
Origin at 1,1,z Origin at x, x,x

ORIGIN CHOICES 1 AND 2

Maximal non-isomorphic subgroups

I [21P43n(218) 1;2:3;4;,5,6,7
[2]1 P432(207) 1;2;3,4;,5,6;,7
[21Pn31(Pn3,201) 1;2;3;,4;,5,6;,7
[31P4/n12/n(P4/nnc,126) 1; 2; 3; 4;

{[3]P4/n12/n(P4/nnc, 126) 1;2; 3; 4;
[31P4/n12/n(P4/nnc,126) 1; 2; 3; 4;
[4]Pl§2/n(R§C, 167) 1; 5
[4]P132/n(R§C, 167) 1; 6;
[41P132/n (R3¢, 167) 1; 7
[41P132/n(R3c, 167) 1; 8

IIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc [27]Pn3n(a =3a,b =3b,c¢ =3c)(222)

Minimal non-isomorphic supergroups
I none
II  [21/m3m(229); [4] F m3c (226)

(—a+2b—c¢)

(—a+2b—c¢)

wl

No. 222

Along [110] p2mm
a’ =1i(—a+b) b =lc
Origin at x,x,0

Along [110] p2mm
a =i(—a+b) b = jc
Origin at x,x,0

9; 10; 11; 12; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47; 48
;9,105 11; 12; 13; 145 15; 16; 17; 18; 19; 20; 21; 22; 23; 24
8:;9; 10; 11; 12; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36
4; 13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40
3 4, 17; 18; 19; 20; 25; 26; 27; 28; 41; 42; 43; 44
4; 21, 22; 23; 24, 25; 26; 27, 28; 45; 46; 47; 48
;0 9; 14; 19; 24; 25; 29; 33; 38; 43; 48
12; 13; 18; 24; 25; 30; 36; 37; 42; 48
; 10; 13; 19; 22; 25; 31; 34; 37; 43; 46
; 115 14, 18; 22; 25; 32; 35; 38; 42; 46



International Tables for Crystallography (2006). Vol. A, Space group 223, pp. 680—-682.

Pm3n O,

No. 223 P 4,/m 32/n

Cubic

Patterson symmetry Pm3m

Origin at centre (m3)

Asymmetric unit

X
Vertices ,0,0 1,0,

Symmetry operations
(given on page 682)

Copyright © 2006 International Union of Crystallography
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http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o223/

CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

48 1
24k
24 j
16 i
12 h
12 g
12 f
8 e
6 d
6 ¢
6 b
2 a

1 ) x,y,z
(5) z,x,y
) y,z,x
(A3) y+3,x+13,
A7) x+31,z+ 1,

mm?2..

mm?2..

mm?2..

No. 223 Pm3n

(1); ¢(1,0,0); ¢(0,1,0); £(0,0,1); (2); (3); (5); (13); (25)

<A
+ + +

Coordinates

(10) y,z,x
(14) y+1,x+ 5,72+
(18) X+ 3,2+ 3,y + 3
22)z+ 3,5+ 3,x+1
(26) x,y,z
(30) Z,x,y
(34) y,7,x
(B8 y+1i,x+15iz+1
42) x+4,7+55+4
(46) Z+ 3,y + 35,5+

(15) y+3,%+3,2+3
(19) X+ 35,2+3,5+3
23)Z+ 5,y +3,x+3
27) x,9,z
(31) z,x,y
(35) y,z,x
(39 y+3,x+3,2+3
43) x+35,2+3,y+3
@7) z+ 3,5 +3,%+3

0,9,z 0,y,2
Z,O,y Z707y
¥,2,0 »2,0
1 T N 11 1
3 y+3,5,2+3 y+i3,3,2+;
1 1 1 1 12 1 =1
3 52+ 5,y +s 12+ 5,V+3
1 I 5 11 51 11
3 2+ 5Vt 33 Z+ 5y +5;
3y 1 3 vl gy 1
Y,y +3 LYY +a DYyt
13 5 =13 = 11 =
y+575ay y+5aZ7y y+57Zay
= 13 =13 s s 11
)’7)’4'5’1 Y>Y+5>Z y7y+573
1 = 1 [ 1 3 1
Zayay+5 Zay7y+5 Zay7y+5
= 1 115 13
y+571ay y+§a17y y+5717y
=11 = 11 13
»y+ia. Yy+ia. »y+a,3
X,X,X
X,X,X
X+ F+5,84+5,54+3
I SN
X,X,X
X,X,X
1
-x+§ x—l—%,x—l—%,x—i—%
= 1 L= | 1 = 1
X+ X+ 35, X+ 5,8+ 3
=1 1 =1
xaivo Oaxvi Oaxvi
1 = 11 =11
5,0,X 0,X+5,5 O,X+§,5
=11 1 = 1 1 1
X+13,5,0 7,0,%+ 3 5,0,x43
= 1 1 1=
-xaoai E?-xao Eaxao
1 = 1 1 Io= 1
0757-x 5,x+5,0 Eax+5,0
=1 1 1= 1 1 1
X+§,0,5 0,5,X+5 07§’x+5
%,0,0 0,x,0 0,%,0
= 1 11 o= 11
0,0,X §7x+575 57x+5’5
= 11 L1 o= 1 11 1
X+13,2,2 33X+ 3 35X T3
33 1 3013 133
RN 194574 19494
113 13 1 3011
R 1945 7% 19494
301 11 301 1 1
Zaiao OaZaz O?Z?E E?O?Z
3 1 11 13 11
Z?O?E EaZ?O EaZaO OaE7Z
1 1 11 1 1
57075 57570 07570 57070
L 11
27292

681

Reflection conditions

h,k,l permutable
General:
4) x,9,2 hhl : 1=2n
®) z,x,y h00: h=2n
(12) y,z,x

(16) y+ 5, x+3,z+1
(20) x+ 45,2+ 3, y+4
24) z+ 3,5+ 35,5+
(28) x,y,z
(32) z,x,y
(36) y,z,x
(40) y+ 4 x+1,7+14
44) x+4iz+3,75+4
(48) z+3,y+3,x+3

Special: as above, plus

0,9,z no extra conditions
2’07)_)
.)77270
V435,243
nZt+5ny+s
I+ 5,V + 53
hkl : h=2n
hkl : h+k+1=2n
hkl : h=2n
hkl : h=2n
hkl : h+k+1=2n
hkl : h,k,l =2n
3,0, hkl : h+k+1=2n
or h=2n-+1, k=4nand
0,1,2 [=4n+2
0,0,3 hkl : h+k+1=2n
hkl : h+k+1=2n



Pm3n No. 223 CONTINUED

Symmetry of special projections

Along [001] p4mm Along [111] p6mm Along [110] p2mm
a=a b =b a=1i2a—-b-—c¢) b =i(—a+2b—c¢) a’ =1i(—a+b) b =1ic
Origin at 0,4,z Origin at x,x,x Origin at x,x,0

Maximal non-isomorphic subgroups

| [21 P431(218) 02;3:4;5;6;7;8;9; 10; 11; 12; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47; 48
[2]1 P4,32(208) 12:3;4;5,6;7;,8;9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24
[21Pm31(Pm3,200) :2:3;4;5,6;7;8;9; 10; 11; 12; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36
[3]P42/m12/n (P42/mmc, 131) 3 2; 35 45 13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40

{[3]P42/m12/n (P4,/mmce, 131) 0 2: 3; 4; 17; 18; 19; 20; 25; 26; 27; 28; 41; 42; 43; 44
[3]P42/m12/n (P42/mmc, 131) 3 25 35 4 215 22; 23; 24; 25; 26; 27; 28; 45; 46; 47, 48

[4]1 P132/n (R3¢, 167)
[41 P132/n (R3¢, 167)
[4]1P132/n (R3¢, 167)
[4]1P132/n (R3¢, 167)
ITIa none
IIb [4]7a3d(a’ =2a,b =2b,c = 2c) (230)

9; 14; 19; 24; 25; 29; 33; 38; 43; 48

;125 13; 18; 24, 25; 30; 36; 37; 42; 48
; 10; 13; 19; 22; 25; 31; 34; 37; 43; 46
; 115 14 18; 22; 25; 32; 35; 38; 42; 46

— e e e e e e e e

Maximal isomorphic subgroups of lowest index
IIc [27]Pm3n(a =3a,b' =3b,¢ = 3c)(223)

Minimal non-isomorphic supergroups
I none
II [211m3m (229); [4] Fm3 ¢ (226)

Symmetry operations

(H 1 2) 2 0,0,z 3) 2 0,y0 @ 2 x,0,0

5) 3" x,x,x (6) 3" x,x,% (7 3" x,x,x ®) 3" x,x,x

9 3 x,x,x (10) 37 x,x,x (11) 3~ x,x,x (12) 37 x,x,x

(13) 2(3,3,0) x,x,5 (14) 2 x,%+3,35 (15) 4°(0,0,5) 5,0,z (16) 47(0,0,5) 0,3,z
(17) 47(5,0,0) x,3,0 (18) 2(0,5,5) 1,5,y (19) 2 3,y+3,9 (20) 47(5,0,0) x,0,5
(21) 47(0,3,0) 5, (22) 2(3,0,3) x,3,x (23) 4°(0,5,0) 0,y,3 (24) 2 X+3,5,x
25 1 0,0,0 (26) m x,y,0 27) m x,0,z 28) m 0,y,z

(29) 3* x,x,x; 0,0,0 (30) 3* x,x,%; 0,0,0 31) 3" x,x,% 0,0,0 (32) 3+ x,%,x; 0,0,0
(33) 3~ x,x,x; 0,0,0 (34) 3~ x,%,% 0,0,0 (35) 3~ x,%,x; 0,0,0 36) 3~ %,x,%; 0,0,0
(37) C x—"_%?‘f’Z (38) n(%’%?%) ‘x7x7Z (39) 4_-7 0?%?Z; 0?%7}_1 (40) Z"+ %707Z; %?0?%
(41) 4 x,0,3; 1,0,3 (42) a x,y+3,y (43) n(3,3,5) %,y (44) 4" x,5,0; 3,3,0
(45) 4 0,,55 0,3,5 (46) b x+3,y,x 47 4 3,590, 5,3,0 48) n(3,5,3) xyx

682



International Tables for Crystallography (2006). Vol. A, Space group 224, pp. 683—-687.

Patterson symmetry Pm3m

Cubic

mgm

No. 224

ORIGIN CHOICE 1

Origin at 43m, at —!

! from centre (3m)

11
49 4

1
49

—le

Asymmetric unit

—la

Vertices

Symmetry operations
(given on page 683)
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http://it.iucr.org/Ab/ch7o1v0001/sgtable7o1o224/

CONTINUED

Generators selected

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry
48 I 1 (Mxyz (2) x,3,z
(5) z,x,y (6) z,%,y
9 y,z,x (10) y,z,x
A y+5x+5,2+: (D) I+3,8+35,2+;
A7) x+3,z2+5,5+7 (A8) X+3,z2+35,y+;
QD z+35,y+5,8+35 (22) z+3,5+35,x+3
(25) X +3,9+3,2+3 (26)x+35,y+3,7+3
(29) z+3,%+5,5+5 (B0) Z+3,x+3,y+3
(B33) y+35,2+55+35 BHy+i3,2+5,x+;
(37) y,%,z (38) y,x,z
41) x,z,y 42) x,z,y
(45) z,3,x (46) Z,y,x
24k .m X,X,2 X,X,2
Z,X, X Z,X,X
X,2,X X,2,%
I s
xthat it Ftbatbatd
R e
24 j .2 LYYt 3 LYY+H: LIt
Y+5iLy  VEnny  yyt+ii
Yty Ly+tny LI+ 5Y
»oy+: o »ny+: o Y+
24 i .2 N o S P U o S 0 o
y+niLy  Ytnnd o »Yti5i
Yty Ly+tny LY+ 5Y
ViVt Vnyts o YHini
24 h 2. x,0,1 x,0,1 1,x,0
5x+30  5%¥+30  x+3,0,3
¥+3,50  x+3,350  0,X+3,3
07‘f7% 0’x7% f?%’O
12 g 2.mm x,0,0 x,0,0 0,x,0
35X+ 3,3 X411 X+i5,s
12 f 2.22 10,3 1,0,3 31,0 31,0
550 550 04,5 0,43
8 e 3m X, X, X X, X,x
X+3,X+ 35,5+ 3 X+3,5+35,5+;5
6 d 42.m 0,3,5 5,0,3 55,0 0,50
4 ¢ 3m DiIi Hi Emd ad
4 b 3m 1858 Drrd BErd drars
2 a 43m 0,0,0 1.3,

Symmetry of special projections
Along [001] p4dmm

a =1i(a—bh) b =i(a+Db)
Origin at 0,0,z
(Continued on page 683)

(15) y+ 3, x+ 5,2+ 1
19) x+ 3,724+ 5,5+ 1
23) z+ 3, y+5,x+3
QD x+4y+4,z2+1
B z+3,x+3,7+1

Along [111] p6mm

a=3;2a—b—c¢)

Origin at x,x,x

No. 224

(1); ¢(1,0,0); ¢(0,1,0); £(0,0,1); (2); (3); (5); (13); (25)

Reflection conditions

h,k,l permutable
General:
@) x5,z Okl : k+1=2n
®) z,x,y h00: h=2n
(12) y,z,x

(16) y+ %, x+3,z+1
20) x+4%,Z+4,y+1
24) 2+ 3,5+ 3,5+ 1
(28) x+ 4, y+3,z+4
B32) z+i,x+L1y+1!

BS) y+i1.z+5x+5 (B36) y+i3,2+5,8+;
(39) y,x,Z (40) y,%,Z
(43) x,z,y (44) X,z,y
(47) z,y,% (48) z,y,x
Special: as above, plus
X,x,Z X, %,z no extra conditions
Z,X,X Z,X,X
X,2,X X,7,x
xhLEHLIHE B b bt
i R e L a
THbathatl ZHLELE4]
.)77y+%7% y’)_]Jr%?% }77}7+%7%
LY+LYy Yyt Bdy+s
y+5%:  Ftuyi oyt
»¥y+:  V+i1,5y  Y+35,3, 9 noextraconditions
yy+i: »y+ini Syt
Ly+tny  vnyt:r o ynyti
y+iy,i  Itnii o ytah
1,%,0 0,3,x 0,3,% hkl : h+k+1=2n
¥+505  0,5%+35  0,5x0+5
Ox+335  30x+: 3,0x+;
‘x’%70 %,O,X %70?f
0,x,0 0,0,x 0,0,x hkl : h+k+1=2n
f+5535 55nXt3 5,5x+3
0,3,1 0,1,2 hkl : h+k+1=2n
%’Oa% %,07%
X, x,X X, X, X no extra conditions
X+ 3,84 5,x0+3 X+ 3,0+ 3,5+ 3
1,0,0 0,0, 3 hkl © h+k+1=2n
hkl : h+kh+1,k+1=2n
hkl : h+kh+1,k+1="2n
hkl : h+k+1=2n
Along [110] p2mm
b =i(—a+2b—c¢) a’ =;(—a-+b) b =c
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CONTINUED No. 224

(from pages 685 and 687)

ORIGIN CHOICES 1 AND 2

Maximal non-isomorphic subgroups

; 10; 115 12; 37; 38; 39; 40; 41; 42; 43; 44, 45; 46; 47; 48

;105 115 12; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36

I [21P43m (215) 1;2;3:4;5,6; 7,89
[2]1P4,32(208) 1;2;3;4;5;6;7; 8;,9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24
[21Pn31(Pn3,201) 1;2:3:4:5,6;7;, 8,9
[3] P42/n12/m(P42/nnm, 134) 1; 2; 3; 4; 13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40
{[3] P42/n12/m(P42/nnm, 134) 1; 2; 3; 4; 17; 18; 19; 20; 25; 26; 27; 28; 41; 42; 43; 44
[31P4,/n12/m(P4,/nnm, 134)  1; 2; 3; 4; 21; 22; 23; 24; 25; 26; 27; 28; 45; 46; 47; 48
[4]P132/m (R3m, 166) 1; 5:9; 14; 19; 24; 25; 29; 33; 38; 43; 48
[4]P132/m (R3m, 166) 1; 6; 12; 13; 18; 24; 25; 30; 36; 37; 42; 48
[4]P1§2/m(R§m, 166) 1; 7; 10; 13; 19; 22; 25; 31; 34; 37; 43; 46
[4]P1§2/m(R§m, 166) 1; 8; 11; 14; 18; 22; 25; 32; 35; 38; 42; 46

IIa none

IIb [2]Fd3c(a =2a,b =2b,c¢ =2c)(228);[2] Fd3m(a =2a,b =2b,c¢ = 2c¢) (227)

Maximal isomorphic subgroups of lowest index
IIc  [27]1Pn3m(a’ =3a,b =3b,c =3c) (224)

Minimal non-isomorphic supergroups
I none
II [21Im3m (229); [4] F m3m (225)

ORIGIN CHOICE 1

Symmetry operations

(H 1 2) 2 0,0,z 3) 2 0,0

®) 37 x,x,x (6) 37 x,x,x 7 3" x,x,x

9 3 x,x,x (10) 3~ x,x,x (11) 3~ x,x,x

(13) 2(5,5,0) x,x,3 (14) 2 x,%+3,3 (15) 47(0,0,5) 3,0,z
(17) 4°(5,0,0) x,5,0 (18) 2(0,5,5) 1.y (19) 2 3y+35.7

1) 47(0,5,0) 3.5,0 (22) 2(3,0,3) x,5,x (23) 47(0,5,0) O,y,%
(25) 1 141 (26) n(3,3,0) xy,; (27) n(3,0,3) x1.2
(29) 3+ X, X, X5 %a%7% (30) 3+ )E—],x—l—l,)?, _%7%73 (31) 3+ -xa-f+1 )C, zlwzsw_%
(33) 37 x,x,x; 111 (34) 37 x+1,x—1,% 1,—13 (35) 37 x,x+1,x; —131
37 m x,x,z 38) m x,x,z (39) 4- 0,0,z; 0,0,0
(41) 4° x,0,0; 0,0,0 42) m x,y,y 43) m x,yy

45) 4+ 0,y,0; 0,0,0 46) m x,y,x 47) 4 0,,0; 0,0,0

ORIGIN CHOICE 2

Symmetry operations

() 1 @2 iz 3)2 iy

(5) 37 x,x,x (6) 3" X,x+3,%x (7) 3% x+31,%,x

9) 37 x,x,x (10) 37 x+13,%,% (11) 37 x+35,%+3,x

(13) 2(%3%3 ) )C,)CO (14) 2 )C,)Z,O (15) 47(0707%) %77%71
(17) 4 (% O ) -xa47_Z (18) 2'(0’%7%) an,y (19) 2 an’)_/

(21) 4+(0 29 ) 47ya Z (22) 2(%70721) )C,O,)C (23) 47(07%70) 7%7)’7%

25 1 0,00 (26) n(3,7,0) x.y,0 (27) n(3,0,3) x,0,2

(29) 3* x,x,x; 0,0,0 (30) 3 x—1,x+1,x% —1,0,% (31) 3* x—1 x+1,%;, 0,4, —1
(33) 37 X, X, X3 07030 (34) 37 x+%7f717-ﬁ 077217% (35) 37 x7217i+27 ;72170
(B7) m x+3,%z (38) m x,xz (39 4 15z L

(41) 4 x40 4,001 (42) m x,y+3.y (43) m xy,y

(45) 4" 133 5,505 (46) m X+iy,x (47) 4 10,55 5hios

683

4 2 x,0,0
8) 3" x,x%,x
(12) 37 x,x,x
(16) 47(0,0,5) 0,5,2
(20) 4*(%,0,0) x,0,3

(24) 2 Xt3,5,x
(28) ’}( a2a2) 4ayaZ
(32) 3" x+1,%,x; 3,— 1,3
(36) 37 )E+l,x,i; %7%772
(40) 4+ 0,0,z; 0,0,0
(44) 4+ x,0,0; 0,0,0

48) m x,y,x

@ 2 xi.1

(8) 3" xt3,5+3,x
(12) 37 %,x+3,%
(16) 4+(O70721) 7417
(20) 4+(3,0,0) x,—
24) 2 x0,x

(28) n(0,5,3) 0,32
(32) 3* x+%7X7%7X; %77%70
(36) 37 X+1 X— 07_; %70772l
(40) 4° 1,52 1
@4) & xik L
(48) m x,y,x
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Pn3m O, m3m Cubic
No. 224 P 42 / n 3 2 / m Patterson symmetry Pm3m

ORIGIN CHOICE 2

Origin at centre (3m), at 5,4, % from43m

Asymmetricunit  ;<x<3 (<y<i 0<z<}y y<x max(x—3,5—y) <z<min(y1—x)
1 3 1
4 4 2

. 1 1 3 1 1
Vertices Iyivi Grdrd

Symmetry operations
(given on page 683)
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CONTINUED

Generators selected

No. 224

(1); ¢(1,0,0); £(0,1,0); £(0,0,1); (2); (3); (5); (13); (25)

Pn33m

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry h,k,l permutable
General:
48 I 1 (1) x,y,z (2) x+3,75+1,2 3) x+31,y,7+1 4) x,y+47+% Okl : k+1=2n
) z,x,y (6) 2, %+ 3,5+ (D) Z+ 35,5+ 3,y ®) z+3,x,5+5 Hh00: h=2n
) y,z,x (10) 3+ 3,2,%+ 3 (A1) y, 2+ 35,5+ 3 (12) ¥+ 3,2+ 5,x
(13) y+3,x+3,2 (14) y,x,z (15) y+3,%,z+ 3 (16) y,x+ 35,2+ 3
A7) x+3,2+3,5 (18) ¥,z+ 3,y + 3 (19) x,z,y (20) x+ 3,2,y +3
QD z+35,y+3,% (22) z+ 3,9, x+ 3 (23) Z,y+3,x+3 24) z,5,x
(25) %,3,2 (26) x+3,9y+3,2 @Dx+3,0z+: @8 Fy+i3,2+;
(29) z7,%,y (30) Z,x+ 3,5+ 3 G z+35,x+3,7 (32) z+3,%,y+3
(33) y,z,x (B4 y+3,2,x+3 (35) y,z+3,x+3 (36) y+ 3,2+ 5,%
BN y+3.5+35z2 B yxz B y+i,xz2+5  (40) y,x+3,7+;
41) X+ 5,7+ 3, (42) x,Z2+ 3,9+ 3 (43) x,z,y (44) X+ 3,2,9+ 3
(45) Z+ 35,5+ 3,x (46) Z+ 3,5, %+ 3 (47) 2,5+ 3,5+ 3 (48) z,y,x
Special: as above, plus
24k .m X,X,Z X+3,X+1,2 X+3.x7+3 X, X+37+3 no extra conditions
Z’x7'x Z7'f+%7x+% Z+%’i+%7‘x Z+%7x7f+%
x7Z7‘x X+%’Z’.f+% x7z_+%7‘f+% f+%7z+%7'x
x+%’x+%7z X’X7Z x+%7'f’z+% 'f7x+%7z+%
x+%7z+%7‘f X7Z+%7‘x+% X’Z7‘f x+%72’x+%
Z+%7‘x+%7‘f Z—"_%?‘f?‘x—’—% Z"x—"_%?‘x—’—% Z"f?‘f
24 .2 ty,y 0,7+1,7 0,y,y+1 17+ y+3 no extra conditions
e, 30,9+ 3 y+3,0,y y+1,5,9+3
9,1 y+1,9,0 »y+a, J+5,y+13,3
39,y 0,y+3,y 0,9,5+3 LY+, I+3
¥, 3,9 ¥,0,y+3 y+13,0,y y+5,5,y+3
A y+1,%0 ¥, 5+3,0 yt+59+1,3
24 i .2 Lyy+i 0,y+4i,y+1 0,y,y 1y+45y no extra conditions
Y+i3,3,Y y+13,0,5+3 7,0,y V5,9t
VY +i,3 y+3,y+3,0 »¥,0 Y+3,9:3
59,9+ 3 0,y+3,5+3 0,3,y 5yt 3,y
y+1,5,9 y+3,0,y+3 »,0,9 Y5 Yts
V¥t 1,1 yt+5,9+1, A Y+ 503
24 h 2.. xvzl_u% X+%az]_u% %,X,% %7i+%7% %,%,X %,%,f+% hkl : h+k+1=2n
%7‘x+%7% %7‘f7% ‘x+%’ll_l7% X’%?% %’%?X %’%?‘x—’—%
SRR brtdio LLE o bt
LEthD bal F+hhi o nhd Lhax L+
12 ¢ 2.mm X357 ¥+3,1,1 1%, 3 »x+3,7 11X X +3 hkl @ h+k+1=2n
X+ 3,7 1%, 3 x+3,1,% E % X+
12 f 2.22 5,01 0,77 N 10,1 I3 71,0 hkl © h+k+1=2n
1 3 1 3 1 1 1 3 1 3 31 1 3 1
29491 OaZaZ 19291 Z707Z 19492 ZaZaO
8 e .3m X,X,X X+i1,x+15.x X+3,x,%X+3 X, X+ 3,x+1 no extra conditions
x+%ax+%7f f,f,f x+%7ivx+% X7x+%’x+%
6 d Z"zm %7%3% %7%3% %a%?% %7%7% %7%7% %7%’% hkl : h+k+1=2n
4 ¢ 3m Ll 00,f 0,50 1,00 Wkl : h+kh+1,k+1="2n
4 b 3m 0,00 Li0 Lol 0141 Wkl : h+kh+1,k+1="2n
2 a 43m 111 3303 Wkl : h+k+1=2n
Symmetry of special projections
Along [001] p4mm Along [L11] p6mm Along [110] p2mm
a=1(a—bh) b =1i(a+b) a=12a—-b-c) b =i(-a+2b—c) a =1i(—a+b) b =c
Origin at 1,47 Origin at x, x,x Origin at x,x,0
(Continued on page 683)
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CONTINUED No. 224

(from pages 685 and 687)

ORIGIN CHOICES 1 AND 2

Maximal non-isomorphic subgroups

; 10; 115 12; 37; 38; 39; 40; 41; 42; 43; 44, 45; 46; 47; 48

;105 115 12; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36

I [21P43m (215) 1;2;3:4;5,6; 7,89
[2]1P4,32(208) 1;2;3;4;5;6;7; 8;,9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24
[21Pn31(Pn3,201) 1;2:3:4:5,6;7;, 8,9
[3] P42/n12/m(P42/nnm, 134) 1; 2; 3; 4; 13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40
{[3] P42/n12/m(P42/nnm, 134) 1; 2; 3; 4; 17; 18; 19; 20; 25; 26; 27; 28; 41; 42; 43; 44
[31P4,/n12/m(P4,/nnm, 134)  1; 2; 3; 4; 21; 22; 23; 24; 25; 26; 27; 28; 45; 46; 47; 48
[4]P132/m (R3m, 166) 1; 5:9; 14; 19; 24; 25; 29; 33; 38; 43; 48
[4]P132/m (R3m, 166) 1; 6; 12; 13; 18; 24; 25; 30; 36; 37; 42; 48
[4]P1§2/m(R§m, 166) 1; 7; 10; 13; 19; 22; 25; 31; 34; 37; 43; 46
[4]P1§2/m(R§m, 166) 1; 8; 11; 14; 18; 22; 25; 32; 35; 38; 42; 46

IIa none

IIb [2]Fd3c(a =2a,b =2b,c¢ =2c)(228);[2] Fd3m(a =2a,b =2b,c¢ = 2c¢) (227)

Maximal isomorphic subgroups of lowest index
IIc  [27]1Pn3m(a’ =3a,b =3b,c =3c) (224)

Minimal non-isomorphic supergroups
I none
II [21Im3m (229); [4] F m3m (225)

ORIGIN CHOICE 1

Symmetry operations

(H 1 2) 2 0,0,z 3) 2 0,0

®) 37 x,x,x (6) 37 x,x,x 7 3" x,x,x

9 3 x,x,x (10) 3~ x,x,x (11) 3~ x,x,x

(13) 2(5,5,0) x,x,3 (14) 2 x,%+3,3 (15) 47(0,0,5) 3,0,z
(17) 4°(5,0,0) x,5,0 (18) 2(0,5,5) 1.y (19) 2 3y+35.7

1) 47(0,5,0) 3.5,0 (22) 2(3,0,3) x,5,x (23) 47(0,5,0) O,y,%
(25) 1 141 (26) n(3,3,0) xy,; (27) n(3,0,3) x1.2
(29) 3+ X, X, X5 %a%7% (30) 3+ )E—],x—l—l,)?, _%7%73 (31) 3+ -xa-f+1 )C, zlwzsw_%
(33) 37 x,x,x; 111 (34) 37 x+1,x—1,% 1,—13 (35) 37 x,x+1,x; —131
37 m x,x,z 38) m x,x,z (39) 4- 0,0,z; 0,0,0
(41) 4° x,0,0; 0,0,0 42) m x,y,y 43) m x,yy

45) 4+ 0,y,0; 0,0,0 46) m x,y,x 47) 4 0,,0; 0,0,0

ORIGIN CHOICE 2

Symmetry operations

() 1 @2 iz 3)2 iy

(5) 37 x,x,x (6) 3" X,x+3,%x (7) 3% x+31,%,x

9) 37 x,x,x (10) 37 x+13,%,% (11) 37 x+35,%+3,x

(13) 2(%3%3 ) )C,)CO (14) 2 )C,)Z,O (15) 47(0707%) %77%71
(17) 4 (% O ) -xa47_Z (18) 2'(0’%7%) an,y (19) 2 an’)_/

(21) 4+(0 29 ) 47ya Z (22) 2(%70721) )C,O,)C (23) 47(07%70) 7%7)’7%

25 1 0,00 (26) n(3,7,0) x.y,0 (27) n(3,0,3) x,0,2

(29) 3* x,x,x; 0,0,0 (30) 3 x—1,x+1,x% —1,0,% (31) 3* x—1 x+1,%;, 0,4, —1
(33) 37 X, X, X3 07030 (34) 37 x+%7f717-ﬁ 077217% (35) 37 x7217i+27 ;72170
(B7) m x+3,%z (38) m x,xz (39 4 15z L

(41) 4 x40 4,001 (42) m x,y+3.y (43) m xy,y

(45) 4" 133 5,505 (46) m X+iy,x (47) 4 10,55 5hios

683

4 2 x,0,0
8) 3" x,x%,x
(12) 37 x,x,x
(16) 47(0,0,5) 0,5,2
(20) 4*(%,0,0) x,0,3

(24) 2 Xt3,5,x
(28) ’}( a2a2) 4ayaZ
(32) 3" x+1,%,x; 3,— 1,3
(36) 37 )E+l,x,i; %7%772
(40) 4+ 0,0,z; 0,0,0
(44) 4+ x,0,0; 0,0,0

48) m x,y,x

@ 2 xi.1

(8) 3" xt3,5+3,x
(12) 37 %,x+3,%
(16) 4+(O70721) 7417
(20) 4+(3,0,0) x,—
24) 2 x0,x

(28) n(0,5,3) 0,32
(32) 3* x+%7X7%7X; %77%70
(36) 37 X+1 X— 07_; %70772l
(40) 4° 1,52 1
@4) & xik L
(48) m x,y,x
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— 5 _
Fm3m O, m3m Cubic
No. 225 F 4 / m 3 2 / m Patterson symmetry Fm3m

N

0

5 O

N

Origin at centre (m3m)

Asymmetric unit x
Vertices ,0,0

Symmetry operations
(given on page 691)
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CONTINUED No. 225 Fm3m

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(0,3,3); £(3,0,3); (2); (3); (5); (13); (25)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, . 1 1 .
Site symmetry (0,0,00+ (0,7,3)+ (5,0,3)+ (5,7,0)+ h,k,l permutable
General:
192 [ 1 1) x,y,z 2) x,y,z 3) x,y,z 4) x,y,Z hkl : h+kh+1L,k+1=2n
(5) Zax7y (6) vavy (7) vavy (8) ervy Okl : k’l = 27’[
) y,z,x (10) y,z,x an y,z,x (12) y,z,x hhl = h+1=2n
(13) y,x,Z (14) 3.%,7 (15) y,%,z (16) 3,x,2 hOO: h=2n
A7) x,z,y (18) %,z,y (19) x,z,y (20) x,Z,y
2D z,y,x (22) z,y,x (23) Z,y,x (24) z,y,x
(25) %,3,2 (26) x,y,Z (27) x,3,z (28) x,y,2
(29) z,%,y (30) Z,x,y B z,x,y (32) z, %,y
(33) y,%,% (34 y,z,x (35) y,z,x (36) y,z,x
(37 y,%,z (38) y,x,z (39) y,x,Z (40) y,%,Z
(41 x,Z,y (42) x,z,y (43) x,z,y (44) x,z,y
(45) Z,y,x (40) Z,y,x (47) z,y,% (48) z,y,x
Special: as above, plus
9% k ..m X,X,2 XX,z X,x,Z X,X,Z Z,X,X Z,X,X no extra conditions
Z,X,X Z,X,X X,2,X X,2,X X,Z,X X,Z,X
X, X, Z X, X,z X,X,Z X,X,2 X,2,X X,2,X
2727)2 .X,Z,x Z,X X Z?-frx Z,x,x Za-frf
% j m.. 0,y,z 0,y,z 0,y,z 0,7,z z,0,y 7,0,y no extra conditions
2,0,y 7,0,y 2,0 ¥,2,0 »z,0 ¥,Z,0
y’O’Z .)_}’O’Z y’O’Z .)7707Z 0’Z7)7 07Z’y
0,2,y 0,zy z,,0 2,5,0 z,y.0 z,5,0
48 i m.m2 30,y 59y 30,9 5,9,y NED ¥,y no extra conditions
RIS V3, Y Ys3 Y,y 3 VY5 V.53
48 h m.m2 0,y,y 0,y,y 0,y,y 0,9,y v,0,y 0,y no extra conditions
¥,0,y ¥,0,y ».5,0 7,50 »,5,0 ¥,5,0
48 8 2.mm x?%w]_x Xa%% z]_wxaz]_x %a-f?% zl_u%ax %azlu-f hkl : h=2n
% 3 e X, 53 EA N T B
32 f .3m X,X,X X, X,x X,x,X X, %, X no extra conditions
X, X, X X, X, X X, X, X X,X,X
24 e 4d4m.m x,0,0 x,0,0 0,x,0 0,x,0 0,0,x 0,0,x no extra conditions
24 d m.mm 0,7,3 0,33 10,3 1,0, 31,0 71,0 hkl : h=2n
8 ¢ 43m T 15,3 hkl © h=2n
4 b m3m 11l no extra conditions
4 a m3m 0,0,0 no extra conditions
Symmetry of special projections
Along [001] p4mm Along [111] p6mm Along [110] ¢2mm
a=1la b =1b a=;2a—-b—c) b =i(—a+2b—¢) a’=;(—a-+b) b =c
Origin at 0,0,z Origin at x,x,x Origin at x, x,0
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Fm3m No. 225 CONTINUED

Maximal non-isomorphic subgroups

I [21F43m (216) 32:3,4;, 5,6, 7; 8, 9; 10; 11; 12; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47; 48)+
[21 F432(209) 32534, 5,6, 7; 8,9, 10; 11; 125 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24)+
[21Fm31(Fm3,202) ;25 3;4; 5,6, 7; 8, 9; 10; 11; 125 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36)+
[B1F4/m12/m(I4/mmm, 139) ; 2; 3; 4 13; 145 15; 16; 25; 26; 27; 28; 37; 38; 39; 40)+

{[3]F4/m12/m(14/mmm, 139) 5 35 4; 17; 18; 19; 205 25; 26; 27; 28; 41; 42; 43; 44)+
5 35 45 21; 225 23; 24; 25; 26; 27, 28; 45; 46; 47, 48)+

[4] F 132/m (R3m, 166)
[4] F 132/m (R3m, 166)
[4] F132/m (R3m, 166)
[4] F132/m (R3m, 166)
IIa ([4]Pn 3m (224)

; 9; 14; 19; 24; 25; 29; 33; 38; 43; 48)+
; 12; 13; 18; 24; 25; 30; 36; 37; 42; 48)+
; 10; 135 19; 22; 25; 31; 34; 37; 43; 46)+

; 11; 145 18; 22; 25; 32; 35; 38; 42; 46)+

;55 9; 14; 19; 24; 25; 29; 33; 38; 43; 48; (4; 6; 11; 16; 18; 23; 28; 30; 35; 40; 42;
47)—1—(0,2,2) (3; 8; 10; 15; 20; 22; 27; 32; 34; 39; 44 46) + (5,0,3); (2, 7; 125 13; 17;
21; 26; 31; 36; 37; 41; 45) + (1, 1,0)

[4] Pn3m (224) 1; 6; 12; 13; 18; 24; 25; 30; 36; 37; 42; 48; (4; 5; 10; 15; 19; 23; 28; 29; 34; 39; 43;
47)+(0,3,3); (3; 7; 11; 16; 17; 22; 27; 31; 35; 40; 41; 46) + (3,0,3); (2; 8; 9; 14; 20;
21; 26; 32; 33; 38; 44; 45) + (4,4,0)

[41 Pn3m (224) 1; 7; 10; 13; 19; 22; 25; 31; 34; 37; 43; 46; (4; 8; 12; 15; 18; 21; 28; 32; 36; 39; 42;
45)+(0,1,1); (3; 6; 9; 16; 20; 24; 27; 30; 33; 40; 44; 48) + (4,0,3); (2; 5; 11; 14; 17,
23; 26; 29; 35; 38; 41; 47)+ (;,;,O)

[4] Pn3m (224) 1; 8; 11; 14; 18; 22; 25; 32; 35; 38; 42; 46; (4; 7, 9; 16; 19; 21; 28; 31; 33; 40; 43;
45)+(0,15,3); (3; 5; 12; 15; 17; 24; 27; 29; 36; 39; 41; 48) + (1,0,3); (2; 6; 10; 13; 20;
23; 26; 30; 34; 37; 44; 47)+ (1,3,0)

(1,
(1;
(1,
(1;
(1,

[B1F4/m12/m(I4/mmm, 139) (1,
(1
(1
(1
(1,
1

[41 Pm3m (221) 1;2;3;4;,5,6;7,8;9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24; 25; 26;
_ 27; 28; 29; 30; 31; 32; 33; 34; 35; 36; 37; 38; 39; 40; 41; 42, 43, 44, 45; 46; 47, 48
[4] Pm3m (221) 1; 2; 3; 4; 13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40; (9; 10; 11; 12; 17; 18; 19;

20; 33; 34; 35; 36; 41; 42; 43; 44) + (0,4,3); (5; 6; 7; 8; 21; 22; 23; 24; 29; 30; 31; 32;
45; 46; 47; 48) + (1,0,4)

[41 Pm3m (221) 1; 2; 3; 4; 17; 18; 19; 20; 25; 26; 27; 28; 41; 42; 43; 44; (9; 10; 11; 12; 21; 22; 23;
24; 33; 34; 35; 36; 45; 46; 47; 48) + (3,0,1); (5; 6; 7; 8; 13; 14; 15; 16; 29; 30; 31; 32;
37; 38; 39; 40) + (3,3,0)

[41 Pm3m (221) 1; 2; 3; 4; 21; 22; 23; 24; 25; 26; 27; 28; 45; 46; 47; 48; (5; 6; 7; 8; 17; 18; 19; 20;
29; 30; 31; 32; 41; 42; 43; 44) 4 (0,3,3); (9; 10; 11; 12; 13; 14; 15; 16 33 34; 35; 36;
37; 38; 39; 40) + (2,2,0)

IIb none

Maximal isomorphic subgroups of lowest index
IIc [27]Fm3m(a =3a,b =3b,c = 3c) (225)

Minimal non-isomorphic supergroups
I none
II  [2]1Pm3m(a =la,b =ib,c¢ = lc)(221)
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CONTINUED No. 225
(from page 688)

Symmetry operations

For (0,0,0)+ set

(H 1 2) 2 0,0,z 3) 2 0y0

5) 3" x,x,x (6) 3" x,x,% (7) 3" x,%,%

) 37 x,x,x (10) 3~ x,x,x (11) 3~ x,x,x

(13) 2 x,x,0 (14) 2 x,x,0 (15) 4 0,0,Z

(17) 4° x,0,0 (18) 2 0,y,y (19) 2 0y,y

(21) 47 0,y,0 22) 2 x,0,x (23) 4 0,y,0

251 0,0,0 (26) m x,y,0 27) m x,0,z

(29) 3* x,x,x; 0,0,0 (30) 3* %,x,%; 0,0,0 31) 3* x,%,% 0,0,0

(33) 3~ x,x,x; 0,0,0 (34) 3~ x,%,%; 0,0,0 (35) 3~ x,%,x; 0,0,0

(37) m x,xz (38) m x,xz (39) 4 0,0,z; 0,0,0

(41) 4 x,0,0; 0,0,0 (42) m x,y.y (43) m xyy

45) 4+ 0,,0; 0,0,0 (46) m xy,x 47) 4~ 0,9,0; 0,0,0

For (0,3,3)+ set

(1) 1(0,3,5) (2) 2(0,0,3) 0,5,z (3) 2(0,3,0) 0.y,

(5) 3+(%7%a%) x—%,x é?x (6) 3" “‘27)6‘}»%7)Z (7) 3+(7% % %) X+%,f*é,f
9 3°(5,5,3) x—gxtgx (10) 3(=5,5,5) x+g8+e,8 (1) 37 5, 8+5x

(13) 2(5,3,0) x,x+3,3 (14) 2(—5,3,0) x,%+35.3 (15) 4’(0, i3) B
(17) 4~ x,3,0 (18) 2(0,3,5) O,yy (19) 2 0y+3.9

(21) 4+(0a%70) %7yazl_t (22) Z(J_HOMIT) X*%,%,X (23) 47(07270) 741_17.)]74]_1
(25) 1 0,53 (26) b xy,; (7) ¢ x3.2

(29) 3% x,x+1,x 0,10 (30) 3" x—1,x+3,% —3,0,1 31) 3 x,5+1,% 0,10
(33) 37 xiéaxi%a)@ 70a2l (34) 3 X+%,f*%,f, 070a2l (35) 37 X*%,f*’%,)ﬁ 7%7%70
(37) g( 47%7%) x+%>f7z (38) g(%ma%) -x_4l>x7z (39) 47 _41_1’%75 _%7%7%
1) 4 x,0,3; 0,0,5 (42) m x.y+3,y 43) g(0,3,5) xyy

(45) 4+ 7&7})&7 7%&’% (46) g( % %) X+i7yax (47) 47 4,)’7;; z117~117~11
For (3,0,5)+ set

(1) 1(4,0,4) (2) 2(0,0,4) 1,02 (3)2 iy

(5) 3+(%7%a%) x+é,x7é,x (6) 3+(% 7% %) f+%,x é?f (7) 3* x+%7f7%7f

(9) 37(%7%7%) 'x_ﬁlrx_%rx (10) 3- X+ %aff (]1) 3" f+27fx

(13) 2(}13%30) X,X*%,% (14) 2(%37%70) xvi z]_uz]_x (15) 4 ( 2) %7 %71
(17) 47(%7030) xa%v% (18) 2(03%7%) }Tayfivy (19) 2(0 Za ) 417y+%7)_}
(21) 47 5,0 (22) 2(%,07%) x,0,x (23) 4 0.y,

(25) T ia07% (26) a x>ya4 (27) n(%? a%) X,O,Z

(29) 3* X*%,X*%,X; 0703% (30) 3+ _7%3 +%a)€; 07 a% (31) 3+ x+%7£+%7f; %7%70
(33) 3 x+%a-xa-X; %7()’0 (34) 37 x+%a-f_laf’ Oa_%a% (35) 37 x+%>f+laX; 07%’%
(37) g(3,—5.1) x+5.%z (38) g(3,5,3) xt+3,x2 (39) 4 1,5,% §hio

(41) 4 xfivl %77417% (42) g(%afivi) xa)"”%v}j (43) g(%aiai) x,yfﬁ,y
(45) 47 0,y,5; 0,0, (46) m X+3.y,x (47) 4= 1.5,0; 3,00
For (1,1,0)+ set

(1) 1(3,3,0) ()2 132 (3) 2(0,3,0) 3.5,0

(5) 37(5.3,5) X+gx+ix (6) 3" ¥+3,x,% (7) 3" x+3,x,%

(9) 37(%7%3%) x+§,x+%,x (10) 3 x7i+%7i (11) 3- (3’5 %) X+%7i+éax
(13) 2(3,5,0) x,x,0 (14) 2 x,%+3,0 (15) 4= 3.0,

(17) 47(%7030) X,i,*% (18) 2(07417%) 47y+47y (19) 2(0’%’7%) %7y+%7_
(21) L_"+<Oa%>0) %7)7’_% (22) 2(41a07%> x+ZaZa (23) 47<0a%a0) }Ta ?%

(25) 1 3,5,0 (26) n(3,3,0) x,5,0 (27) a x;::z

(29) 3" x+%axax; %7030 (30) 3* iil )C+1 X; 07%721 (31) 3+ )C*%,ZFI,)E, 07%77%
(33) 37 x,x+4,x; 0,10 (34) 3~ x+1,x—1,% 1,01 (35) 37 x,x+5,x; 0,4,0
(B7) m x+3,%z (38) g(%,%,o) X, X2 (39) 4 0,5,z 0,3,0

(41) 4" x,5,55 5h51 42) g(5,3,—3) xy+i.¥ (43) g(5,4,1) xy+iy
(45) 4+ %a%i; %7%7% (46) g(%v%a_%) X—*—%?yax (47) 4- %aya_%’ %?%a_%
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4) 2 x,0,0
(8) 3* X,%,x
(12) 3~ %x,%
(16) 4 0,0,z
(20) 4* x,0,0
(24) 2 %,0,x
(28) m 0,y,z
(32) 3+ %,%,x; 0,0,0
(36) 3~ %,x,%; 0,0,0
(40) 4* 0,0,z; 0,0,0
(44) 4* x,0,0; 0,0,0
(48) m x,y,x

D 2 x5,
(8) 3" Fitix
(12) 3 x-;

2
(28) n(O,é,é) 0.2
(32) 3 x+1,%+1,x; 2,O
(36) ?7 X+2,X+2, > 575
(40) 4" 15,25 5.1.%
(44) 4" x,5,0;0,5,0
(48) g(iv%?%) xf%,y,x

32
;,0

(4) 2(%a0,0) .X,O,%

(8) 3" Xt3,X+3,x

(12) 3 ( 3 %a%) X_é?x—i_%ai
(16) 47(0,0,3) 1,32

(20) 4+(%7070) X,*%,%
(24) 2 T+10.x

(28) ¢ 4,y,

(32) §+ X+2, 27X; %7757
(36) 37 i+3,x,%; 3,0,0
(40) Z"+ J‘U_%,Z; %7_%7%
(44) 4" x,5,55 1,505

48) g(5.0,1) xyx

(4) 2(%7 ) ) X Z 0

(8) 37(3,5,—35) F+g,Tt5,x
(12) 3~ %, x+5,%

(16) 4+ 0,3z

(20) 4+(570 0) x7%7%

(24) Z(Za _%) X""%?%ax
(28) b 1.z

(32) 3% #+4,%,%; 3,0,0
(36) 37 X+] X— 2a_; 1,0,_%
(40) 4+ 1.0,; 1,0,0
(44) 4 x,3,—35 53

a%) x+1ayax
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CONTINUED No. 226 Fm3c

Asymmetric unit 0<x
Vertices 0,0,0 1,0,

Symmetry operations
(given on page 695)

Generators selected (1); #(1,0,0); #(0,1,0); 7(0,0,1); #(0,4,4); (3,0,%); (2); (3); (5); (13); (25)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, . 1 1 .
Site symmetry (0,0,00+ (0,5,3)+ (5,0,5)+ (5,3,0)+ h,k,l permutable
General:
192 j 1 (1)xyz 2) x,9,z 3) x,y,Z @ x,9,Z hkl : h-+k=2nand
(5) z,x,y (6) z,%,y (7) z,%,y (®) Z,x,y h+1Lk+1=2n
) y,z,x (10) y,z,x (1) y,z,x (12) y,z,x Okl : k,l=2n
(13) y+1x+4,2+3 (D) y+4,8+52+1 (A5 y+iE+1z2+1 (16) +1x+4,z+4  hhl o hil=2n
A7 x+iz+55+1 A8 F+bz+iy+) (19 F+1Z+15+1 QO)x+1z+1y+s 700z h=2n
QD z+35,y+35,5+5 22)z+5,5+5,x+5 23)Z+5,y+5,x+35 Q) Z+5,+5,5+;
(25) x,3,Z (26) x,y,Z 27) x,3,z (28) x,y,z
(29) z7,%,5 (30) z,x,y 3D z,x,y (32) z,x,y
(33) y,z,x (34) y,z,x (35) y,z,x (36) y,z,x
BN y+3,5+3z2+3 B8 y+r,x+i3,z2+: BNI+3,x+35,2+3 (40)y+3,5+3,2+3
@) x+3,2+5,y+: A2)x+5,2+3,5+; @) x+3,2+5,y+; @) X+5,2+35,5+3
45) Z2+5,+5,x+35 (46) 245, y+35,5+5 @D z+5,9+5,8+35 @8 z+5,y+5,x+3
Special: as above, plus
9% i m.. 0,y,z 0,y,z 22 0,y,z no extra conditions
z,0,y 2,0,y z,0,y 7,0,y
y?Z7O }_}7Z70 y?Z’O }_}72’0
y+i,5,2+3 y+1,5,2+3 y+i,5,2+3 y+1,5,2+3
3,2+ 5,5+ 52+t 5,Y+ 3 2+ 5,5+3 52+t 5,Y+ 3
z+5,y+ 15,3 z+ 5,9+ 5,3 I+ 5,9+ 15,3 Z+ 5,9+ 5,3
% h ..2 LYY L3y LYY LYy Y1y %1y hkl : h=2n
P 3,y ¥4, A Vi .93 A
%’)_}7.)_) %7)}7)7 %a}_%y ?_17 7y }77?_17)7 y?%?y
Y1, V1Y ¥, 9,1 »9 1 V1 %Y1
64 g .3. X,X,X X,X,x hkl © h=2n
X,X,X X, X, X
X+ 5,X+ 5,8+ 3 Tt 3,8+ 5,%+3
x+ 5,5+ 5,x0+ 3 ¥+ 3,0+ 3,x+3
-frfa-f x,x,i
X,X,X X, X, X
¥+5,8+ 5,0+ x+3,X+3,X+ 3
X+5,x+35,5+3 x+35,X+35,5+3
43 f 4.. x,ﬁ,% f,%,% zl_uxvzlx %7)?7% zl_uiax %wl_ux hkl © h=2n
¥ 11 X5 7 A X3 11X IrihX
48 e mm2.. x,0,0 x,0,0 0,x,0 0,x,0 hkl : h=2n
0707-x 0,0,f %7-x+%a% %?f—i_%?%
x+3,1,3 ¥+3,1,1 357,%+ 7 IR
24 d 4/m O,%,% O?%?zl_t %707% JT?O?% zl_uzl_uo %7}&70 hkl : h=12n
24 ¢ 4m.2 1,0,0 $,0,0 0,:1,0 0,2,0 0,0, 3 0,0,3 hkl : h=2n
8 b m3 0,0,0 1,31 hkl : h=2n
8 a 432 %wlui %>%a% hkl : h=2n

693



Fm3c No. 226 CONTINUED

Symmetry of special projections

Along [001] p4mm Along [111] p6mm Along [110] p2mm
w=la b=b w=(2a-b-c) b=i(atdb-c) a=l(-atb) b=l
Origin at 0,0,z Origin at x,x,x Origin at x,x,0

Maximal non-isomorphic subgroups

| [21F43¢(219) 3253, 4; 5,6, 7; 8,9, 10; 11; 125 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47, 48)+

[2]1 F432(209) ;25 3, 4;5;,6;7; 8,9, 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24)+

[21 Fm31(Fm3,202) ;3:4;5;,6; 7, 8; 9; 10; 11; 12; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36)+
[31F4,/m12/n(I4/mcm, 140) ; 35 4; 13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40)+
{[3]F42/m12/n (I4/mcm, 140) ; 35 4; 17; 18; 19; 205 25; 26; 27; 28; 41; 42; 43; 44)+
;2 3; 4; 21; 22; 23; 24; 25; 26; 27; 28; 45; 46; 47; 48)+

[41F132/n(R3c, 167)
[41F132/n(R3c, 167)
[41F132/n(R3c, 167)
[4]F132/n(R3c, 167)

; 9; 145 19; 24; 25; 29; 33; 38; 43; 48)+
; 12; 13; 18; 24; 25; 30; 36; 37; 42; 48)+
; 10; 13; 19; 22; 25; 31; 34; 37; 43; 46)+

(15
(1;
(1
&
[31F4,/m12/n(I4/mcm, 140)  (
(
(
(
(1; 8; 11; 14 18; 22; 25; 32; 35; 38; 42; 46)+

IIa ([4] ngn(223) 1;2;3;4;5,6;7;8,9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24; 25; 26;
_ 27; 28; 29; 30; 31; 32; 33; 34; 35; 36; 37; 38; 39; 40; 41, 42; 43; 44, 45; 46; 47; 48
[4] Pm3n (223) 1; 2; 3; 4; 13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40; (9; 10; 11; 12; 17; 18; 19;

20; 33; 34; 35; 36; 41; 42; 43; 44) 4+ (0,;,;) (5; 6; 7; 8; 21; 22; 23; 24 29; 30 31; 32;
45; 46; 47; 48) + (3,0,3)

[4]1 Pm3n(223) 1; 25 3; 4; 17; 18; 19; 20; 25; 26; 27; 28; 41; 42; 43; 44; (9; 10; 11; 12; 21; 22; 23;
24; 33; 34; 35; 36; 45; 46; 47; 48)+(5,0,3); (5; 6; 7; 8; 13; 14; 15; 16; 29; 30; 31; 32;
37; 38; 39; 40) + (1,4,0)

[41 Pm3n(223) 1; 2; 3; 4; 21; 22; 23; 24; 25; 26; 27; 28; 45; 46; 47; 48; (5; 6; 7; 8; 17; 18; 19; 20;
29; 30; 31; 32; 41; 42; 43; 44)+(0,4,1); (9; 10; 11; 12; 13; 14; 15; 16; 33; 34; 35; 36;
37; 38; 39; 40)+ (3,3,0)

[41Pn3n(222) 1; 55 9; 14; 19; 24; 25; 29; 33; 38; 43; 48; (4; 6; 11; 16; 18; 23; 28; 30; 35; 40; 42;
47)+(O,2,2) (3; 8; 10; 15; 20; 22; 27; 32; 34; 39; 44; 46)+ (3,0,3); (2; 7; 12; 13; 17;
21; 26; 31; 36; 37; 41; 45) + (3,4,0)

[41Pn3n(222) l 6; 12; 13; 18; 24; 25 30; 36; 37; 42; 48; (4; 5; 10; 15; 19; 23; 28; 29; 34; 39; 43;

47) + (0,;,%) (3; 7; 11; 16; 17; 22; 27; 31; 35; 40; 41; 46) + (3,0,3); (2; 8; 9; 14; 20;

21; 26; 32; 33; 38; 44; 45)+ (3,1,0)

[41Pn3n(222) 1; 7; 10; 13; 19; 22; 25; 31; 34; 37; 43; 46; (4; 8; 12; 15; 18; 21; 28; 32; 36; 39; 42;
45)4(0,3,3); (3; 6; 9; 16; 20; 24; 27; 30; 33; 40; 44; 48)+ (3,0,3); (2; 5; 11; 14; 17,
23; 26; 29; 35; 38; 41; 47)+(4,1,0)

[41Pn3n(222) 1; 8; 11; 14; 18; 22; 25; 32; 35; 38; 42; 46; (4; 7; 9; 16; 19; 21; 28; 31; 33; 40; 43;
45)+(0,3,1); (3; 5; 12; 15; 17; 24; 27; 29; 36; 39; 41; 48) + (1,0,1); (2; 6; 10; 13; 20;
23; 26; 30; 34; 37; 44; 47)+ (3,1,0)

IIb none

Maximal isomorphic subgroups of lowest index
IIc [27]Fm3c(a =3a,b =3b,c¢ = 3c) (226)

Minimal non-isomorphic supergroups
I none
II [2]1Pm3m(a =lab =ib,c¢ = lc)(221)
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CONTINUED
(from page 693)

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

(1) 1

®) 3" x,x,x

9 3 x,x,x

(13) 2(3,3,0) x,x,}
(17) 4°(3,0,0) x,3,0

(0.3,

0) 350
251 0,0,0
(29) 3+ x,x,x; 0,0,0
(33) 37 x,x,x; 0,0,0
37) ¢ x+3,%2
(41) & 0.5 10,2
(45) 4° 0,y,3; 0,5,

1
x—;,O

(37 g(z,—1, v
41) 4 x,0,0; 10,0

(45) 3 Lyt 10,8

For (3,0,5)+ set

(1) (3,0,5)

(5) 3+(%7%a%) X+é7X7é7x
(9) 37(%7%7%) x—é,x—%,x
(13) 2(}&3%30) X,X+%,

(17) 4~ x,3,—3

(41)4 X551 003

(45) 4 0,.0; 0,10
For (1,3,0)+ set

(1) 1(3,5,0)

(5) 3+<%7%’%) ‘x+617x+%7x
(9) 37(5,5,5) x+ixtgx
(13) 2 x,x,3

17) 4= x,3,%

21) 4* 2y

25 1 4,40

(29) 3" x+3,%,% 3,0,0
(33) 3" x,x+3,x 0,5,0
37 ¢ x,xz

(41) Z‘ﬁ xvfinlw afia%
(45) Z"+ _%7)7’%’ _%a07%

(2) 2 0,0,z

(6) 3" x,x,%

(10) 37 x,x,x

(14) 2 x,7+1,1
(18) 2( 7272) %7 5y
(22) 2(3,0,3) x,3,x
(26) m x,y,0

(30) 3+ %,x,% 0,0,0
(34) 37 x,x,% 0,0,0
(38) n(%a%a%) X,X,2
42) @ xy+iy
(46) b I+3.y,x

(10) 3 _%7%7%

(14) 2(%a7%7 ) X7f+%70
(18) 2 z.yy

(22) 2(5,0,3) x+3,0,x

(26) b xm%

X
) x+bE+LE

(34) 3 X+%, —15,% 0,0,
(38) g(3,3,0) x+3,x2
(42) a xyy
(46) g(%aovii)

(14) 2(7417%70) xyi‘}’zluo
(18) 2(0,3,5) Oy+i.y
(22) 2 x,5.x

(26) @ x,y,3

(30) §+ _71 +%a)€; 0703%
(34) 3- x+2, —1,%, 0,—1

(38) g<i’l’0) X—%,X,Z
(42) g(owlv*le) x,y+&,)7
46) b xy,x

(2) 2 3,32

(6) 3* x+ix%
(10) 3~ x,%+1,%
(14) 2 x,%,

sA5 3
(18) 2(07417%) Ovyfiay
(22) 2(41?07%> 'x_%aoax
(26) n(3,3,0) x,5,0
(30) 3* x—Lx+1,% 0,12
(34) 3~ x+1,5-5,% 1,03
(38) ¢ x,x,z
(42) g((),,%“‘_x) x7y+%7)_]

(46) g<_%>0a%) f“‘ia)’,x

)

No. 226

3)2 0y0

(7) 3" x,%,%

(11) 3~ x,x,x

(15) 47(0,0,5) 3,0,z
(19) 2 3y+35,9
(23) 47(0,5,0) 0,y,5
27) m x,0,z

31) 3* x,%,% 0,0,0
(35) 37 x,%,x; 0,0,0
(39) 21-7 0’27Z’ 07%7%
(43) n(l7%7%) X,y
(47) 4 3.90; 3,1,0

(11) 3 7+
(1s) 4 3,
19) 2 4y,
(23) 4" 3,

27 ¢
31) 3+ ;
(35) 3 B+
(39 4 1,53 5oy
43) a
(47) 4- %7)}77_

DI=
[

- A‘

N

(3)2 iy
(7) 3* x+1,%
(11) 3~ #+1%x

(15) 4 5,32

(19) 2(0 %77%) an‘i’%,}j
(23) 47<0a%a0 anao

27 n(1 ,0,3) x,0,2

(B1) 3% x+1,%54+1,% 1,50
(35) 3- 3, 3+1,3; 0,53
(39) 4- 4a4aZs %,41,0
(43) g(0,5,1) xy+3y
47) 4 0,9,0; 0,3,0

(7 3+ +% XX

(11) 37(5,5,—5) *+i,5+5x
(15) 4°(0,0,3) 0,0,z

(19) 2(0 7317%) 07y+zln}7
(23) 4 —3.y1

27 a x3.z

(31) 3+ 7%7£+17 ’ 0 %77%

x; 0,
(35) 3~ x,x+1,x 0,10
(39) 4 0,0,7; 0,0,!
(43) g(ouluzlx) 7y717y
@47 4 1y 104

695

4) 2 x,0,0

(8) 3" %,%,x

(12) 3~ %,x,%

(16) 47(0,0,5) 0,52
(20) 47(3,0,0) x,0,5
(24) 2 x+itx
(28) m 0,y,z
(32) 3* x,%,x;
(36) 3~ x,x,%;
(40) 4° 1,0
44) 4+ x,
48) n(s,s

=X=)
[=X=)
SR}

:>|~:O
R o R-x

PSSR

=
=

(8) 3" Fitix
(12) 3 7 2,x+g,f

i -1
772) X+Z,0,X

4) 2(3,0,0) x,0,3
(8) 37 X+3,5+3,x
(12) 37(3,—13.1)
(16) 4+ 7%7%71
(20) 4 x,1,1
24) 2 xi.x

= 1 1
X—g,X+3,%

(28) ¢ 1)z
(32) 3" ¥+,
(36) 37 X+5,x,%;
(40) 4 4,15 5,10

- > Y
(44) 4+ xa%afil 07%77%
“48) b x,y,x
4 2(5,0,0) x,7,0
(8) 37(3,5,—1) F+i,F+5x
(12) 3~ % x+i.%
(16) 4°(0,0,1) 0,0,z
(20) 4* x,— 1,5
(24) 2(_%’07%) X—’—%,Oa-x
(28) b 1)z

(32) 3% #+4,%,%; 3,0,0
(36) 37 X—’—]?x_%ai’ %,O,—%
(40) 47 0,0,2; 0,0,

(44) 4" x,1,55 0,45

(48) g(m a4) _%,yax
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_ 7 _
F d 3m Oh m3m Cubic
NO. 227 F 41 / d 3 2 / m Patterson symmetry Fm3m

ORIGIN CHOICE 1

-

i

&5
B
o i
S

e

e
e

Origin at 43m, at —%,—3, —+ from centre (3m)

Asymmetric unit 0<x<3; 0<y<i; 1<z<jy y<min(3—x,x); —-y<z<y
Vertices 0,0,0 3,0,0 3 3

Symmetry operations

(given on page 699)
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CONTINUED No. 227 Fd3m

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(0,3,3); £(3,0,3); (2); (3); (5); (13); (25)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry (0,0,00+ (0,7,3)+ (5,0,3)+ (5,7,0)+ h,k,l permutable
General:
192 i 1 (D)xyz (2) 5,544,241 B)i+i,y+12 4) x+1,5,7+1 hkl : h+k=2nand
(5) z,x,y (6) 2+ 5,55+ (7) 2,5+ 3,5+ 8) Z+5,x+35,5 h+lk+1=2n
) y,2,x A0 +1,z+5%  ADy+558+1 (12 5,2+ 55 +1 Okl : k-1 = 4n and
(I13) y+3x+ 4,243 (14 F+4,8+5241 (A5 y+4i+324+2 (16) y+3x+3,2+} Kk l=2n
(7 x4 324 b+3 (AR iz iyt ()F+LI+LFHE QO+l zhiy+: M htl=2n
QD z+3y+55+3 Q) z+ii+3x+3 @) z+3y+ix+t QO Z+LF+1L5+] S
25) x+1,9+5,7+% 20) x+1,y+2,7+32 QD x+3,5+3,z+% 28 i+, y+4i,z+12
29 z+ i, 5+:1,9+5 GO Z+ix+3,y+3 GDz+ix+3,5+7 B z+3,5+3,y+1
B y+i,2+5,5+; GHy+:,z2+3x+; B y+iz+ix+3 (B6)y+i,z+3,5+13
BN y+3.%2+3 (38) y,x,z 39 y,x+35,72+3 40) y+3,5+3,Z
@41 x+35,2,y+3 42) x+3,Z+13,¥ (43) x,z,y (44) X,z+ 35,5+ 1
(45) 7+ 3,9, x+3 (46) Z,y+ 5,%+3 47) z+35,9+1,% (48) z,y,x
Special: as above, plus
9% h ..2 Lny+i o Ly 5+ Ly+iy+d o Lyy+i no extra conditions
Y+tiony Vtihed+: o y+niy+r y+HaEdy
»+tis  FHnI+LE y+iy+tani o ByEid
Hy+Ly  Hy+tiyts s+ LV+s 0 sy+ay
oyt ytniy+ti VELLVET O Byt
ytoys  y+tiy+sns VELIV+ELs yHods
9% g ..m XX, ILx+iz+1 I+3,x+3,2 x+131,5,7+3 no extra conditions
Z,X,X 7+ 5, %5,x+ 3 Z, X+ 5,x+3 I+ ix+1i,%
X,2,% X432+ 5,% x+3,2,%+ 3 X,Z4 5%+ 3
x+3x+5,2+7 X+ X+52+: x5 X452+ XHLxHz4g
x+ 52+ 5X+5 Friztixty FHLIVa 4+ x5 It it
ztpx+a,X+; ztnE¥+ix+y Itnxtixts It ¥t X4y
48 f 2.mm  x,0,0 P 0,x,0 1%L 0,0,x L1x hkl © h=2n+1
LX+5n3 nE+n: x+hnid XL Loftd nixts or htk+1=4n
32 e .3m X,X,X X x+ix+1 no extra conditions
i+ix+ix x+i5x+3
xtixbbE4] EHLERLEHS
X+ E+ix+d IHixt it
16 d .3m $:5:3 HHE §18>3 §135% } hkl : h=2n+1
_ or hk,l=4n+2
16 c .3m %7%3% %a%?s %a%?% %7%7% or h7k71:4n
8 b 43m 11l g,;,g} hkl © h=2n+1
_ or h+k+1=4n
8 a 43m 0,0,0 113
Symmetry of special projections
Along [001] p4mm Along [L11] p6mm Along [110] c2mm
a=i(a—b) b = j(a+b) a=;2a-b—-c) b=1i(-a+2b—c) a =1(—a+b) b =c
Origin at 0,0,z Origin at x, x,x Origin at x, x, 3
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Fd3m No. 227 CONTINUED

ORIGIN CHOICE 1

Maximal non-isomorphic subgroups

I [21F43m (216) (1;2;3;4; 5,6, 7; 8, 9; 10; 11; 12; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47; 48)+
[2]1 F4,32(210) (1;2; 3;4; 5, 6; 7; 8, 9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24)+
[21Fd31(Fd3,203) (1;2; 3;4; 5, 6; 7; 8, 9; 10; 11; 12; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36)+
[31F4,/d12/m(I4,/Jamd, 141) (15 2; 3; 4; 13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40)+

{[3]F41/d12/m(141/amd, 141)  (1; 25 3; 4; 17; 18; 19; 20; 25; 26; 27; 28; 41; 42; 43; 44)+
[31F4,/d12/m(I4,/amd, 141) (1; 2; 3; 4; 21; 22; 23; 24; 25; 26; 27; 28; 45; 46; 47; 48)+
[4] F132/m (R3m, 166) (1; 5; 9; 14; 19; 24; 25; 29; 33; 38; 43; 48)+
[4]F132/m(R3m, 166) (1; 6; 12; 13; 18; 24; 25; 30; 36; 37; 42; 48)+
[4] F132/m (R3m, 166) (1; 7; 10; 13; 19; 22; 25; 31; 34; 37; 43; 46)+
[41F 132/m (R3m, 166) (1; 8; 11; 14; 18; 22; 25; 32; 35; 38; 42; 46)+
IIa none
IIb none

Maximal isomorphic subgroups of lowest index
IIc [27]1Fd3m(a =3a,b =3b,c¢ = 3c) (227)

Minimal non-isomorphic supergroups
I none
II [21Pn3m(a = ia,b' = 1b,¢ = ic) (224)
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CONTINUED No. 227
(from page 696)

Symmetry operations

For (0,0,0)+ set

(1) 1 (2) 2(0a07%) 0a%7Z (3) 2(07%70) 4117ya0

(5) 3+ X, X, X (6) 3+(%7_%7%) i+é7x+é7-f (7) 3+(_%7%7%) x+%?i_é?'f
9) 37 x,x,x (10) 37 x,x+3,% 1) 37 x+3,%,x

(13) 2(3,7,0) x,x—13 (14) 2 x,%+3.5 (15) 47(0,0.3) 3,32

(17) 47(3,0,0) x,3,3 (18) 2(0,3,5) §.y+3.y (19) 2 gy+:.¥

(21) 4(0,3,0) 33,0 (22) 2(3,0,5) x—3,5,x (23) 4°(0,3,0) 7.3

(25) 1 5,53 (26) d(3,:,0) xy.3 (27) d(3,0,3) x,5.2

(29) §+ Xy X, X5 %7%7% (30) 3+ f_l7x+17-fs _%7%7% (31) 3+ x?-f—’—l?-f; %a%’_%
(33) 37 x,x,% §,40% (34) 37 x+3,5-1,% §,—45 (35) 37 T3, 8+3,0 —5,83
(37) g(%a7%7%) X+%,f,z (38) m XxX,X,2 (39) 21'7 7./17’./1_17Z; 7%7%7%
(41) 4- x7_%7%; %7_%7% (42) g(%nl_w_%) -x7y+./1_17)7 (43) ’:” XY

(45) ' 0.y, 00,4 (46) g(—1b8) Ftiyx 47 & Ly—b b
For (0,3,3)+ set

(1) t(07%7%) (2) 2 OOZ (3) 2 %7)}’-/1_1

(5) 3+(%7%a%) X*%,X*é,X (6) 3" X+2, X, X (7) 3* X,f,.f

(9) 37(5,3,5) X=X +5,x (10) 3° x+%7ff (1) 37(5,3,—35) Tt+z,0+5,x
(13) 2(5,3,0) x,x.3 (14) 2(—3,5,0) x,%+35,3 (15) 4°(0,0,3) 3,0.z

(17) 47(3,0,0) x,5,—3 (18) 2(0,3,3) §.y—1.y (19) 2 zy+3.y

(21) 47(0,3,0) 3.y,—3 (22) 2(3,0,3) x,5,x (23) 4°(0,3,0) 0.y,

(25 1 3.3 (26) d(3,:,0) x5 (27) d(3,0,3) x;5.2

(29) 3" x7x+%7-x7 %7%7% (30) 3+ f_lax—’—%ris _%a§>% (3]) 3+ x?-f—’—%ri; %a%7_%
(33) 3 xiéaxi%a)@ %a%a% (34) 3- X+1,f*%,f; %7 ga% (35) 37 iaf+17X; 7%7%7%
(B7) m x+3,%z2 (38) g(3:3:3) x—13,%,2 (39) 4 0,0,z; 0,0,0

(41) 4_"7 x>i7%; i7%7% (42) g(%a_%7%) -xay+%>}_} (43) g( 7275) X,y

(45) 4% 33,5 12503 (46) m X,yx (47) 4 3,0; 3,00
For (3,0,5)+ set

(1) 1(2,0.4) ()2 i (3) 2(0,40) Oyt

(5) 3+(%7%3%) X+617X*é,x (6) 3" ivxvi (7) 3* “‘C<}>%7“‘Za“‘Z

(9) 37(%7%7%) x_%rx_%rx (10) 37<_%7%7%) x+%af+%7f (]1) 3" -f,-f-x

(13) 2(3,40) x,x,} (14) 2(1,—1.0) x,F+13 (15) 4 (00,4) 1,0z

(17) 4°(1,0.0) %10 (18) 2(0,3,3) .3y (19) 2(0,—5,1) $y+45
(21) 47(0,5,0) 15,0 (22) 2(3,0,3) x+%’%,x (23) 47(0,3,0) —i.3
(25) 1 3.5.3 (26) d(3,3,0) x5 (27) d(3,0,3) x5z

(29) §+ xf%,x—é,x; éaéa% (30) §+ 71 x+za 7%7%3% (31) 3+ X*%,)@F%,f; %7%77%
(33) 37 x+%a-xa-X; %7%7% (34) 3 x+l x—1 'x’ éa_%a% (35) 3" f?-f—’—zla-x: _%’%’%
B7) m x,xz (38) g(5:3,3) x+3,%2 (39) 4~ 0,1,z 0,3,0

(41) 4~ x,0,0, 0,0,0 (42) m xy+3,y (43) g(5,4,1) xy—1y
(45) 4+ 0,%,0; 0,0,0 (46) g(5,3,—1) Tiyx CORSENEHEN S
For (1,4,0)+ set

(1) £(,4,0) (2) 2(0,0,) 10, (3)2 00

(5) 37(5.3,5) X+gx+ix (6) 3" Xx+3,% (7) 3" x+3,8—3,%

(9) 37 (5,3,5) X+5,x+5,x (10) 3 x,x,x (11) 37 X+3,0+5,x

(13) 2(3,5.0) x,x+3.% (14) 2 x,%+33 (15) 47(0,0,3) 3,—352
(17) 47(:,0,0) x,3,0 (18) 2(0,5,3) 5.2y (19) 2(0,5,—5) 3 y+3.5
(21) 47(0,3,0) 2.y.3 (22) 2(3,0,3) x,5.x (23) 47(0,3,0) 0.y,

25 1 33 (26) d(3,:.0) xy.3 (27) d(3,0,3) x,5.2

(29) 3+ x+%axaxv %7%7% (30) 3+ _7% )C+1,)Z; 7%7%7% (31) 3+ X+%,f+1,f; %7%’7%
(33) 3 xx+2a ’ §7§7% (34) 3 x—i—z,x—%,i; %a_%a% (35) 37 x_%a-f'i_laX; _ga%a%
(37 g(—5.5,3) xX+3,%z2 (38) g(3,3,0) xxz2 (9) 4 1,5,% §hie

(41) 4 xOm 0,0, (42) m xy,y 43) g(3,1,1) xy+1.y

(45) 4+ 47}%4’ _%a%a% (46) m f+%ay7x (47) 4- anao’ 0,0,0
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(4) 2(3,0,0) x,0,3

(8) 37(3,5,—35) F+g,Tt5,x
(12) 37 X—3,x+3,%

(16) 47(0,0,3) 0,5,z

(20) 4+(3,0,0) x,0,3

(24) 2 Xti,5,x

(28) d(0,5,3) 3.2

(32) 3+ -f+17-fa-x’ %7_%7%
(36) 37 f+1,x+%,f, %7%77%
(40) 4 5,0,z 3,0,0

(44) Zﬁ xa%a s ,%,0

48) m x,y,x

4) 2(5,0,0) x,5,0

(8) 3" Xt3,X+3,x

(12) 37 x,x,x

(16) 47(0,0,3) 1,32

(20) 4%(5,0,0) x,0,3

(24) 2(7%7 ﬂ]—t) x+%787x
(28) d(0.3,5) 3.z

(32) 3* -f+17-f_%a-x’ %?_gﬁé
(36) 3 f+%,x,f; % %77%
(40) Zﬁ %a_%az; %?_%?%
(44) 4+ x,0,0; 0,0,0

(48) g(ivévi) xfl,y,x

@ 2 x,0,0

(8) 3" x,x+3,x

(12) 37 &, x+35,%

(16) 4+(0707%) 7417%72
(20) 4°(3,0, 0) X,33

24) 2 x+3i,4.x

(28) {I(O,i,l) §Z

(32) §+ .f+2, +21,X %77é7§
(36) 3 -x+27 _E?i; %?%?_g
(40) 4" 15,7 §hiot

(44) 4+ xazln %; ivivfi
48) g(5.0,1) xyx

(5:=5,3
(16) 47(0,0,5) 0,32
(20) 4+(%7070) x774l7%
(24) 2(1% 7_%) X—’—%?%ax
(28) d(0,3,3) §.:2

(44) 4 x i i, i,l,4



_ 7 _
Fd3m O, m3m Cubic
NO. 227 F 41 / d 3 2 / m Patterson symmetry Fm3m

ORIGIN CHOICE 2

Asymmetric unit -
Vertices -

<x<i; —i<y<0; —1<z<0; y<min({—xx); —y—1<z<y
é 07070 %7077% 07077}1

Symmetry operations
(given on page 703)
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CONTINUED

Generators selected

Positions
Multiplicity, Coordinates
Wyckoff letter,
Site symmetry (0,0,0)+ (0,7,5)+ (5,0,3)+ (3
192 i 1 (D)xyz Q) x+3,7+1,2+1
(5) z,x,y 6) z+ i x+3,5+1
) y,z,x (10) 3+ 3,2+ 3,5+3
A3) y+3ix+1,z2+3 (14) 3,52
(A7) x+3,z+455+% (A8 x+i,z+2,y+1
QR z+3,y+4x+L 22 z+47+4x+32
(25) %,9,2 26) x+1,y+ 3,2+ 3
(29) z,x,y B0) z+ 3, x+ 5, y+3
(33) y,7,% B4) y+3,72+35,x+4
B 5+ 1,5+ 3,z+35 (38) y,x,z
@D x+5z+3,y+5 @2)x+53,z+5,5+3
45) z+ 15+ x+1 (46)z+3,y+ L5+
9% h ..2 0.,  3y+u3+35  5y+s5y
»,0y  V+s5y+i y+nny
»50  y+ny+a: o ytiy+
0.5y &y+tiy+s I+57F
0.3 y+iiy+ti F+niy
30 y+iy+sni o v+
9% g .m X,X,2 X+i,x+iz+
Z,X,X 7+ 1, x+ 3,5+
X,2,X ¥+1,2+ 5%+
x+3x+174+5  %Z
x+3iz+4,%+5  F+i.zt+ix+
Z+3x+4,x+%  z4+3, x4+ x+
48 f 2.mm X5 ¥+3,5,8 X3
LXtLT 553 x+15%
32 e 3m X,X,X I+3,x+5x+
F+px+5,8+5 x+5,58+ 5,5+
x+ix+5,8+3 XX
x+5X+5x+3  F+ix+ix+
16 d .3m n5:oo o550 31,0, 0,43
16 ¢ .3m 0,0,0  $,5,5 5,57 3aed
8 b 43m 31353 é,é,%}
8 a 43m 8T §3s3

Symmetry of special projections

Along [001] p4dmm

& = 1(a—b)

b =i(a+b)

Origin at 3,3,z

+ e+

s—

INIINTRNTES

FNTRN-

[SIE

sl—

s

——

(1); #(1,0,0); £(0,1,0); £(0,0,1); £(0,3,3); #(3,0,5); (2); (3);

2’%7O)+

) x+5,y+5,2+3
(N zZ+5,X+5,y+3
(A1) y+3,2+ 3,5+
(15) y+ 3,x+ 5,2+ 3
(19) %,Z,7

(23) z+3,y+3,x+1
QD x+3,5+35,2+13
GBl) z+4,x+3,5+1
B3 y+iz+ix+3
B9 y+3,x+1,7+1
(43) x,z,y

A7) z+ 5,75+ 5,5+3

Blw A=

==

IN]

[SIEENT®

IR ST
+ SN

L pi— ai—
PSRRI

=

+ o+

NP
-

Fre 4+
Tl +

ST

s—
wl—

BIW py—
“><| “><
T+ +
Rl— Bl B = -
“>< i

++++ = ) ovi= ) o=
i

= = A x
+ 4+ + +

XI il'—‘ ST
=1
I “><|

+
=
+
=
+

IS TRRST]

= e
+ =
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Along [111] p6mm

a=;2a—b—c¢)

Origin at x,x,x

701

b =!(-a+2b—c)

No. 227

@ x+35,+5,2+1
@) Z+5,x+35,5+1
(12) 3+ 3,2+ 3,x+3
(16) y+ 4, x+3,z+1
20) x+ 1,7+ 1 y+2
(24) z,7,%

28) x+ 1, y+ 1,743
(32) z+3,x+4,y+1
B6) y+i,z+3,5+1
40) y+ 1,5+ 1,7+2
@) x+3z+49+1
(48) z,y,x

Reflection conditions

h,k,l permutable
General:

hkl : h+k=2nand
h+Lk+1=2n
k+1=4nand
k,l=2n
h—+1=2n
h=4n

Okl :

hhl :
h00 :

Special: as above, plus

no extra conditions

x+3,Xx+2,Z+1%  no extra conditions
I+ 5x+5,% 4+

X+3,24+5,x+3

X+s5,x+3,2+3

x+3,2+5,x+3

Z,X,X

5,3, %+3 hkl : h=2n+1

5onxts or h+k+1=4n

no extra conditions

hkl : h=2n+1

or hk,l=4n+?2
or h,k,l=4n

hkl : h=2n+1

or h+k+1=4n

Along [110] c2mm

a =i(—a+b)

b =c

Origin at x,x,0



Fd3m No. 227 CONTINUED

ORIGIN CHOICE 2

Maximal non-isomorphic subgroups

I [21F43m (216) (1;2;3;4; 5,6, 7; 8, 9; 10; 11; 12; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47; 48)+
[2]1 F4,32(210) (1;2; 3;4; 5, 6; 7; 8, 9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24)+
[21Fd31(Fd3,203) (1;2; 3;4; 5, 6; 7; 8, 9; 10; 11; 12; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36)+
[31F4,/d12/m(I4,/Jamd, 141) (15 2; 3; 4; 13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40)+

{[3]F41/d12/m(141/amd, 141)  (1; 25 3; 4; 17; 18; 19; 20; 25; 26; 27; 28; 41; 42; 43; 44)+
[31F4,/d12/m(I4,/amd, 141) (1; 2; 3; 4; 21; 22; 23; 24; 25; 26; 27; 28; 45; 46; 47; 48)+
[4] F132/m (R3m, 166) (1; 5; 9; 14; 19; 24; 25; 29; 33; 38; 43; 48)+
[4]F132/m(R3m, 166) (1; 6; 12; 13; 18; 24; 25; 30; 36; 37; 42; 48)+
[4] F132/m (R3m, 166) (1; 7; 10; 13; 19; 22; 25; 31; 34; 37; 43; 46)+
[41F 132/m (R3m, 166) (1; 8; 11; 14; 18; 22; 25; 32; 35; 38; 42; 46)+
IIa none
IIb none

Maximal isomorphic subgroups of lowest index
IIc [27]1Fd3m(a =3a,b =3b,c¢ = 3c) (227)

Minimal non-isomorphic supergroups
I none
II [21Pn3m(a = ia,b' = 1b,¢ = ic) (224)
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CONTINUED
(from page 700)

Symmetry operations

For (0,0,0)+ set

(H 1

®) 3" x,x,x

9 3 x,x,x

(13) 2(§a§a ) X,X*%,%
(17) 4 (270 0) X35
(21) 4+( Z ) E?yalez
25) 1 0,0,0

(29) 3+ x,x,x; 0,0,0
(33) 37 x,x,x; 0,0,0

(2) 2(0707%) %7%7Z

(6) 3" X+3,x+3,%

(10) 3- (_57%7” x+%7f+%7i
(14) 2 x,x,0

(18) 2(0,3,3) 1.y+i.y

( 252
(22) 2(%?07%) X*%,%,X
(26) d(3,3,0) x5
(30) 3+ X 1x+47_ _./1_1707%
(34) 3 X+4, l-x %77%7%
(38) m x,x,z
(42) g(_ _% ) -x7y+%7)7

1
1
(46) g(5,5,—3) XTts3yx

(
(18) 2( 2 e A )
(22) 2(4,0,) x0,x
(26) d(3,3,0
(30) 3* T—1,x+3 5 —!

11
Xt3,5,X
,y,O

(2) 2(0,0,3) 3,32
6) 3" xx+1x
(10) 3~ x+3,%,%
(14) 2 x,5+1,0

(18) 2( ALZ) Ovyay
(22) 2(3’03) x,O,x
(26) d(3,3,0) x5
(30) §+ —3 x+47x 7%707%
(34) 37 x+4a 2a-x O _% %

(38) 8(5,3,0) xxz
(42) m x,y+3i.y
(46) m x+3.y,x

No. 227

(3) 2(0,%,0) §:)53

(7) 3" x+3,8—3,%

(11) 3 (3737 %) +17_2"f+%"x
(15) 47(0,0,3) 3,52

(19) 2 0,y

(23) 47(0,3,0) %,)’7%
(27) d(3,0,3) x,3.2
(1) 3" x—3,3+1,% 0,
(35) 3~ X1, F+ix —
(39) 4" 1,33 533
(43) m xy,y

(47) 4§05 o33

4>|—¢>|w
-

é
949

(3)2 &y

(7) 3" x+3,%,x

(11) 37 x+3,7+1,x
(15) 47(070&) %77%7Z
(19) 2 0,y+3.9

(23) 47(0741_170) 7%7))7%
(27) d(4a 7:31) -XOZ

(31) 3+ 47x+27 Ouia_%
(35) 37 4,X+4,X 7%7% 0
(39) 4 5,52 trini
(43) g(0 ,%,%) 3

(3) 2(0,5,0) 33
(7) 3" x+5,%5,%

(11) 37 X—’—Z?f—’—%?x
(15) 47(070741) %,*%,Z

(7) 3" (=1,5.5) X+5,8—35,%
(11) 37 x+3,5+1,x

(15) 47(0?03) %?_gaz
(19) 2(07%77%) %7y+41’}7
(23) 47( ?%? ) _%?ya%

(27) d(3,0,3) x,0.z

(31) 3+ x+ﬁ,i+1,i; %7%77%
(35) 37 X_%?-f—’—%?X; _%v%ao
(39 4 §,5.% b

(43) g(3,1,1) xy+1.y
(47) 4 138 §r5%

703

(4) 2(%7070) x?%?%

(8) 3" Fty,%+i,x

(12) 37(%7_%%) X_lnx'i_llz?-f
(16) 4+(0707%) 7%7%%
(20) 4+(41_HO70) x7_%7%
24) 2 x,0,x

(28) d(0,3,7) 7.2

(32) 3% ¥45,8—5x 1,—3,0
(36) 37 f+1,x+%,f, %7%77%
(40) Z|'+ %77%7Z; %77%7%
(44) Zﬁ xa%a_%; %a%a_%
(48) m x,y,x

) 2(5,0,0) x,5,%

(8) 37 X+i,x+1,x

(12) 3~ x,x+3,%

(16) 4*(00,4) §13:2
(20) 4°(3,0,0) x,—5,3
(24) 2(—3, ,37) Hi,i,x
(28) d(0,7,3) 12
(32) 3" Ft3,5—1,% 1
(36) 37 X+3,x0—1,%
40) 4" £,5.% 3,60
(44) 4" x,3.3 3
(48) g(iv% %) xff;,y,x

a—

L
\

B—

@ 2 x5,%
(8) 3+(%7%77%) x+%7x+17_27x
(12) 37 %,x+5,%

(16) 47(0,0,3) —3,52

(20) 47(3,0,0) x,5,3

24) 2 x+i0,x
(28) d(0,3,3) 0.z
(32) 3" x+3,5%+1,x;
(36) 37 x+3,x—
(40) 4 14,25 4
(44) 4" x34 %

@ 2 X5.5
(8) 3" X+3,X+5,x
(12) 3- =1, x+1,%

(16) 4+( ?0 _) é?éaz

(20) 47(3,0,0) x,—%.3
(24) 2(1% 7_%) X—’—%aia
(28) d(0,7,3) O,z

(32) 3+ )E+i,)f*i,x, AIH 70
(36) 37 x+1,x—1,%; 3,0,—3
40) 4% 3.2 3,808

(44) 4" x,5,5 53

48) g(5,3,5) xt+iyx
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CONTINUED No. 228 Fd3c

Origin at 23, at —3, —%, — 1 from centre (3)

Asymmetric unit 0<x<j; 0<y<; —;<z
Vertices 0,00 4,00 {4} Lh}

Symmetry operations

(given on page 707)

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(0,3,1); (3,0,3); (2); (3); (5); (13); (25)

Positions

Multiplicity, Coordinates Reflection conditions

Wyckoff letter,

Site symmetry (0,0,0)+ (0,5,5)+ (50,5)+ (53,0)+ h,k,l permutable

General:

192 A 1 (1)xyz 2) %, y+3,z+1 (B)x+iy+1i,Z @ x+49,7+1 hkl : h—+k=2nand
(5) z,x,y (6) z+1,%5,5+1 (7 2,5+ 35,y+3 ) z+1,x+1,y h+1,k+1=2n
) y,2,x (10) 5+ 4,2+ 1,% (1) y+45,7,5+4 (12) 3,2+ 4, x+ Okl @ k+-1=4nand

(13) y+3x+42+2 (4 F+45+5741 (U5 y+45+2z+2 (16) j+ix+3,z+! k1 =2n

Wil : byl =2n

(D xtietiy+d A8 T4iatiyti (INIHLIHLFHE QO x+bztsyy pot bl 2

QR z+3,y+ix+3 Q) z+iy+3ix+3 23)z+2,y+ix+: Q) Z+i 9+ 5+
25) ¥+ 3,5+3,72+32 26)x+3,y+5,72+1 QD x+31,5+5z+3F 28 x+1,y+3,z+1
29 z+3,x+3,5+2 BO)z+i,x+3,y+: BGDz+3,x+3,5+3 B2)z+i,x+45,y+3
B3)y+3,z+3,x+2 BHy+i,z+5x+2 BG5S F+i,z+ix+1 B6)y+3,z+4 5+

@7 y,5+5,2 B8 y+ix+3,z+35 (39 y+i,x2 (40) y,X,2+ 3
(41) X,2+ 3,y (42) x,Z, 5+ 5 43) x+i3,2+5,y+: (44 X+35,2y
(45) Z,y+3.x (46) 7+ 3,y,% (47) 2,5, %+ 5 (48) z+3,y+35x+3

Special: as above, plus

1 = 1 1T o 1 = 3 3 1 3 5 o 1 T4t
9% g ..2 sy +a sy +5y+3 Yty +i 59y +3 no extra conditions
o 1 1 o 3 7 o 1 3 3 1 15 5
y+a5Y y+i5Y+: Yy+o5yts y+a,5)
o 1 1 o 1 o 3 7 1 3 3 o 1 5
»y+is y+3,Y+is y+3,y+is Y, y+is
= 3 1 7 1 3 = 1 = 1 3 = 1
YTyt §HY+ 5,y sy +ay HY+ny+a
1 5 S 3 7 1 = 3 = 1 o 1 1 3
y+i3,5Y+1 Y5, Y+3 Yig:Y+a Y+i35y+i
= 3 1 5 1 7 = 1 = 3 3 o 1 1
Y+5y+i3% Y+is Y+aY5 y+uy+i3s
% f 2.. x,0,0 X 1,3 0,x,0 1.%,3 0,0,x 1,5, X hkl - h+k+1=4n
3 1 3 1 = 11 31 3 = 3 3 1 31 = 3 13 3
Xt a3 Xt X+ 354 X+ 16 HoXt3 HX T
= 3 3 3 31 1 3 = 3 3 1 31 3 3 = 3 11 3
X+ a4 X+ 357 AT Xt H XT3 HoXt3
= 1 1 1 1 =1 1 1 1 =
07-x+§a0 Eax+§7§ -x7§70 x70,§ Oaia-x anax
64 e .3. X, X, X XX+ 3,x+1 X+ix+1.x X+, x5x+1 hkl : h=2n
3 1 = 3 = 1 = 1 = 1 1 = 3 3 = 3 3 1
X+5X+g,X+ty X+, X+3,X+3 X+, X+ 5,X+7 X+ 5X+5,X+
X+3,5+3,54+3 X+ 3,x+ 5,5+ X+ 5,%+5,x+3 I+gx+3,x+7
X,)C+%,X x+%,x+%,x+% )E+%,x,)? x,f,f+%
1 1 301 1 1 13 1 1 11 3 . _—
48 d 4.. 1,0,0 $r313 0,:,0 35513 0,0,3 3353 hkl © h+k+1=4n
313 1.1 0.13 131 311 13
4929 4 49V 4 949 4 29494 49492 49 4
2 3 3 3 5 1 7 1 7 5 7 5 1 1 5 3 7 7 17 5 3 1 3 1 5 . —
32 ¢ 3. 1% SN 1% 3% $1503 $1508 $150% §1508 TR T8 S150% hkl = hk,l =4n+2
or hk,l=4n
1 1 1 7 3 5 3 5 7 5 7 3 5 5 5 7 3 1 31 7 1 7 3 . —
32 b .32 £ 813 ir3r8 $r2:8 52805 52278 2378 §:508 §1803 hkl = h,k,l=4n+2
or h,k,l=4n
16 a 23. 000 313 133 gl Bkl : h+k+1=4n
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Fd3c

ORIGIN CHOICE 1

Symmetry of special projections
Along [001] p4mm

a=1i(a—bh) b =i(a+b)
Origin at 0,0,z

Origin at x,x,x

Maximal non-isomorphic subgroups

No. 228 CONTINUED
Along [111] p6mm Along [110] p2mm
a=!(a-b—-c) b=i(-a+2b—c) a=ji(-a+b) b =jic

. /
Origin at x, x, §

| [21F43¢(219) (1; 25 3; 4, 5, 6, 75 8, 9; 10; 11; 12; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47, 48)+
[2] F4,32(210) (1;2;3;4; 5,6, 7; 8, 9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24)+
[21Fd31(Fd3,203) (1; 2;3; 4, 5; 6, 7; 8, 9; 10; 11; 12; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36)+
[31F4,/d12/c(I4,/acd, 142) (1; 2; 3; 4; 13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40)+

{[3]F41/d12/c(141/acd, 142)  (1; 2; 3; 4; 17; 18; 19; 20; 25; 26; 27; 28; 41; 42; 43; 44)+

[31F4,/d12/c(I4,/acd, 142)  (1; 2; 3; 4; 21; 22; 23; 24; 25; 26; 27; 28; 45; 46; 47; 48)+
[41F132/c(R3c, 167) (1; 5; 9; 14; 19; 24; 25; 29; 33; 38; 43; 48)+
[41F132/c(R3c, 167) (1; 6; 12; 13; 18; 24; 25; 30; 36; 37; 42; 48)+
[4]F132/c (R3¢, 167) (1; 7; 10; 13; 19; 22; 25; 31; 34; 37; 43; 46)+
[4]F132/c (R3¢, 167) (1; 8; 11; 14; 18; 22; 25; 32; 35; 38; 42; 46)+

ITIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc [27]Fd3c(a =3a,b =3b,c¢ = 3c) (228)

Minimal non-isomorphic supergroups
I none
II  [21Pn3m(a =1iab =1b,c =1lc)(224)
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CONTINUED
(from page 705)

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

29
(1) 2(5,0,5)
(5) 3+(%7%3%) eréi,x—é,x
(9) 37(3,5,5) x—g,x—5,x
(13) 2(35,3,0) x,x.3
(17) 47(3,0,0) x,5,0
(21) 47(0,5,0) 15,0
(25) 1 §.3.3
(29) §+ x+%ax+%a ’ %a%afé
(33) 37 x_%a-xaxa _%7%7%
(37) ¢ x+1,%2
(41) 4 x,0,3; 1,0,3
(45) 4° 0,y,1; 0,1,
For (1,4,0)+ set
(1) 1(3,1,0)
(5) 3%(3,5,1) x+g,xt+s,x
(9) 37(3,5,5) x+ix+gx
(13) 2(3,5.0) x,x+3.%
(17) 4°(3,0,0) x,3,0
(21) 47(0,3,0) 3.y
25 1 433
(29) 3+ 7%3 X, X5 7%7%7%
(33) 3 xx_% X3 %7_%73
(37 g(3,—3,0) x+5,%z
41) 4 x,0,0; 1,00
45) 4 1y 1,01

(2) 2(0,0,5) 0.3,z

(6) 3+(%7_é7%) f+é7x+é7i
(10) 37 x,x+3,%

(14) 2 x,%+5.5

(18) 2(0,7,3) §.y+3.y

(22) 2(%7()’%) X7i,%’x

(26) d(3,3,0) x5

(30) §+ )E—l,x—i—l,)_c, _57%7%
(34) 3- x+%,f71,f; 7%a7%a%
(38) n(3,3,3) x,x.2

(42) 8(07_%7-/1_1) -x7y+%7)7
(46) g($70a7%) x+%7yax

2) 2 0,0,z

(6) 3" X+3,x,%

(10) 3~ )C+§,f.f

(14) 2(—3,3,0) x,%+3.3
(]8) 2(07% 5) % _%ay

(22) 2’(4l OaZ) X §7x

(26) d(3,3,0) xy.3

(30) 3+ -f_]7 +%7f’ _%a_%’%
(34) 3 X+1, 7%7“?7 %a%a%

(2) 2 1i2

(6) 37 x,x,x

(]O) 37(_%%’%) x—i—é,f—i—é,i
(14) 2(4177%7 ) X,)E %7%
(18) 2(0,3,3) )y

(22) 2(3,0,5) x+3,5.x
(26) d(%’lp) x>ya%

(30) 3+ f*%,)ﬁk%,f; 7%7%7%
(34) 3 x+17f_17-f; 27_573
(38) g(%7%70) x_Ala-va
“42) a xy,y

(46) g(iiaovi) X+417y7x
(2) 2(0,0,3) 3,0,z

(6) 3" X,x+1,x

(10) 37 x,x,x

(14) 2 x,%+3,3

(18) 2(0,3,1) .y

(22) 2(%7()’%) xaéax

(26) d(1,i,0) xy5

(30) 3* f*%,)ﬁkl,f, %7%7%
(34) 3 x+%af_%af’ %?_g?%
38) ¢ x,x,2

(42) a xy+3.y

46) b xy,x

No. 228

(3) 2(0,3,0) 3.0

(7) 3+(_%7%7%) x+i7f_€a-f
A1) 37 xi+3,%,x

(15) 4°(0,0,3) 332
(19) 2 gy+35.y

(23) 4°(0,3,0) 7.3
(27) d(3,0,3) x,5.2

(31) 3+ xai—’—l?f; %7%’_5
(35) 37 x7%7f+%7X; 7%7% 7%
(39) 4 44,5 15,0

(43) n(3,3,3) xyy

(47) 4~ 33,3 3.0,3

(3)2 iy

7 3" x,x,x

(]]) 37(%%7_%) f+%7x+(1
(15) 4°(0,0,3) 3,0sz
(19) 2 §y+3.y

(23) 4°(0,5,0) 0.3
(27) d(3,0,1) x,3.2

(3]) 3+ -xa-f—’—%?-f; %a%’_g
(35) 3 f,f+1,x, 7%7%7%
(39) 47 0,3.2; 03,5

(43) a xyy

(47) 4 0,90, 0,1,0

(3) 2(07%a0) 0,)’,%

(7) 3" x+3,%,%x

(11) 3~ x,x,x

(15) 4- ( 72) %707Z
(19) 2(0, *%,%) §,y+%,)7
(23) 47(0,3,0) =33
(27) d(3,0,5) x4z

(1) 3% x+4,5+5,% 3,355
(35) 37 £,E+3,5 =38
(39) 4~ 0,0,z; 0,0,1

(43) g(0,3,5) xy+i.y
@47 4 1y—i 10,4

(3)2 0,0

(7) 3" x+3,%—3,%

(11) 37 x43,%435,x

(15) 4- (O OM) %’_Zaz
87y+27y

N—
~

2,x+1 X, —
(35) 3- X+5,)E+1,x; ;,
(39) ZI.* 7%7}77& 7%’%’0
(43) g( ’47%) x’yle_uy
@47 4 390; 3,1,0

ol coi—

(4) 2(3,0,0) x,0,3

(8) 3+(%7%7_%) X—’—é?f—i_
(12) 37 x—3,x+1,%

(16) 47(0,0,3) 0,5,z
(20) 4+(3,0,0) x,0,3
(24) 2 Xti,5,x

(28) d(0,3,3) 5.2

(32) 3+ -f+17-fa-x’ %7_27%
(36) 37 .f‘l’l,X*%,f, %77é

(40) 4 0,0,; 0,0,
(44) 3 x,0,0; 1,0,0
(48) n(3,3.3) xy.x

4) 2(3,0,0) x,3,0
(8) 3" x43,5+35,x

(12) 3~ Xxi

(16) 4+( Z) 4727Z
(20) 4°(5,0,0) x,0,5
(24) 2(—=1,0,7) Ft3,5,x
(28) d(0,5,3) 5.2

(32) 3" x+1,54+5,x 3,53
(36) 37 f+%,x,f; %7%77%
(40) 4" 1,52 1,1,0

(44) Zﬁ X,%,O; %a%ao

(48) g(5,0,3) x+iyx
@ 2 x,0,0

8) 3" x,x+1,x

(12) 37 x,x+3,%

(16) 47(0,0,3) —i.3.2
(20) 4°(3,0, 0) X,33

24) 2 x+34,x

(28) d(0,3,3) 3.z

(32) 3+ x+27_7217X; %77%
(36) 37 -x+27 +Eai. %?%?%
(40) Z"+ %a_%az; 417_%,0
(44) 4" x,3,35 0,1,3

“48) b x,y,x

) 2 X535

8) 3" x,x,x

(12) 3- (% 7%7%) X*é,x+
(16) 47(0,0,1) 0,7,z
(20) 4+ (% 070) x774l7%
(24) 2(1% 7_%) X—’—%?%ax
(28) d(0,5,3) 3.2

(32) 3* x+%7X7X; %77%7%
(36) 3" X—"]?x?i. %7%?_§
(40) 4+ 4



Cubic

Fd3c

No. 228

Patterson symmetry Fm3m

ORIGIN CHOICE 2

Upper left quadrant only

Upper half of unit cell

Lower half of unit cell
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CONTINUED

Origin at centre (3), at 3,2, from 23

Asymmetric unit -
Vertices -

Symmetry operations
(given on page 711)

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(0,31,3); #(3,0,3

Positions

Multiplicity, Coordinates

Wyckoff letter, . 1 1 o

Site symmetry (07070)+ (0757E)+ (57075)+ (57570)+

192 h 1 (1)xyz Q) x+5,y+52+: Q) F+i,y+3,7+;
(5) z,x,y 6) z+5,%+3,5+7 (DZ+55+5,y+3
©) y,z,x (10) y+ 3,2+ 5,8+ (A1) y+3,72+ 5,5+

(13) y+3,x+13,2
A7) x+3,z2+ 3,9
QD z+3,y+:,%

(14) §+ 3,5+ 13,2+3
(18) X,z+ 3,y +1
(22) z+ 3,9, x+ 3

(15) y+1,%,2+ 13
(19) X+3,2+3,9+3
(23) Z,y+3,x+1

(25) X,9,Z 26) x+3,y+1,2+35 QD x+5,5+35,2+3
(29) z,x,y B0 z+s5,x+3,y+3 GDz+3,x+3,5+3
(33) y,z,% GHy+i,2+s5,x+37 B y+s5,2+5,x+7

(B8 y+i,x+3,2+3
(42) x, 2+ 5,5 +1
(46) Z+ 3,5, X+ 3

(39) 7+ 3,52 +3
(43) x+ 4,24+ 4,y +14
(A7) 2,3+ 5,843

1 = = 3 o 1 1 1 1 3 o 1
96 8 2 Yy 07)"“1’)""5 57y+57y+1 Zay+37y+
I | > 1 = 3 1 1 1 3 3 5
¥Vy3:Y y+3,0,5+1 y+i,5,y+s3 y+i3,y+
o o 3 o 1 1 1 1 o 1 3
A y+3.9+30  y+siy+is Yyt
3 = 1 1 1 o 1 o 3 1 3 o
Yy 0>y+2vy+§ §7y+§7y+Z Zay+27y+
3 o 1 1 = 3 1 = 1 = 1 1
Y5,y y+§a0ay+2 y+Za§7y+§ y+ZaZ>y+
= 3 1 1 = 1 = 3 1 3 = 1
RZRZN y+Zay+570 y+5ay+Z>5 y+Zay+Za
1 1 = 1 5 5 1 1 5 = 1 5 1
9% f 2.. X558 X+35% §1%5 % §: X+ 3,3 B
7 1 7 3 = 1 3 3 3 7 = 7 3 7
# X+ a5 5 X+ 3,5 X+3,5:% X553 §
=7 17 3 3 3 7 = 7 3 3 3 7
X555 X+3,5:5 5% § 5X+ 3,5 3
1 = 3 1 5 1 5 = 1 5 1 1 5 1
X+ a5 Xt 3% X+ 2,85 X, 55§ 5
S 1 =03 1 =3 Loz ]
64 e .3. X,X,X X+ 5,Xx+3,x4+3 X+3,x+3,x+3
3 1 = = 1 = 1 = 1 1 = 3
Xt+5Xx+5,X  X+5,X+3,0+3 X+ g, %,x+ 3
= o = 3 1 = 1 1 = 1 3
X, X, X X+ 5,X+3,X+3 X+ 5,X+5,x+3
-, 1 =, 3 1 1 1 3 =1
x+Zax+Zax x+§ax+§7x+5 x+37x7x+4
1 7 1 1 3 55 17 1 5 35 11 7 5 5 3
48 d 4.. $ 8% ST 81813 383 81813 3853
7107 30503 531 1703 731 3703
87878 87878 87878 87878 87878 87878
2 1 3 1 31 1 1 1 3 31 11 1
32 ¢ 3. 0,0,0 i 133 STETE H50 33352
1 1 1 1 3 1 3 3 1 3 3 3 1 1
32 b 32 473912 07573 iaZao Zaoai 19491 OaE,Z
1 1 1 7 3 7 7 7 17 1 5 1
16 a 23. § 8,3 $r 813 853 8813
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No. 228

@ x+35,9+71,2+13
@) Z+5,x+35,9+1
(12) 4+ 1,2+ 3,x+ 3
(16) y,x+3,z+1
(20) x+ 4,7,y + 2
24) 7+ 5.5+ 3,5+3
(28) x+ 3, y+3,z2+1
(32) z+ 3, x+5,y+3
36) y+3,z+ 5,5+
(40) y,x+ 1,7+ 3
44) x+3,2,5+1
(48) z+ 35,y +3,x+3

SRR RS
SRR SRS
ERNN S EEE
PR 2%
X3 E T
Toxt 3t

b3 )
B N

) (2); (3); (5); (13); (25)

Reflection conditions

h,k,l permutable
General:

hkl : h+k=2nand
h+1Lk+1="2n
k+1=4nand
k,l=2n
h,l=2n
h=4n

Okl :

hhl :
h00 :

Special: as above, plus

no extra conditions

hkl : h+k+1=4n

hkl : h=2n

hkl : h+k+1=4n

hkl = hk,l=4n+2
or h,k,l=4n

hkl : hk,l =4n+2
or h,k,l=4n

hkl : h+k+1=4n



Fd3c

ORIGIN CHOICE 2

Symmetry of special projections
Along [001] p4mm

a=1i(a—bh) b =i(a+b)
Origin at 3,2,z

Origin at x,x,x

Maximal non-isomorphic subgroups

No. 228 CONTINUED
Along [111] p6mm Along [110] p2mm
a=!(a-b—-c) b=i(-a+2b—c) a=ji(-a+b) b =jic

Origin at x,x,0

| [21F43¢(219) (1; 25 3; 4, 5, 6, 75 8, 9; 10; 11; 12; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47, 48)+
[2] F4,32(210) (1;2;3;4; 5,6, 7; 8, 9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24)+
[21Fd31(Fd3,203) (1; 2;3; 4, 5; 6, 7; 8, 9; 10; 11; 12; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36)+
[31F4,/d12/c(I4,/acd, 142) (1; 2; 3; 4; 13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40)+

{[3]F41/d12/c(141/acd, 142)  (1; 2; 3; 4; 17; 18; 19; 20; 25; 26; 27; 28; 41; 42; 43; 44)+

[31F4,/d12/c(I4,/acd, 142)  (1; 2; 3; 4; 21; 22; 23; 24; 25; 26; 27; 28; 45; 46; 47; 48)+
[41F132/c(R3c, 167) (1; 5; 9; 14; 19; 24; 25; 29; 33; 38; 43; 48)+
[41F132/c(R3c, 167) (1; 6; 12; 13; 18; 24; 25; 30; 36; 37; 42; 48)+
[4]F132/c (R3¢, 167) (1; 7; 10; 13; 19; 22; 25; 31; 34; 37; 43; 46)+
[4]F132/c (R3¢, 167) (1; 8; 11; 14; 18; 22; 25; 32; 35; 38; 42; 46)+

ITIa none

IIb none

Maximal isomorphic subgroups of lowest index
IIc [27]Fd3c(a =3a,b =3b,c¢ = 3c) (228)

Minimal non-isomorphic supergroups
I none
II  [21Pn3m(a =1iab =1b,c =1lc)(224)
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CONTINUED
(from page 709)

Symmetry operations

For (0,0,0)+ set

() 1

®) 3" x,x,x

9 3 x,x,

(13) 2(3,3

(17) 4-(3
©

x
) ) X,X*%,
0 ) .X,%,—
Z ) %7%7
(25) 1 0,0,0

(29) 3+ x,x,x; 0,0,0
(33) 3- xxx 0,0,0
(37) g(—=1,1,0) x+3,%z
(41) 4 7373 3

2
)

201 ool — "=

5
For (0,3,7)+ set
(1) 1(0,5,3)
(5) 3+(%7%a%) X*%,X*é,x
(9) 37(3,5,5) x—g,x+g,x
(13) 2(5,3,0) x,x,3
(17) 47(%7070) x7%7_%
(21) 4_"+(0a%70) %7ya7%
(25) 1 0,53
(29) 3" x,x+4,x; 0,3,0

29
(1) 1(5,0,3)
(5) 3+(%7%3%) eréi,x—é,x
(9) 37(%7%7%) x_%rx_%rx
(13) 2(1,5,0) xx,}
(17) 4°(1,0,0) x3,!
(21) 4°(0,4,0) 3.
(25) 1 3,0,
(29) 37 x—%,xf%,x; 0703%
(33) 3" x+3,x,x 50,0
(37) ¢ x+i,%z
@41 & xibi i
(45) & nd bis
For (1,1,0)+ set
(1) 1(35,3,0)
(5) 3°(5,5,3) x+g,xt5,x
(9) 37(3,5,5) x+ixt+gx
(13) 2(3,5,0) x,x+3,0
(17) 47(%7030) X,%,*%
(21) 4+<0a%>0) %7)7’_%
25 1 44,0
(29) 3% x+3,%,x; 5,0,0
(33) 3~ x,x+4,x; 0,30
(37) 8(4,7170) X+%,X,Z

(2) 2(0707%) %7%7Z

(6) 3+(%7_%7%) i+é7x+%7i
(10) 37 x+34,%+1,%

(14) 2 x,%+3,3

(18) 2(0,5,5) O.y+3.y
(22) 2(%?07%) X*%,O,X
(26) d(3,3.0) xy.3

(30) 3" F—Loa+i,8 —54.3
(34) 37 x+%,f*1,f; Oaiia%
(38) n(3,3,3) x,x.2

(42) 8(07_%,%) x,y—i—%,y
(46) g(iv077i) f+%ay7x
)2 532

(14) 2(%a7 70) x7f+zlx70
(18) Z(Oazl> ) 07}’_%’
(22) 2(3,0,5) x,5,x
(26) d(2,3,0) x0
(30) 3+ f_lax—’—%ri; _%,0,%
(34) 37 X+%,f*%,f, 07741741_1
(38) g(3,3.0) x+3,x2

1

X
1) xS E

(10) 37<_%7%7%

(14) 2(7417%7 ) x,f+%,0
(18) 2(0,3,3) .3y
(22) 2(5,0,5) x+3,0,x
(26) d(3,3,0) x50

(30) 3+ iiiax+4a - 703
(34) 37 x+3,5-1,% §,—1,
(38) g(lea%a0> x—%,x,z
(42) a xy+3.5

(46) g(,%70’41) i+%ayax

IS

Ziw miw

(2) 2(0,0,3) 3,
(6) 3" xX,x+3i,x
(10) 3~ x+1,%x

1
Y4

x,y+3.5
(46) b T+1yx

No. 228

(3) 2(0,1,0) %ayvé

(7) 3+(_%7%7%) x—f—:—z,f—%,f
(11) 37 x+3,7+1,x

(15) 47(070&) %77%@

(19) 2 3.y+35.y

(23) 47(07%70) 7%7)’7%
(27) d(3,0,3) x,3.2

(31) 3% x5, 8415 53,5
(35) 37 xilﬂf‘i’%ﬂv; 7417%70
(39) 4 33,2 i

(43) n(3,5,5) xyy

(47) 4 30,5 $o5%

~
(9%
~
[\S)
wlw
=
ool

~~
N |
N
w
2

=

+
|5

(11) 37(3,5,

(15) 4°(0,0,3) 3.5.2

(19) 2 3y¥

(23) 47(0741_170) 7%7))7%
(27) d(3,0,5) x,0.z

(31) 3+ X—%,f—f—%,f, 07%a_%
(35) 37 x+%7f+§7X; 7%7%7%
(39) 4" §.3.2 5,85

(3) 2(0,5,0) 1.3
(7) 3" x+3,%,%

(11) 37 x43,7+1,x
(15) 4°(0,0,5) §,—32

(19) 2(0 ZafK) 07 +47y
(23) 47( 7%70 _%?yvx

(27) d(3,0,3) x3.2

(31) 3+ 7%7)24»%7)?7 07%77%
(35) 3 -x_%a-f—’—%?-x: _%a%ao
(39) 4 é,é, %,%,%

(3) 2 s

(7) 3" x+3,8—3,%
(11) 37 x43,%47,x
(15) 47(0?03) %?_gaz

1
(27) d(3,0,3) x,0,2
Bl 3" x—3,3+1,% 0,3,
(35) 3~ x—1,%+1,0 —1,5,0
(39) Z].* 7%7%71; 7%7%7%
(43) g(oazlui) xvyfle’y
(47) 4 3.5 §.8%
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(32) 3+ -x+45n-f+%7)‘:; %a_%a%
(36) 3~ x+1,x—1,% 2,0,—1
(40) 4* 11,z
(44) 4+ x,
(48) n(s,s

(4) 2(%?070) x?%?%
(8) 37 x+3,x+3.x
(12) 3~ x,x+35,%

(16) 4+(0707%) 7% %Z
(20) 4(5,0,0) x,5.3

(24) 2(%7 7741) +% O
(28) d(0,5,3) 1.2

(32) 3+ X—’—%a-f_%?x’ %a_%ao
(36) 37 f+%,X*%,f, %707742
(40) 4 5,5.2 3,505

(44) 47 X,5,55 31305

(48) g(5,0,5) xti.yx

® 2 x;5,3

(8) 3" X+, X+i,x

(12) 3~ %,x+3,%

(16) 4+(0707%) 7%7%72
(20) 47(3,0,0) x,—5.3

24) 2 Xi.x

(28) d(0,7,3) O,z

(32) 3+ X+Zax7417X; %77%70
(36) 37 .f—f—%,.x—%,f; iao?_le
(40) Zﬁ %a_éaz; %?_évé
(44) 47 X,5,55 5,303

48) b xy.x

2 x33

(8) 3" X3, 5+3,x
1
3

(12) 3- ( %7%) xfé,)C‘FZ_z,)E
(16) 4(0,0,3) 5,52
(20) 4+(% 0) *gl

(36) 3 x+1,x+i,x; L=t
40) 4* 5,2 3,508

(44) Zﬁ xa%afév %7%77%
(48) g(%aoa%) X—%,y’x
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— 9 _
Im3m O, m3m Cubic
No. 229 I 4 / m 3 2 / m Patterson symmetry /m3m

— a8 Lg— 43

Origin at centre (m3m)

Asymmetric unit 0<
0,0

<3 0<y<i 0<z<i y<x z<min(;—xy)
Vertices 0 1

Symmetry operations
(given on page 714)
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CONTINUED No. 229 Im3m

Generators selected (1); 7(1,0,0); 7(0,1,0); #(0,0,1); #(3,3,3); (2); (3); (5); (13); (25)

k]

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, L
Site symmetry (0,0,0)+  (3,7,3)+ h,k,l permutable
General:
9% [ 1 1) x,y,z (2) x,9,2 3) x,y,Z 4 x,9,Z hkl ©: h+k+1=2n
() z,x,y (6) z,%,y (7) Z,%,y (8) Z,x,y Okl = k+1=2n
) y,z,x (10) 3,z,% (11) y,Z,% (12) 3,Z,x hhl = 1 =2n
(13) y,x,Z (14) 3.%,7 (15) %,z (16) 3,x,2 hOO: h=2n
A7) x,z,y (18) x,z,y (19) x,z,y (20) x,z,y
2D z,y,x (22) z,y,x (23) Z,y,x (24) z,y,x
(25) %,3,2 (26) x,y,Z (27) x,3,z (28) x,y,2
(29) z,%,y (30) z,x,y (B z,x,y (32) z,x,y
(33) y,%,% (34 y,z,x (35) y,z,x (36) y,z,%
(37) y,%,z (38) y,x,z (39) y,x,Z (40) y,x,Z
(41) x,z,y (42) x,z,y (43) x,z,y (44) x,z,y
(45) z,y,x (40) Z,y,x (47) z,y,x (48) z,y,x
Special: as above, plus
48 k ..m X,X,2 X, X,z X,x,Z X, X,z Z,X,X Z,X,X no extra conditions
Z,X,X Z,X,X X,2,X X,2,X X,Z,X X,Z,Xx
X,X,Z X, X,z X, X,z X,X,2 X,2,X X,2,X
X,Z,% X,Z,X Z,X, X Z,%,X Z,X,x Z,%,X
48 j m.. 0,y,z 0,9,z 0,y,z 0,9,z 7,0,y 7,0,y no extra conditions
7,0,y 7,0,y »2,0 ¥,2,0 »2,0 ¥.2,0
y707z .)_}7072 y’O’Z .)_}707Z O’Z’}_} O7Z7y
0,z,y 0,z,y 2,0 z,5,0 y,0 z,5,0
48 i .2 LYY+ LI+ LYY+ LYY+ no extra conditions
V54 y+54.9 Y13y y+i5,5.¥
VIt Vy+i,3 »y+i,3 Vvt
LYY+ LYY+ LYY+ LYY+
yt+i,1.) Y+, 5y y+i3,5) V+1,5y
Voy+i.i »Yy+i.a VY455 WY+
24 h m.m2 0,y,y 0,9,y 0,y,y 0,9,y v,0,y 0,y no extra conditions
7,0,y ¥,0,y »,%,0 ¥,%,0 »,5,0 ¥,5,0
24 ¢ mm?2.. x,0,3 x,0,1 3,%,0 1,%,0 0,3,x 0,3,x no extra conditions
07‘x’% 07‘f’% ‘x’%70 X’%70 %’O’X %’Oﬁx
16 f .3m X, X, X X, X,x X, x,Xx X, X, X no extra conditions
X, X, X X, X, X X, X, X X, X, X
12 e 4m.m x,0,0 x,0,0 0,x,0 0,%,0 0,0,x 0,0,x no extra conditions
12 d 4m.2 10,1 20,1 1o 130 0,41 0,12 no extra conditions
8 ¢ .3m %v%7% %7%7% %?%a% %v%a% hkl : k,1 =2n
6 b 4/mm.m 0,5, 10,3 1,50 no extra conditions
2 a m3m 0,0,0 no extra conditions
Symmetry of special projections
Along [001] p4dmm Along [111] p6mm Along [110] p2mm
a =1i(a—bh) b =1(a+b) a=12a—-b-c¢) b =4i(-a+2b—c) a =ji(—a+b) b =ic
Origin at 0,0,z Origin at x,x,x Origin at x,x,0
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No. 229

Maximal non-isomorphic subgroups

I [21743m (217)
[217432(211)

[21Im3 1 (Im3, 204)
[3114/m12/m(I4/mmm, 139)
{[3]]4/m12/m(14/mmm, 139)
[3114/m12/m(14/mmm, 139)
[411132/m (R3m, 166)
[411132/m (R3m, 166)
[411132/m (R3m, 166)
[411132/m (R3m, 166)

Ila [2]Pn3m(224)
[2]1 Pm3n(223)
[2]1 Pn3n(222)
[21Pm3m (221)
IIb none

s

>

b}

bl

3

3

. .3;
3
3
3

k)

(1; 2
(1; 2
(1; 2
(1’ 27
(1; 2; 3;
(I; 5
(1; 6
(1; 7
(1; 8

b} bl

b}

k)

s

s

4
4
4

k]
k]

b}

>

4;
4;
4:

bl

5
5;
5

s

E)

CONTINUED

; 8:9; 10; 115 12; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47; 48)+
; 8,9, 10; 115 125 13; 14; 15; 165 17; 18; 19; 20; 21; 22; 23; 24)+

8, 9; 10; 11; 12; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36)+
13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40)+
17; 18; 19; 20; 25; 26; 27; 28; 41; 42; 43; 44)+
21; 22; 23; 24; 25; 26; 27; 28; 45; 46; 47; 48)+

3 9; 145 19; 24; 25; 29; 33; 38; 43; 48)+

; 125 135 18; 24; 25; 30; 36; 37; 42; 48)+
; 10; 13; 19; 22; 25; 31; 34; 37; 43; 46)+
; 11; 145 18; 22; 25; 32; 35; 38; 42; 46)+

1;2;3;4;5;6; 7; 8;9; 10; 11; 12; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47, 48; (13; 14; 15;

16; 17; 18; 19; 20; 21; 22; 23; 24; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36) + (

111
21292

)

1;2;3;4;5;6; 7; 8;9; 10; 11; 12; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36; (13; 14; 15

16; 17; 18; 19; 20; 21; 22; 23; 24; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47; 48) + (

111
29292

)

1;2;3;4;5;6;7; 8, 9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24; (25; 26; 27

28; 29; 30; 31; 32; 33; 34; 35; 36; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47; 48) + (

111
21292

)

1;2;3;4;5;,6;7;8;,9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24; 25; 26;

27; 28; 29; 30; 31; 32; 33; 34; 35; 36; 37; 38; 39; 40; 41, 42; 43; 44, 45; 46; 47; 48

Maximal isomorphic subgroups of lowest index

Ilc

[271Im3m (a’ = 3a,b’ = 3b,c¢ = 3c) (229)

Minimal non-isomorphic supergroups

| none

II [4]1Pm3m(a = la, b/ = ilb,¢ = lc) (221)

Symmetry operations

For (0,0,0)+ set
() 1
(6) 3*
9 37 x,x,x

(13) 2 x,x,0

(17) 4 x,0,0

(21) 47 0,0

25) 1 0,0,0

(29) 3* x,x,x; 0,0,0

(33) 3~ x,x,x; 0,0,0

37 m x,xz

4~ x,0,0; 0,0,0

0,y,0; 0,0,0

X,X,X

7

(37) ¢ x+15z

(41) & x0.5 1,0
0

)2 0,0,z
6) 3" x,x,%x
(10) 37 x,x,x
(14) 2 x,x,0
(183) 2 O,y
22) 2 x,0,x
(26) m x,y,0
(30) 3* %,x,%; 0,0,0
(34) 3 x,%,% 0,0,0
38 m
42) m
46) m x

A
o
~
\]
=
1
+
1=
3< PN

SRR IR =Tl
ST
- ST

(38) n(3,3,5) xx,
(42) a xy+3.y
(46) b x+3.y,x

_A|H$Vp|_
=
+ T
W= ] =
“><| -

Bl— Bl—

INTRENTN

(32 00

(7) 3* x,%,%

(11) 3~ %,%,x

(15) 4~ 0,0,z

(19) 2 0,y,y

(23) 47 0,90

27 m x,0,z

31 3* x,%,% 0,0,0
(35) 37 x,%,x; 0,0,0
(39) 4~ 0,0,z; 0,0,0
(43) m x.y,y

47) 4~ 0,9,0; 0,0,0
(3) 2(0,5,0) .y:3
(7) 3+<_%aé?é) x+§a
(11) 37((1;7(1;7761) X+%7
(15) 4°(0,0,5) 3,02
(19) 2 3.y+3.7
(23) 47(0,5,0) 0,y,5
27 n(3,0,3) x,5.2
(1) 3* x,7+1,% 1,3,
(35) 37 x,x+1,x; —1,
(39) 4~ 0,3,2; 0,3,4
(43) n(5,5,5) xyy
47) 4= 390; 5,5,0
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x,0,0
®) 3* x,x,x
X, X, X
0,0,z
(20) 4* x,0,0
%,0,x
0,32
(32) 3* x,%x; 0,0,0
3~ %,x,% 0,0,0
0,0,z; 0,0,0
(44) 4* x,0,0; 0,0,0
XY, X
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CONTINUED

Symmetry operations
(given on page 715)

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

(1); £(1,0,0); ¢(0,1,0); ¢(0,0,1); #(

Coordinates

(0,0,0)+ (5,7.1)+

9% h 1 (Dxyz 2)x+3,9,z+1
(5) z,x,y (6) z+ 5,5+ 1,7
) y,z,x (10) y,z+3,X+1
(13) y+3,x+4,z+4 (14) 7+ 3,x+3,7+ 3
(A x+3,z+55+% (A8 x+3i,z+2,y+1
QD z+3,y+4x+1 22 z+4y+4x+3
(25) %,9,2 (26) x+ 3,y,Z+ 3
(29) 7,%,¥ (30) Z+3,x+ 3,y
(33) y,7,% (B4) y, 7+ 3,x+3
BN y+i1,x+2,z+2 B8 y+1,x+4i,2+1
@D x+iz+3y+3 @) x+3,7+0 542
45) z+1 5+ x+3 46)z+3,y+3ix+1
48 g .2 pyyti o I+ iyt
Jtoeny  FHLEY vyt
»tos  BI+tiLi y+iy+t
HIRYFI O LyyFi o nyELI+
y+59  y+tngy It
yyt+inis o yytni VELI+G
48 f 2. x,0, 1 ¥+30,7  1,x0
Hx+1,0 HE+ 1,3 X+71,3,7
x,0,2 x+14,0,1 3,
»HX+1,0 X+, ¥+1,5,1
32 e .3. X,X,X X+ 3,.%,x+1
X+ 35X+ 58+ FHLE+HLE]
X%, % X+ 3,5+ 3
T+ +5x+7 x+tpx+nxtg
24 d 4.. $,0,1 1,03 4,3,0 50
13,0 183 $13:7 30,7
24 ¢ 2.22 £,0,1 2,0,3 43,0 3,30
$0,3 0,7 150 1,30
16 b 32 %7%?% %7%7% %?%7% %7%7%
16 a .3. 0,0,0 10,1 0,11 110

(Continued on page 715)
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Q) xy+Liz+1
(7)) z+45,%5,y+
(1) y+3,7+35,%
(15) y+ 1,5+ 4,242
(19) x+3,7+ 3,7+ 2
23) Z+ 1,y +3,x+1
Q7 x,y+5z+1
Gl z+3,x5+1
(35) y+14,z+35,x
B9 J+3,x+3,7+1
43)x+i,z+5,y+1
@47 z+3,5+5,5+3
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No. 230 la3d

) (2); (3); (5); (13); (25)

Reflection conditions

h,k,l permutable
General:

@ x+3,9+3,2 hkl = h+k+1="2n

®) 7, x+1,75+14 Okl : k,l=2n

(12) 3+ 3,Z,x+3 hhl : 2h+1=4n
h00: h=4n

(16) y+4,x+3,z+1
(20) x+ 1,2+ 1,y +1
4) z+3,5+3,5+1
(28) X+ 3,y + 1,2
(32) z,x+ 3,y +3
(36) y+ 1,2, 5+
40) y+ 3, X+5,2+3
44 x+3,z+2,9+1
(48) z+ 5,y +3,x+3

Special: as above, plus

hkl : h=2n+1
or h=4n
0,3,x+3 hkl : 2h+1=4n
+1 31X+ 3
0,4,x+1
+i 0 oAty
X+3,X+3,% hkl : h=2n+1
F+ix+3,x+5 or h+k+1=4n
R+l
X 3T T
hkl © hk=2n, h+k+1=4n
or hk=2n+1,l=4n+2
or h=28n, k=8n+4and
h+k+l=4n+2
év%a% %7%7% hkl © hok=2n+1,l=4n+2
or hk,l=4n
%’%7% %’%’% hkl : h,k:2n,h+k+l:4n



CONTINUED
(from page 717)

Symmetry of special projections

Along [001] p4mm
a=1a b =1
Origin at 1,0,z

Along [111] p6mm

=1(2a—b—c) b =

Origin at x,x,x

Maximal non-isomorphic subgroups

I [21143d (220)
[2]114,32(214)
[211a31 (Ia3,206)

[3114,/a12/d (I4,/acd, 142)

[3114,/a12/d (14, /acd, 142)
{ [3114,/a12/d (I4,/acd, 142)

[4]11132/d (R3¢, 167)
[4]11132/d (R3¢, 167)
[4]11132/d (R3¢, 167)
[4]11132/d (R3¢, 167)
IIa none
IIb none

;4565 75
;45,6 7;
4;5;6;7

s >

>

s

;3
; 3
5 35
; 3;
; 3;
3;

s

suiesiieaiiosiioeiiosiiosioailoaies

Py

Maximal isomorphic subgroups of lowest index
IIc [27]1a3d (a =3a,b' =3b,c = 3c) (230)

Minimal non-isomorphic supergroups

I none

II [41Pm3n(a =iab =

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

(1) 1

5) 3" x,x,x

©) 37 x,x,x

(13) 2(%a 9 ) X, X _%%
(17) 4°(3 0 0) ,470
21) 47(0,5,0) 3.y,—
(25) 1 0,0,0
(29) 3* x,x,x; 0,0,0
(33) 37 x,x,x; 0,0,0
(37) d(iﬁnlu%) x+2,f,Z
41) 4- x04, 10,3

1
2
’

(45) 4+ 47)%2, _Za%a%
For (3,3,5)+ set

(1) 1(5,3,5)

(5) 3°(3,33) xx,x
9) 37(3,5,3) xxx
(13) 2(3,7,0) x,x+3,3
(17) 47(5,0,0) x,3,0
21) 4°(0.2,0) L.t
(25) 1 153

(29) 3" Xy X, X5 %a%>%
(33) 37 x,x,%; 1,5,5
(37) d(3,—3,3) xt1,52
41) 4- xO 1 3,01
(45) 4+ 43y727 %7%7%

3b,¢' = 3¢)(223)

(2) 2(0707%) JI,O,Z

(6) 3" X+3,x,%
(10) 37(7%7%7%) X+%,f+é,f
(14) 2 x,3+3.3
(18) 2(0,3,3) >+,
(22) 2(%703%) )C*%,%,x
(26) a x5
(30) 3* x—1 x+1
(34) 37 x+i,8—14
i) X,x2

;i) xy+iy
(46) d( %7_%> X—i_%ay?x

A
(U]
S
N
[T
+
=
|
=
=
|
IS}
|
IS}
AP

(34) 3 x+%,f7%,f; %77% %

(38) d(3.3,3) xxz
%417_1) xay—’—%a)_)

HI_HZ) )E+%,y,x

(—a+2b—c¢)

No. 230

la3d

Along [110] c2mm

a'=ji(—a+b)

1
bI—EC

Origin at x,x+ 1,4

4; 13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40)+
; 45 17; 18; 19; 20; 25; 26; 27; 28; 41; 42; 43; 44)+

4; 21; 22; 23; 24; 25; 26; 27; 28; 45; 46; 47; 48)+
9; 14; 19; 24; 25; 29; 33; 38; 43; 48)+
; 12; 13; 18; 24; 25; 30; 36; 37; 42; 48)+
; 105 135 19; 22; 25; 31; 34; 37, 43; 46)+
; 11 145 18; 22; 25; 32; 35; 38; 42; 46)+

(3) 2(0,3,0) 0.y,
(7) 3" x+3,8—3,%
(11) 37(%7%77%) f+% (I_J X

(15) 4°(0,0,7) 1,0z
(19) 2 %,er%,y

(23) 4’(0,%,0) 0.y,
27 ¢ x312

(31) 3+ x+2,x+2, s 5?5?
(35) 37 %,x+4,x, 0,10
(39) 4 0,3,z 0,3,

(43) d(3,1,5) xpy
@47 4 15,05 1,50

(3)2 330

(7) 3+(7é7é7%) X+é,f+é,f
(11) 37(_(1_37_617(1_3) X—’—%?x—’—(n
(15) 4°(0,0,3) 3,0.z

(19) 2 gy+5.¥

(23) 47(0,1,0) 0,3

27) a x,0,z
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; 105 115 12; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47; 48)+
; 10; 11; 12; 13; 145 15; 16; 17; 18; 19; 20; 21; 22; 23; 24)+
; 10; 115 12; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36)+

(12) 37(%77%7% )
(16) 4+<0a07%) _%a%az
(20) 4+(J7,0,O) X,*%,%
(24) 2 x+i,5,x

(28) b 1.y.z
(32) 3" X+1,%+3,x%; 3,0,3
(36) 3~ ¥+3,x,% 35,0,

~

N

(=)

N—
(]

T

ol
P

&
ol
\

ENES

PR

/-\
W
\S]

~
V)

+
=
=

IS

= 1 .1
X 2,X 1,75

(36) 3~ Xt1,x,% 1.4,

=
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