3. DETERMINATION OF SPACE GROUP

Table 3.1.4.1. Reflection conditions, diffraction symbols and possible space groups

TRICLINIC. Laue class 1

Point group
Reflection conditions | Extinction symbol 1 1
None P- P1(1) P1(2)
MONOCLINIC, Laue class 2/m
Unique axis b Laue class 1 2/m 1
Reflection conditions Point group
hkl h0l
Okl hkO h00 00! 0k0 Extinction symbol |2 m 2/m
P1-1 P121 (3) P1m1 (6) P12/m1 (10)
k P12,1 P1241 (4) P12,/m1(11)
h Plal Plal (7) P12/a1l (13)
h k P12;/al P12,/al (14)
l Plcl Plcl (7) P12/c1(13)
l k P12/c1 P12,/c1(14)
h+1 Plnl Pinl (7) P12/n1(13)
h+1 k P12y/n1 P12y/n1(14)
h+k h k Cl-1 C121 (5) Clm1 (8) C12/m1(12)
h+k h,l k Clel Clcl (9) C12/c1(15)
k+1 l k Al-1 Al21 (5) Alml (8) Al2/m1(12)
k+1 h, 1 k Alnl Alnl (9) Al2/n1 (15)
h+k+1 h+1 k -1 1121 (5) Ilml (8) 112/m 1 (12)
h+k+1 h,l k Nal Ilal (9) I12/a1 (15)
Unique axis ¢ Laue class 1 12/m
Reflection conditions Point group
hkl hkO
Okl hOI h00 OKO 00! Extinction symbol |2 m 2/m
P11- P112 (3) Pl1lm (6) P112/m (10)
l P112; P112, (4) P112y/m (11)
h Plla Plla (7) P112/a (13)
h { P112;/a P11 2/a (14)
k P11b P11b (7) P112/b (13)
k { P112,/b P112,/b (14)
h+k Plln Plln (7) P112/n(13)
h+k l P112i/n P11 2,/n (14)
h+1 h I B11- B112 (5) Bllm (8) B112/m (12)
h+1 h, k I Blin Biln (9) B112/n (15)
k+1 k I All- All12 (5) Allm (8) All2/m (12)
k+1 h, k I Alla Alla (9) All2/a (15)
h+k+1 h+k l In- 112 (5) I1tm (8) I112/m (12)
h+k+1 h, k ! nis 1115 (9) I112/b (15)

(3) Incorrect assignment of the Laue symmetry

This may be caused by pseudo-symmetry or by ‘diffraction
enhancement’. A crystal with pseudo-symmetry shows small
deviations from a certain symmetry, and careful inspection of the
diffraction pattern is necessary to determine the correct Laue class.
In the case of diffraction enhancement, the symmetry of the
diffraction pattern is higher than the Laue symmetry of the crystal.
Structure types showing this phenomenon are rare and have to fulfil
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specified conditions. For further discussions and references, see
Perez-Mato & Iglesias (1977).

3.1.5. Diffraction symbols and possible space groups

Table 3.1.4.1 contains 219 extinction symbols which, when
combined with the Laue classes, lead to 242 different diffraction
symbols. If, however, for the monoclinic and orthorhombic systems



3.1. SPACE-GROUP DETERMINATION AND DIFFRACTION SYMBOLS

Table 3.1.4.1. Reflection conditions, diffraction symbols and possible space groups (cont.)
MONOCLINIC, Laue class 2/m (cont.)

Unique axis a Lauve class 2/m 1 1
Reflection conditions Point group
hkl Okl
hOl hkQ 0k0O 001 h00 Extinction symbol |2 m 2/m
P-11 P211 (3) Pmll (6) P2/m 11 (10)
h P2,11 P2,11 (4) P21 /m 11 (11)
k Pbl1 Pb11 (7) P2/b 11 (13)
k h P2,/b 11 P2,/b 11 (14)
I Pcll Pclt (7) P2/c 11 (13)
I h P2y/c11 P2i/c 11 (14)
k+1 Pnll Pnll (7) P2/n 11 (13)
k+1 h P2, /n 11 P2,/n 11 (14)
h+k k h c-11 C211 (5) Cmll (8) C2/m 11 (12)
h+k k, 1 h Cnll Cnll (9) C2/n 11 (15)
h+1 i h B-11 B211 (5) Bm11 (8) B2/m 11 (12)
h+1 k1 h Bb11 Bb11 (9) B2/b 11 (15)
h+k+1 k+1 h 11 211 (5) iml11 (8) 12/m 11 (12)
h+k-+1 k, 1 h Iell Ic11 (9) 12/c 11 (15)

ORTHORHOMBIC, Laue class mmm (2/m 2/m 2/m)y
In this table, the symbol ¢ in the space-group symbol represents the two glide planes given between parentheses in the corresponding extinction symbol. Only for
one of the two cases does a bold printed symbol correspond with the standard symbol.

Reflection conditions Laue class mmm (2/m 2/m 2/m)
Point group
mm2
Extinction m2m
hkl Okl h0l hkO h00 0k0 001 symbol 222 2mm mmm
P——— P222 (16) Pmm2 (25) |Pmmm (47)
Pm2m (25)
P2mm (25)
! P—-2,  |P222, (17)
k P-2—  |P22,2 (17)
k I P22, |P22;2, (18)
h P2——  |P222(17)
h I P22, |P2,22, (18)
h k P22—  |P2;2:2 (18)
h k 1 P2,2,2, P2,2,2, (19)
h h P— g ' Pm2a (28)
P2ima (26) |Pmma (51)
k k P——b Pm2,b (26)
P2mb (28) | Pmmb (51)
h+k h k P——n Pm2in (31)
P2ymn (31) | Pmmn (59)
h h P—a— Pma2 (28) |Pmam (51)
P2am (26)
h h h P—aa P2aa (27) Pmaa (49)
h k h k P—ab P2iab (29) | Pmab (57)
h h+k h k P—an P2an (30) Pman (53)
l l P—c— Pmc2, (26)
P2cm (28) Pmcem (51)
h h 1 P—ca P2ica (29) | Pmca (57)
! k k ! P—cb P2cb (32) Pmcb (55)
l h+k h k l P—cn P2icn (33) | Pmcn (62)
47

e 011 110



ORTHORHOMBIC, Laue class mmm (2/m 2 /m 2/m) (cont.)

3. DETERMINATION OF SPACE GROUP

Table 3.1.4.1. Reflection conditions, diffraction symbols and possible space groups (cont.)

Reflection conditions

Laue class mmm (2/m 2/m 2/m)

Point group

mm?2
Extinction m2m
hkl Okl ho! hk0 h00 0k0 00/ symbol 222 2mm mmm
h+1 h l P—n— Pmn2, (31)
P2inm (31) | Pmnm (59)
h+1 h h ! P—na P2na (30) Pmna (53)
h+1 k h k { P—nb P2ynb (33) | Pmnb (62)
h+1 h+k h k 1 P—nn P2nn (34) Pmnn (58)
k k Pb— — Pbm2 (28)
Pb2im (26) |Pbmm (51)
k h h k Pb—a Pb21a (29) | Pbma (57)
k k k Pb—-b Pb2b (27) Pbmb (49)
k h+k h k Pb—n Pb2n (30) Pbmn (53)
k h h k Pba— Pba2 (32) Pbam (55)
k h h h k Pbaa Pbaa (54)
k h k h k Pbab Pbab (54)
k h h+k h k Pban Pban (50)
k ! k l Pbc— Pbc2; (29) | Pbem (57)
k / h h k l Pbca Pbca (61)
k { k k l Pbch Pbcb (54)
k ! h+k h k l Pbcn Pbcn (60)
k h+1 h k ! Pbn— Pbn2y (33) | Pbnm (62)
k h+1 h h k l Pbna Pbna (60)
k h+1 k h k l Pbnb Pbnb (56)
k h+1 h+k h k ) Pbnn Pbnn (52)
l [ Pe— — Pcm2, (26)
Pc2m (28) Pcmm (51)
1 h h l Pc—a Pc2a (32) Pcma (55)
l k k [ Pc—b Pc2,b (29) | Pcmb (57)
/ h+k h k l Pc—n Pc2\n (33) | Pcmn (62)
l h h I Pca— Pca2, (29) |Pcam (57)
! h h h l Pcaa Pcaa (54)
[ h k h k l Pcab Pcab (61)
1 h h+k h k 1 Pcan Pcan (60)
! l [ Pcc— Pcc2 (27) Pcem (49)
/ l h h l Pcca Pcca (54)
1 ! k k 1 Pceb Pccb (54)
l 1 h+k h k l Pcen Pecn (56)
l h+1 h l Pcn — Pcn2 (30) Pcnm (53)
1 h+1 h h ! Pcna Pcna (50)
! h+1 k h k ! Pcnb Pcnb (60)
1 h+1 h+k h k l Pcnn Pcnn (52)
k+1 k l Pn — — Pnm2, (31) | Pnmm (59)
Pn2ym (31)
k+1 h h k / Pn—a Pn2ia (33) |Pnma (62)
k+1 k k l Pn—b Pn2b (30) Pnmb (53)
k+1 h+k h k ! Pn—n Pn2n (34) Pnmn (58)
k+1 h h k / Pna - Pna2y (33) |Pnam (62)
k+1 h h h k { Pnaa Praa (56)
k+1 h k h k ! Pnab Prab (60)
k+1 h h+k h k { Pnan Pran (52)
k+1 ! k / Pnc — Pnc2 (30) Prem (53)
k+1 ! h h k I} Pnca Pnca (60)
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ORTHORHOMBIC, Laue class mmm (2/m 2/m 2/m) (cont.)

3.1. SPACE-GROUP DETERMINATION AND DIFFRACTION SYMBOLS

Table 3.1.4.1. Reflection conditions, diffraction symbols and possible space groups (cont.)

Reflection conditions Laue class mmm (2/m 2/m 2/m)
Point group
mm2
Extinction m2m
hkl Okl ho! hk0O h00 0k0 00! symbol 222 2mm mmm
k+1 ! k k ) Pnch Puch (50)
k+1 ! h+k h k ! Pncn Pncn (52)
k+1 h+1 h k ! Pnn — Pnn2 (34) Pnnm (58)
k+1 h+1 h h k l Prna Pnna (52)
k+1 h+1 k h k l Pnnb Pnnb (52)
k+1 h+1 h+k h k [ Pnnn Pnnn (48)
h+k k h h+k h k C——— C222 (21) Cmm?2 (35) |Cmmm (65)
Cm2m (38)
C2mm (38)
h+k k h h—+k h k l C—-2; C222, (20)
h+k k h h, k h k C— —(ab) Cm2e (39) |Cmme (67)
C2me (39)
h+k k h,l h+k h k [ C—c - Cmc2, (36) |Cmcm (63)
C2cm (40)
h+k k h, 1 h, k h k l C—c(ab) C2ce (41) Cmece (64)
h+k k, 1 h h-+k h k l Ce — — Cem?2; (36) |Cemm (63)
Cc2m (40)
h+k k, ! h h, k h k l Cc —(ab) Cc2e (41) Cceme (64)
h+k k, ! h, 1 h+k h k l Cee — Cec2 (37) Ceem (66)
h+k k, 1 h,l h, k h k 1 Cec(ab) Ccce (68)
h+1 { h+1 h h l B—--- B222 (21) Bmm?2 (38) |Bmmm (65)
Bm2m (35)
B2mm (38)
h+1 [ h+1 h h k l B-2,— B22,2 (20)
h+1 / h+1 h, k h k l B——b Bm2,b (36) |Bmmb (63)
B2mb (40)
h—+1 l h,l h h l B —(ac)— Bme?2 (39) Bmem (67)
B2em (39)
h+1 l h,1 h, k h k l B —(ac)b B2eb (41) Bmeb (64)
h—1 k, 1 h+1 h h k ! Bb — — Bbm2 (40) | Bbmm (63)
Bb2ym (36)
h—1 k, 1 h+1 h, k h k ! Bb—b Bb2b (37) Bbmb (66)
h—1 k, 1 h,l h h k l Bb(ac)— Bbe2 (41) Bbem (64)
=1 k, [ h,l h, k h k [ Bb(ac)b Bbeb (68)
k~1 k+1 [ k k l A——— A222 (21) Amm?2 (38) |Ammm (65)
Am2m (38)
A2mm (35)
-1 k—+1 { k h k l A2~ — A2,22 (20)
=1 k+1 l h, k h k l A— —a Am2a (40) |Amma (63)
A2;ma (36)
<~ k+1 h, 1 k h k ! A—a — Ama2 (40) | Amam (63)
A2iam (36)
L~ k+1 h,l h, k h k l A—aa A2aa (37)  |Amaa (66)
- k, ! l k k l A(bc)— — Aem2 (39) |Aemm (67)
Ae2m (39)
=1 k1 l h, k h k l A(bc)— a Ae2a (41) Aema (64)
-1 k1 h, 1 k h k l A(bc)a — Aea2 (41) Aeam (64)
w1 k, ! h,l h, k h k l A(bc)aa Aeaa (68)
woe k1 k+1 h+1 h+k h k l I——- 1222 (23) |, {Imm2 (44) |Immm (71)
{I 21212 (24)} Im2m (44)
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3. DETERMINATION OF SPACE GROUP

Table 3.1.4.1. Reflection conditions, diffraction symbols and possible space groups (cont.)
ORTHORHOMBIC, Laue class mmm (2/m 2/m 2/m) (cont.)

Reflection conditions

Laue class mmm (2/m 2/m 2/m)

Point group
mm?2
Extinction m2m
hkl Okl hO! hk0 hOO0 0kO 00! symbol 222 2mm mmm
DRmm (44)
h+k+1 k+1 h+1 h, k h k l I — —(ab) Im2a (46) Imma (74)
2mb (46) Immb (74)
h+k+1 k+1 h, 1 h+k h k l I —(ac)— Ima2 (46)  |Imam (74)
2cm (46) Imem (74)
h+k+1 k+1 hl h, k h k / I1—cb I2¢b (45) Imceb (72)
h+k+1 k, 1 h+1 h+k h k ! I(bc)— — Iem?2 (46) Iemm (74)
le2m (46)
h+k+1 k, 1 h+1 h, k h k l Ic —a Ic2a (45) Iema (72)
h+k+1 k, 1 h, 1 h+k h k / 1ba — Iba2 (45) Ibam (72)
h+k+1 k1 h,l h, k h k / Ibca Ibca (73)
Icab (73)
h+kh+Lk+1|k+1 h+1 h+k h k l F——— F222 (22) Fmm2 (42) |Fmmm (69)
Fm2m (42)
F2mm (42)
h+kh+Lk+1|k1 h+l=4n;hl|\h+k=4n;hklh=4n |k =4n|l=4n |F—dd F2dd (43)
h+kh+Lk+1|k+1=4n k1 |h1 h+k=4n,h,k|lh=4n |k =4n|l=4n |Fd-d Fd2d (43)
h+kh+Lk+1|\k+1=4n k1 |h+1=4n; h, 1|} k h=4n |k =4n|l =4n |Fdd- Fdd2 (43)
h+kh+Lk+1k+1=4nk |l |h+1=4dn,h1\h+k=4n;h klh=4n |k =4n |l = 4n | Fddd Fddd (70)
* Pair of space groups with common point group and symmetry elements but differing in the relative location of these elements.
TETRAGONAL, Laue classes 4/m and 4/mmm
Laue class
4/m 4/mmm (4/m 2/m 2/m)
Reflection conditions Point group
Extinction
hkl hkQ | Okl hhl | 00! 0k0 | hhO | symbol 4 4 4/m 422 4mm 42m 4m2 4 /mmm
P——— |P4(75) P4 (81) P4/m (83) | P422 (89) Pdmm (99) P42m (111) P4/mmm (123)
Pdm2 (115)
k P-2,— P42,2 (90) P42,m (113)
! P4r— — P4, (77) P4y /m (84) | P4,22 (93)
! k PAy2,— P4y2,2 (94)
SR AR {Faz2 651
I=dn |k P4,2,— {gj;;:;gég}+
11 P-—c Pdyme (105) [P42c (112) | P4y /mme (131
1 l P-2;c P42,c (114)
k P—b— P4bm (100) | P42 (117) | P4/mbm (127
k ! I} k P—bc P4, bc (106) P4 /mbc 1135
1 1 P—c— Pdyem (101) | PAc2 (116) | P4y /mem 132
! I I P —cc Pdcce (103) P4/mee 124
k+1 ! k P—n- Pdynm (102) |P4n2 (118) P4 mam 136
k+1 {1 1 k P —nc Pdne (104) P4 mnc 12w
h+k k Pn — — P4/n (85) P4 nmm 124
h+k 1 k P4y /n— — P4y /n (86)
h+k ! 1 k Pn—c P4 nm -
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3.1. SPACE-GROUP DETERMINATION AND DIFFRACTION SYMBOLS

Table 3.1.4.1. Reflection conditions, diffraction symbols and possible space groups (cont.)

TETRAGONAL, Laue classes 4/m and 4/mmm (cont.)

Laue class
4/m 4/mmm (4/m 2/m 2/m)
Retlection conditions Point group
Extinction — — -
hko |k |Bhl {000 |OKO |BAO | gkl |4 i 4/m 422 4mm am Am2 |4 mmm
h+k |k k Pnb — Pd/nbm 125
h+k |k l 1 k Punbc Pdsinbe 133
h+k |l ! k Pnc — | P4y /nem 11238
h+k |1 l ! k Pnce P4/ncc 1130
h+k |k+1 ! k Pnn — P4y /nnm 1134
h+k |k+1 |1 ! k Pnnc P4 /nnc (126
kIl |h+k|k+1 ] i k I——— 14 (79) 14 (82) |14/m (87) 1422 (97) Hmm (107)  [142m (121) {14 /mmm (139
14m2 (119)
e k=1 \h+k k+1 |1 I=4dn |k 14— — 14, (80) 14422 (98)
pekd Rk k+1 |t li=danlk |h |I——4a I4ymd (109) |142d (122)
cehk1 h+k k| ! k I—c— T4em (108) 14c2 (120) | 14/mem (140
dekt lhrk kT |t |i=4n |k |n |I—cd I4ycd (110)
m—hk - |hok k41| I=4n |k 14y/a— — 14, /a (88)
t—k=lhk |k+1 (T |l=4n|k |h |la—d T4, famd (141
sk~ \hk |k 1 I=4n lk h lacd 14, /acd (1421

- Pair of enantiomorphic space groups, ¢f. Section 3.1.5.
- Condition: 2h +1 =4n; .

ras well as for the R space groups of the trigonal system), the
different cell choices and settings of one space group are
disregarded, 101 extinction symbols* and 122 diffraction symbols
tor the 230 space-group types result.

Only in 50 cases does a diffraction symbol uniquely identify just
one space group, thus leaving 72 diffraction symbols that
correspond to more than one space group. The 50 unique cases
can be easily recognized in Table 3.1.4.1 because the line for the
possible space groups in the particular Laue class contains just one
entry.

The non-uniqueness of the space-group determination has two
reasons:

(1) Friedel’s law, i.e. the effect that, with neglect of anomalous
dispersion, the diffraction pattern contains an inversion centre, even
if such a centre is not present in the crystal.

Example
A monoclinic crystal (with unique axis b) has the diffraction
symbol 1 2/m 1P1cl. Possible space groups are Plcl (7) without
an inversion centre, and P12/c1 (13) with an inversion centre. In
both cases, the diffraction pattern has the Laue symmetry
12/m L.

One aspect of Friedel’s law is that diffraction patterns do not
distinguish between two enantiomorphic space groups. Eleven

* The increase from 97 (IT, 1952) to 101 extinction symbols is due to the separate
weatment of the trigonal and hexagonal crystal systems in Table 3.1.4.1, in
<~ntradistinction to IT(1952), Table 4.4.3, where they were treated together. In
[T 1969), diffraction symbols were listed by Laue classes and thus the number of
sxunction symbols is the same as that of diffraction symbols, namely 122.
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diffraction symbols each correspond to a pair of enantiomorphic
space groups. In Table 3.1.4.1, such pairs are grouped between
braces. Either of the two space groups may be chosen for a structure
determination, unless the absolute configuration of the crystal
structure must be known.

(i) The occurrence of four space groups in two ‘special’ pairs.
each pair belonging to the same point group: 1222 (23) &
121212y (24) and 123 (197) & 12,3 (199). The two space groups
of each pair differ in the location of the symmetry elements with
respect to each other. In Table 3.1.4.1, these two special pairs are
given in square brackets.

3.1.6. Space-group determination by additional methods
3.1.6.1. Chemical information

In some cases, chemical information determines whether or not
the space group is centrosymmetric. For instance, all proteins
crystallize in noncentrosymmetric space groups as they are
constituted of L-amino acids only. Less certain indications may
be obtained by considering the number of molecules per cell and the
possible space-group symmetry. For instance, if experiment shows
that there are two molecules of formula A, B per cell in either space
group P2, or P2, /m and if the molecule A,Bj3 cannot possibly have
either a mirror plane or an inversion centre, then there is a strong
indication that the correct space group is P2;. Crystallization of
A,Bjs in P2y /m with random disorder of the molecules cannot be
excluded, however. In a similar way, multiplicities of Wyckott
positions and the number of formula units per cell may be used to
distinguish between space groups.






