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Geometrical Symbols for All Crystallographic Symmetry Groups up to Three Dimensions
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A complete list of the individual symmetry groups belonging to all sets of such groups up to three
dimensions is given, each set being characterized by symbols as agreed upon by the Commission on
International Tables and each symmetry group by a symbol closely connected with the international
space group symbols. Each set is characterized by the reducibility of the matrices of the transformations
of space corresponding to the symmetry operations.

As pointed out elsewhere (Bohm & Dornberger-Schiff,
1966) the different kinds of symmetry group — not only
the purely geometrical groups but also those including
antisymmetry and other generalized symmetry — may
be described and symbolized as geometrical symmetry
groups. It is of advantage to have easily understand-
able symbols for the different sets of symmetry groups
— differing e.g. in their dimensions of extension or
periodicity — and also for the individual symmetry
groups of these sets.

In the following a complete list of the symmetry
groups of all sets up to three dimensions is given. In
Tables 1 and 2 symbols for these sets are used (symbols
%) as agreed upon by the Commission on International
Tables and originally proposed by Niggli (1966). For
comparison, symbols for the sets proposed some time
ago by one of the present authors (Bohm, 1963) are
given (symbols G).

Because we included the possibility that one or more
dimensions have a non-geometrical meaning, subsets

of symmetry groups are of importance in which some
of the directions (although all with or all without
periodicity) are not exchanged by the transformations
of the groups. This is indicated in the symbol of the
subset by enumerating separately the dimensions which
do not exchange (see below).

The matrices representing the symmetry groups of
such a set are at least reducible in a characteristic way
indicated in the line below the G-symbols. Matrices with
4 or 3 rows respectively are used in which the last
column gives the translational components.

All symbols for the symmetry groups are deduced
from the (full) international space group symbols in
the following way: The symbols for the symmetry
elements retain their well-known meaning. Symmetry
elements referred to directions of missing periodicity
are enclosed in round brackets. If two or more such
directions of missing periodicity exist, and if exchange
of these directions is possible within the particular set,
the corresponding symmetry symbols are enclosed in
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FOR ALL

CRYSTALLOGRAPHIC SYMMETRY GROUPS

Table 1. The three-dimen

Symbol after Niggli @3 @2 K
Symbol after Bohm G, Gi» G
+++|+ ++ 0]+ + + ++ +]0
Formof matrices | T + T | T F A0+ 0 1 0 ++ +1]0
++ + |+ 00 +]0 0 | o ++ +]0
0 0 01 0 0 01 0 1 00 071
Short Short
space group  No. Full symbol No Symbol No No. Symbol symbol
P1 1 P111 1 P11(1) 1 1 111 1
PT 2 PTIT 2 PTI(D) 2 2 (I T
Pm 3 Plml 3 Pl1m(1) 3 3 (1ml) m
4 P11(m) 4
Pc 4 Plcl 5 Pla(l) 5
6 P11(b)
Cm 5 Clml 7 Clm(1)
Ce 6 Clel
P2 7 P121 8 P12(1) 6 4 121 2
9 P11(2) 7
P2, 8 Pl12,1 10 P124(1)
8
Cc2 % C121 11 C12(1)
Pl 10 P12y 2 Pl 9 5 (1_1) 2
m m m m
13 Pll(i 10
m
Pﬁ 11 Pl—z—ll 14 Plﬁ(l)
m m m
11
C—2— 12 Clil 15 C1—2—(1)
m m m
P—Z— 13 P1 i1 16 Pl i(1) 12
¢ ¢ a
2
17 P11 (-F
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sional symmetry groups
G @21 g1l @11 g1t 230
G320=G30 Gia1 G310
+ 4+ 0]0 + + ., 0 |0 -_(~_|_0 0 | + + 0___,.0__i + 0 0 -+ j___._‘_p“ 0|0
++ 0o ++'olo 0 F 0| +F 0 + 0|+ 0o " +'o0l0 07+ oo
00 ¥]o <lo ) Vo o7+ Vo or4lo) Vo o7 xfo) \o 0% o
00 01/ Y00 o1/ ‘0 0 o[1/ Y6 0 o011/ ‘0 0 o0[1/ ‘0 0 01
No. Symbol No Symbol No Symbol No. Symbol No Symbol No Symbol
1 anq) 1 Pl 1 PIj1 1 PI1() 1 PO 1 (MHOA)
2 dADM 2 PITT 2 PIAT 2 PIIIM 2 PODI 2 MDD
3 (Am)(1) 3 Plm|l 3 Plimll 3 Plim(l) 3 PAYm)] 3 ()m)(D)
4 (11)(m) 4 Pll|m 4 Pllm 4 Plii(m) 4 P()1)m 4 (D()(m)
5 Pmll|l 5 Pm|1(1) 5 P(m)(D)1 5 (my(1)1)
5 Plell 6 Pllell 6 Plla(l) 6 P()o)]1
6 Plllb 7 Plille 7 P11(b)
8 Pelll 8 PBl1(D) 7 PE)1
7 Clmjl
8 Clell
5 (12)(1) 9 PI12]1 9 P12(1 9 PI2(1) 8 P(H2)1 6 (D)D)
6 (11(2) 10 PL1J2 10 P12 10 P12 9 P(1)(1)2 7 MMDE)
11 P21l 11 P21(1) 10 P@)1)1 8 @)
11 P1241 12 P1124]1 12 P1j2,(1)
12 PI1]2, 13 P1112; 11 P()(1)2
14 P11 13 P2(1(1)
13 c12)1
2 2 2 2 2
7 (17)(1) 14 Pl——‘l 15 P1‘7'1 14 P1|7(1) 12 P(1)(71-)1 9 (1) (7) )
2 2 2 2 2 2
8 1) (7) 15 Pn‘7 16 Pl 15 P11 (7) 13 PAX(D) — 10 (1)(1)(7)
2 2 2 2
17 P11 16 PTH—’I(I) 14 P(?)(l)l 1 (771-)(1)(1)
16 P12y 18 P12t 17 Pll-zi(l)
m m m
17 Pn‘ﬁ 19 P2 15 PAY1)-2L
m m m
21 2[
20 P 18 P2LI1)
18 Cl—’l
2 2 2
19 P11 21 Pl’—‘l 19 P1|—a—(1) 16 P(l)(?—)l
2 2 2
20 P11 |+ 2 PlllE 20 Plt (?)
2 2 2 2
21 Pt 23 P 21 PT)—‘I(I) 17 P(?)(l)l
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Table 1 (cont.)

Short Short
space group No. Full symbol No. Symbol No. Symbol No. Symbol symbol
P 14 P12y 18 Py
c c a
C 2 15 Cl1 2 1
c c
Pmm 16 Pmm?2 19 Pmm(2) 13 P(mm)2 6 (mm?2) mm2
20 P2m(m) 14 P(2m)m .
Pmc 17 Pmc2, 15 P(mc)2,
21 P2ym(a)
22 P21a(m)
Pcc 18 Pcc2 16 P(cc)2
23 P2a(a)
Pma 19 Pma2 24 Pma(2)
25 P2m(b)
17 P(2c)m
Pca 20 Pca2,
26 P2a(b)
Pne 21 Pnc2
27 P2a(n)
Pmn 22 Pmn2;
28 P2,m(n)
Pba 23 Pba2 29 Pba(2)
Pna 24 Pra2,
Pnn 25 Pnn2
Cmm 26 Cmm?2 30 Cmm(2)
31 C2m(m)
Cmc 27 Cmc2,
Cce 28 Cec2
Amm 29 Amm?2
Abm 30 Abm?2

32 Cm2(a)
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Table 1 (cont.)
No. Symbol No. Symbol No. Symbol No. Symbol No. Symbol No. Symbol
22 Plﬁ- 1 24 Pl\-z—l 1 22 Pl‘z—'(])
¢ ¢ a
2, 2,
23 P11 vy 25 PlllIT
26 le—|1|1 » P
¢ b
24 Cl——}l
9 (mm)(2) 25 Pmm|2 27 Pm|m|2 24 Pmim(2) 18  P(m)(m)2 12 (m(m)(2)
10 2m)(m) 26 P2m|m 28 P2lm|m 25 P2im(m) 19 PQ2)(m)m 13 2)(m)(m)
29 Pm|2im 20 P(m)(2m 14 (m)(2)(m)
27 Pmel2; 30 Pmilcl2, 21 P(m)(0)2y
31 Pclm|2 22 P(c)(m)2;
28 P2imja 32 P2y|m|a 26 P2yim(a)
29 Pialm 33 P2ilalm 27 P2ila(m)
34  Pb|2y|m
35 Pm|2lb
30 Pccf2 36 Pcje|2 28 Pcle(2) 23 P(c)(0)2
37 Plala 29 P2la(a)
38 PbI2lb
31 Pmal2 39 Pmlal2 30 Pmla(2)
40 PbHim|2 31 Pblm(2)
32 P2mlb 41  P2|m|b
33 P2clm 42 P2|c|m 24 PQ2)c)m
43 Pcl2|m 25 P(o)(2ym
44 Pm|2]a
34  Pcal2; 45  Pclal2,
46 Pble|2,
35 P2ialb 47  P2¢alb
36 P2icla 48 P2lcla
49  Pc|24]b
50 Pb|2i|a
37 Plaln
38 P2imln
39 Pbal2 51 Pblal2 32 Pbla(2)
40 P2clb 52 P2lelb
41 Pclla 53  Pcl2|a
42 P21cln
43 Cmm|2
4 C2mim
45 Cmc|2;
46 Cccl2
47 C2m|m
48 C2mla
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Table 1 (cont.)

m ¢

Short Short
space group  No. Full symbol No. Symbol No. Symbol No. Symbol symbol
Ama 31 Ama2
Aba 32 Aba2
Fmm 33 Fmm2
Fdd 34 Fdd2
Imm 35 Imm2
Iba 36 Iba2
Ima 37 Ima2
P222 38 P222 33 P22(2) 18 P(22)2 7 (222) 222
P222, 39 P222, 19 P(22)2;
34 P2,2(2)

P2,2:2 40  P2;2:2 35 P2,2,(2)
P212;2, 41 P212124
C2224 42 C2224
C222 43 C222 36 C22(2)
F222 44 F222
1222 45 1222
12,2124 46 1212:2
Pmmm 47 P 222 37 P 22 (~2~—) 20 P (—2— i) 2 8 (l i i) mmm

m m m m m\m m m m m m
Pnnn 48 P —2— i 1

nn n
Pcem 9 p222 21 P(—z— 3)1

c ¢ m c ¢/ m

8 P2 (3)
m a\a

Pban s0 p222 3 pl2 (3)

b a n b a\n
Pmma 51 PA ~2— —2— 40 Pﬁ i(—2—)

m m a m m\a

» P (i 1) 2

m
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Table 1 (cont.)
No. Symbol No. Symbol No. Symbol No. Symbol No. Symbol No. Symbol
49 C2eclm
50 C2cla
11 22)Q) 51 P22 54 P22)2 33 P22(2) 26 P(2)(2)2 15 )02
52 P22|1 55 P2|2|124 27 P(2)(2)2;
53  P2;212 56 P21]2I12 34 P212(2)
57 P2(2,2 35 P22,(2)
54 P212;1|2 58 P21]124]2 36 P21)241|(2)
55 P224|24 59 P2|2¢12
60 P21|2]2;
56 P2;2112 61 P240242;
57 C2212
58 C22|2
12 (-Z_i)(— 9 prL 2|2 ¢ P—'i.—z— 37 P—‘i(i} 28 P(i)(i)i 16 (3)(_2-)(-2_)
m m m m m m m m m m m m m
0 PL2|2 6 p2|2|2 29 P(i)(i)l
c C m [4 [4 m (4 4 m
6t P 2|2 g pZ|Z|2Z 3 p2|2(2
m a a m a a m a
21212 212 /2
65 P7|7‘-b— 39 PT‘—;{(—E-)
2 2|2
63 P2 2|2 g pE2|2|2 4 pA i(&)
m m a m m a m m a
67 P22 4 p2 A(_Z_)
mim|b m|m\b
64 P2 2|2 g p2|2]2Z 4 p2 —2-(1)
m a m m a m m a m
65 P2 2|2 g pZl2|2 o P(Z) (32
m ¢ m m c m m c m
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Table 1 (cont.)

Short Short
space group  No. Full symbol No. Symbol No. Symbol No. Symbol symbol
a4 pi (i)
b m\m
Prna 52 P—g- El— i
n n a
Pmna 53 P l l ﬁ
m n a
0o phrZ (3)
b m\n
Pcca 54 P 21— i i
¢c ¢ a
5 p2A (i)
b a \a
Pbam s pR AL 4 pAA(R
b a m b a\m
Pccn 56 P A— A _2_
c ¢ n
Pbem 57 P 2 —zi —2—1
b ¢ m
s PR A2
a \b
Pnnm 58 P El— ﬁ 2
n n m

Pmumn s9 piZ 2 46 Pﬁﬁ(i)
(] n ? n
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Table 1 (cont.)

No. Symbol No. Symbol No. Symbol No. Symbol No. Symbol
70 Pilﬁi 43 piz_l(i
bim|m b|lm\m
71 pl 1‘2—1 31 P(——-)(—A
¢c|lm| m m
6o p2 2|2
b m|n
67 p2L 2|2 4, pul2|2
¢c ¢ | a (4 c |l a
212,12
2, 22 211212 2,12 /2
8 Pr2le M PT|TT 44”77(7)
2 212 21212
© Prols P PyITE
76 P22 4s Piﬁ(i)
blal|a b| al\a
m p2|2]|2
clal a
70 pAL 2|2 g5 p2l21)2 4 Piz—’(i
b a|lm bla|m b m
71 pAL 2|2 49 pA|2|2
¢ m | a C m Q
0 p 2|22
m|c | b
70 p2L 2|2
¢ ¢ n
73 pr |2 g p2|A|Z
b ¢ |m blec|m
74 p2L 2|2 g phln|Z 4 PZ—’ﬁ(i
b m|a b|m|a b m\a
g3 p2L|2]2
C a|m
75 p2 2| gy p2l2|2
mi b c|m| b
85 P22 gy p 2B (2
m| alb m| a \b
g6 p2L|2]|2
m| ¢ a
6 p2 22

m m | n
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Table 1 (cont.;

Short Short
space group  No.  Full symbol No. Symbol No. Symbol No. Symbol symbol
Pben 60 P é— —2— A
b ¢ n
Pbca 66 prih
b ¢
Prma 62 p2L Ak
nom a
Cmem 63 Ci i ﬁ
m ¢ m
Cmea 64 C _2_ i 31_
m ¢ a
peR
Crmmm 65 c2 22 a7 X2 (—2-)
m m m m m\m
Ceem 66 Ci 1 __2_
C (4 m
Cmma 67 C —2— i i 48 C —2— i (i)
m m a m m\a
Ceca 8 cri2
c c a
Fmmm 69 F i i i
m m m
2 2 2
Fddd 70 F TTd
Immm n 1222
m m m
Ibam 72 I —2— 3— i
b a m
Ibca 73 I ﬁ 2—1 A
b ¢ a
Imma 74 I 22
m m a
Pa 75 P411 49 P@11 23 P4(11) 9 @11) 4
13 76 1411
Pa2m 77 Pa2m 50 P@)2m 24 PA(2m) 10 @2m) 2m
P32c 78 Pa2c 25 P4(2¢)
PA2im 79 Pi2im 51 P@)2,m
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Table 1 (cont.)
No. Symbol No. Symbol No. Symbol No. Symbol No. Symbol No. Symbol
n o pA LI
b ¢ | n
s pl |2
c a|n
21 2] 21 21 21
79 PTT - 87 PT e
s p2 2|2
¢c m|n
s p2 |
m ¢ |n
g2 c2 2|2
m c|m
s oLl
m c|a
84 cZ _2_‘1
m m|m
85 C11 2
¢c ¢ |m
g6 c 2 2|2
m m|a
87 c2 2|2
¢c ¢ |a
13 @y 88 P4|11
14 @(@m) 89 P42m
90 P4|2¢
91 PA12ym

AC23-4
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Table 1 (cont..

Short Short
space group  No. Full symbol No. Symbol No. Symbol No. Symbol symbo
PZZLC 80 P321c
Cd2m 81 Cd2m
52 P@m2
Cé42c 82 C32c
Ca2b 83 Ca2b
53 P@)b2
C#2n 84 C42n
FA2m 85 F32m
Fd2c 86 F42¢
I32m 87 I42m
1424 88 1324
P4 89 P411 54 P11 26 PA(11) 11 411) 4
P4y 90 P4411 27 P4,(11)
P4, 91 P4,11 28 P4,(11)
P4y 92 P4;11 29 P4;5(11)
14 93 I411
14, 94 4,11
4 4
P o5 Piq 55 P(i)n 3 P2y 12 (ill) 4
m m m m m
Piz- 96 Pﬁll 31 Pﬁ(ll)
m m m
P o7 pPin 56 P(i)ll
n n n
P 4 98 P & 11
n n
1 A 99 145
m m
B
I hul 100 I A 11
a aj
P4mm 101 P4dmm 57 P(4ymm 32 Pd(mm) 13 4mm) 4mm
P4bm 102 P4bm 58 P@)bm
Pdrem 103 Pdrem 33 P4y(cm)
P4ynm 104 P4ynm
P4cc 105 P4cc 34 Pd(cc)
Pdnc 106 Pé4nc
Pdome 107 P4,me
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No. Symbol No.

93

94

95
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Symbol No.
PZ[Z[C

Symbol

PA|m2

P3|c2

P52

No.

Symbol

No.

Symbol

No.

925

Symbol

15 @1 . 96
97
98
99

Paj11

P4|11
Pay11
P4s/11

16 (i) ain 100
m
101

102

17 (H(nm) 103
104
105

106

107

AC23-4*

P4lmm

P4|bm

P42|cm

Pdllcc

P4,|me
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Table 1 (cont.,

Short Short
space group  No. Full symbol No. Symbol No. Symbol No. Symbol symbol
P4rbc 108 Pdybc
Idmm 109 I14mm
Idcm 110 I4cm
14ymd 111 I4ymd
14ycd 112 14,cd
P42 113 P422 59 P(4)22 35 P4(22) 14 422) 422
P42, 114 P42,2 60 P(4)2,2
P4,2 115 P4,22 36 P4,(22)
P42, 116 P4,2:2
P42 117 P4y22 37 P4y(22)
P42, 118 P4;2,2
P42 119 P4322 38 P45(22)
P432; 120 P4;2;2
142 121 1422
14,2 122 14,22
P mm 123 p2 22 61 P(—‘}—)ii 39 Pi(ii 15 (iii) 2 m
m m m m m/ m m m\m m m m m m
P—-4—cc 124 P—4——2-£ 40 p_4_(_2_£
m m ¢ ¢ m c ¢
P2 bm 125 p222 62 P(i)ii
n n b m n) b m
P i nc 126 P i i -—2-
n h n ¢
P2 om 127 p2 22 63 P(—"-)ﬁi
m m b m m/ b m
P i ne 128 P i A i
m m n [
PLmm 129 pir a2 64 P(i)ﬁi
R h m m n m m
P icc 130 P i A i
n n ¢ ¢
P 131 p 22 41 Pﬁ*z—(z —2-)
m m m ¢ m m ¢
Pﬁcm 132 —4l i i
m m ¢ m
P 2 be 133 P EZ— —2— i
n n b ¢
P ﬁnm 134 P 2 £ i
n n n m
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No. Symbol No. Symbol No. Symbol

Table 1 (cont.)
No. Symbol No. Symbol

No. Symbol

108 P4|22
109 P4|2,2
110 P44]22

18 9(22)

111 P4,|22

112 P43]22
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Table 1 (cont.)

Short Short
Space group No. Full symbol No. Symbol No. Symbol No. Symbol symbol
P22 e 135 pl i 2

m m b ¢
P ﬁ nm 136 i“’— ﬁ i

m m n m
P ﬁ mc 137 iz_ ﬂ —2—

n n m c
P -4—2 cm 138 P -4—2 2—' i

n n ¢ m
14 m e 1222

m m m m

12 em 40 1222

m m ¢ m
I ﬂ md 141 I i i 1

a a m d
18 42 22

a a ¢ d
P3 143 P311 65 P(3)11 42 P3(11) 16 (311) 3
P3, 144 P3;11 43 P3(11)
P3, 145 P3;11 44 P3,(11)
R3 146 R311
P3 147 P311 66 P11 45 P3(11) 17 @(3B11) 3
R3 148 R311
P3iml 149 Piml 67 P(3)ml 46 P3(ml) 18 @Bml) 3m
P31m 150 P31m 68 P(3)Im
P3cl 151 P3cl 47 P3(cl)
P31c 152 P3lc
R3m 153 R3mi1
R3c 154 R3cl
P321 155 P321 69 P(3)21 48 P3(21) 19 (321) 32
P312 156 P312 70 P(3)12
P3,21 157 P3;21 49 P3(21)
P3;12 158 P3;12
P3;21 159 P3,21 50 P3,(21)
P3;12 160 P3,12
R32 161 R32
P3Iml 162 P3ml 71 P(3)ml 51 P3(ml) 20 Bml) 3m
P3ct 163 P3cl 52 P3(c1)

P3lm 164 P31lm 72 P)1m
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No. Symbol

No.

Symbol
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No.

Symbol

No.

Symbol

No.

Symbol

No.

Symbol

929

20 3)11)

120
121
122

P3[11
P3y{11
P3,)11

21 (3)11)

123

P3|11

22 (3)(ml)

124
125
126
127

P3iml
P3|tm
P3]cl
P3|ic

23 (32D

128
129
130
131
132
133

P3|21
P3|12

P32t
P3)12
P3,)21
P3,)12

24 G)ml)

134
135
136

P3|ml
P3|cl
P3|1m
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FOR

ALL CRYSTALLOGRAPHIC SYMMETRY GROUPS

Table 1 (cont.)

Short Short
Space gruop No. Full symbol No. Symbol No. Symbol No. Symbol symbol
P3lc 165 P3lc
R32m 166 R32m
R32c 167 R32¢
P6 168 P611 73 P(6)11 53 P&(11) 21 (611) 6
P6m2 169 P6m2 74 P@)m2 54 P6(m2) 22 (6m2) 6m2
P6c2 170 P62 55 P6(c2)
P82m 171 P&2m 75 P@®)2m
P62c 172 P62c
P6 173 P611 76 P(6)11 56 P6(11) 23 (611) 6
Pé, 174 P6,11 57 P6,(11)
P65 175 P6s11 58 P65(11)
PG, 176  P6,11 59 P6y(11)
P64 177 P6411 60 P64(11)
P63 178 P65l 61  P6y(11)
J 179 P S 7 P(i)u 62  P2an 2 (iu) S
m m m m m m
Pﬁ 180 P-6-3—11 63 Pﬁ(ll)
m m m
P6mm 181 P6émm 78 P(6)mm 64 P6(mm) 25 (6mm) 6mm
P6ec 182 P6ecc 65 P6(cc)
P63cm 183 P63cm 66 P63(cm)
P63me 184 P63me
P62 185 P622 79 P(6)22 67 P6(22) 26 (622) 622
P62 186 P6,22 68 P6,(22)
P652 187  P6s22 69  P65(22)
P6;2 188 P6,22 70 P65(22)
P642 189 P6422 71 P64(22)
P632 190 P6322 72 P65(22)
P m 191 pSo 22 80 P(i)ii 73 Pi(ii 27 (iii) S m
m m m m m/ m m m\im m _ m m m
P 192 pS 22 74 i(ii)
m m ¢ ¢ m\c c
P o 93 p2 22 5P (22
m m ¢ m m\c m
P E mc 194 P ﬁ i —2-
m m m ¢
+26 cubic space groups +5 cubic crystal classes

230

32
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No.

Symbol
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Symbol
P3|lc

No.

Symbol

No.

Symbol

No.

Symbol

No.

Symbol

931

25
26

®Uan
(®)(m2)

138
139
140
141
142

P6|11
P3|m2
P6|c2
P6|2m
P6|2¢

27

28

611

o

143

145
146
147
148

149

150

P6}11
P6;111
P6s|11
P6,|11
P64J11
P63|11
P % l 11
63

P—|11
m

29

(6)(mm)

151
152
153
154

P6|mm
Pé|cc

P63lcm
P63|mc

30

(6)(22)

155
156
157
158
159
160

P6[22

P61|22
P65|22
P65|22
P64|22
P63|22

161

162

163

164

- - "~

~
3|9 3o 3o 3o

NSRS

SISEINEILE [
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Table 2. The two-dimensional symmetry groups

Symbol after Niggli g2 1 &, &1 @n
Symbol after Bohm Gy G2t Gao Gario
Form of matrices + + | + + 0 + + + |0 + 0 ‘ 0 + 0 ' +
(+ + +) (0 + 0) (+ + 0) (0 + 0) (0 + +)
0 0] 1 0 0| 1 0 01 0 041 0 0] 1
Symbol of the
corresponding
three-dimensional
space group No. Symbol No. Symbol No. Symbol No. Symbol No. Symbol
Pl 1 pliltl 1 Pl 1 (111 1 (1M 1 p(IN
Pm 2 plljml 2 pl1}(m)1 2 [1](n1) 2 [11(m)(1) 2 plllm1
3 pllim 3 [ 3 plJlm
Pc 3 pll])cl 4 Pl 4 pll]cl1
5 plille
Cm
4 a*[1]m1
P2 5 pl2111 5 pl2IH1 3 2111) 4 [2K1)(D) 6 pl211
Pmm
6  pl2lmm 6  pl2l(m)m 4 [2l(mm) 5 [21(m)(m) 7 pl2lmim
Pma
7 pl2)mat 8  pl2]mlat
pl2i(c)m 9 pl2clm
Pba
8  pl2lch 10 p[2lelb
Cmm
9 a*[2Jmm
P4 10 pl41 5 [
Pdmm 11 pldlmm 6 [41(mm)
Pabm 12 plalbm
P3 13 pl3)1 7 [31(1D)
P3ml 14 pl3Imi 8 [31(m1)
P3im 15 pl3)im
P6 16 pl6el11 9 [61(11)
P6mm 17 pl6lmm 10 [6](rmm)

* a means a face-centred lattice.
+ a means a glide-mirror-plane.

one pair of brackets; if such an exchange is not per-
mitted within the set, then separate pairs of brackets
are used.

Capital letters are used to indicate the Bravais lat-
tice of objects extending in three dimensions, small let-
ters to indicate the Bravais lattice of two-dimensional
objects.

For the symmetry groups with two-dimensional
space of transformation (two-dimensional objects) a
third place in the symbol is needed not referring to
either of the two directions. The place is indicated by
square brackets and put in the first position of the
symbol. In this way the symbols for the two-dimen-
sional groups correspond closely to the well-known
(three-dimensional) space group symbols, as indicated
in the first column of Table 2.

Symbols ‘1’ are used to fill places where there are
no other symmetry elements.

Sets of symmetry groups with two (or more) non-
exchangeable directions with periodicity have not, so
far, been listed. They are included in Tables 1 and 2.
In their symbols vertical lines separate the symmetry
elements corresponding to such non-exchangeable di-
rections. The numbers of the corresponding symmetry
groups are: 124 %21; 87 %111; 48 ¥i1; and 10 %1, The
numbers of the symmetry groups for the other sets have
been known for some time.

In the first column of the Tables the corresponding
(three-dimensional, short) space group symbol is listed.
Different orientations have to be considered in the
various sets, and for each orientation a separate line
is used.
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For a one-dimensional space of transformation only
two sets of symmetry groups exist, with two groups
each:

the space groups pl and pm for %! (G,), and
the point groups (1) and (m) for ¢; (Gyo) -

The symbols for symmetry groups proposed here
seem to us to have the following advantages: They are
sufficiently similar to the international space group
symbols to be easily understood and visualized, and
the tables of equivalent positions etc. given in Inter-

Acta Cryst. (1967). 23, 933

933

national Tables can be used almost as they stand for
the corresponding symmetry groups of all sets,
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A Scattering Curve for a Rotating Methane Molecule

By A. WHITAKER

Department of Physics, Brunel University, Woodlands Avenue, London, W.3, England

(Received 23 March 1967)

Various scattering factor curves have been calculated for a rotating methane molecule in an attempt
to elucidate the effect of slightly different interatomic distances and angular terms. It is concluded
that the effect of using slightly different interatomic distances is obscured by effects caused by different
methods of obtaining the wave functions, while in the case of methane and, presumably, ammonium

the effect of the angular terms is small.

Davis & Whitaker (1966) reported figures for a scat-
tering curve for a spherically symmetrical ammonium
group. The scattering curves were calculated for the
Hartree self-consistent wave functions of Bernal &
Massey (1954) and the analytical wave functions with
exchange of Bernal (1953). The values of the scatter-
ing factors from these wave functions differed by up
to 10%; although both wave functions were calculated
for the same nitrogen—hydrogen distance of 0-972 A.
This value is somewhat lower than the average value
obtained in practice: 1-033 A (International Tables for
X-ray Crystallography, 1962, p. 270).

In an attempt to estimate the effect of small differ-
ences of interatomic distances on the scattering curves,
these have been calculated for a rotating methane mol-
ecule.

There are two wave functions for methane com-
parable with those for ammonium, namely; the Hartree
self-consistent wave functions of Buckingham, Massey
& Tibbs (1941), calculated assuming a carbon-hydro-
gen distance of 1056 A and the analytical wave func-
tions including exchange of Bernal (1953), calculated
assuming a carbon-hydrogen distance of 1-043 A,

The scattering curve based on the wave functions of
Buckingham, Massey & Tibbs (1941) has already been
reported (Banyard & March, 1956). However, it has
been recalculated for ease in comparison with the other
scattering curves; the ammonium wave functions of
Bernal & Massey (1954) were calculated by the same
method. Bernal (1953) used the same technique for the
wave functions of both ammonium and methane. Thus

it was thought that comparison of the various curves
for ammonium and methane may give an indication
as to the effect of slight differences of interatomic dis-
tances on the scattering curves. Incidentally, the inter-
atomic distances for methane for which the wave func-
tions were calculated are all considerably less than the
average experimental value 1:091 A (International
Tables for X-ray Crystallography, 1962, p. 276).

In addition to these wave functions the Hartree—
Fock self-consistent wave functions have also been cal-
culated (Mills, 1958) assuming an interatomic distance
of 1:056 A and, in addition, Mills (1961) estimated the
effect of the tetrahedral symmetry of the molecule on
the radial density distribution (angular terms). The
scattering curves for both these models have been cal-
culated to estimate the effect of including the angular
terms.

The electron density distributions of these wave-
functions are given in Fig.1; as expected, the effect of
using a smaller interatomic distance causes the elec-
tron cloud to be contracted; exchange has a similar
although smaller effect, while the effect of the angular
terms is to make the electron cloud slightly more dif-
fuse. The last conclusion was also obtained by Banyard
& March (1961), but it appears that their conclusions
were based on the incorrect angular terms given by
Mills (1958). These have now been corrected (Mills,
1961).

However, in the case of ammonium, the use of ana-
Iytical wave functions gives a contracted electron
cloud compared with Hartree wave functions even



