Table 3-1 : Codes for Crystallographic Site Symmetry Symbols for atoms in special

Appendix

positions : assigned by module XDSPOS

Code Symboal Code Symboal Code Symbal Code Symboal

1 1 21 422 41 3m. 61 mmm..
2 -1 22 2.22 42 3.m 62 m-3.
3 2. 23 2mm. 43 .m 63 3.

4 .2 24 4mm 44 3m 64 42.2

5 2.. 25 2.mm 45 -3.m 65 432

6 .m. 26 -42m 46 -3m. 66 .2.22
7 ..m 27 -4m2 47 .2/m 67 .32

8 m.. 28 m.2m 48 -3m 68 .3m

9 .2/m. 29 m2m. 49 6.. 69 -42.m
10 .2Im 30 mmm. 50 -6.. 70 -43m
11 2/m.. 31 4/mmm 51 6/m.. 71 m.m2
12 222 32 m.mm 52 622 72 4m.m
13 mm?2 33 3.. 53 6mm 73 4/mm.m
14 2mm 34 3. 54 -6m2 74 m-3m
15 m2m 35 -3.. 55 -62m 75 -4m.2
16 mmm 35 -3. 56 6/mmm 76 -3m
17 4., 37 3.2 57 3. 77 .m.mm
18 -4.. 38 32. 58 222.. 78  notused
19 4/m.. 39 2 59 23. 79  notusd
20 222. 40 32 60 mm?2..

NOTES:

1. In practise of course, code 1 is never assigned to an atom in a special position.
2. These are the codes applicable for each crystal class:

Triclinic codes 1-2

Monoclinic codes 1-11

Orthorhombic codes 1-16

Tetragonal codes 1-11,17-32 (27 in total)

Trigonal codes 1-4,6,7,9,10,33-48 (24 in total)

Hexagonal codes 1-16,33,35,37,38,41,42,45,46,49-56 (32 in total)
Cubic codes 1,4,5,7,8,11,17-19,22,25,57-77 (32 in total)

Table 3-2 : Point Group (Pseudo-Symmetry) Symbol codes for atoms in general
positions : assigned by module XDLSDB and by user intervention

Code Symboal Caode Symboal Caode Symbal Caode Symboal
80 cyl 89 4 98 32 107 6/mmm
81 1 90 -4 99 3m 108 23
82 -1 91 4/m 100 -3m 109 m-3
83 2 92 422 101 6 110 432
84 m 93 4mm 102 -6 111 -43m
85 2/m 94 -42m 103 6/m 112 m-3m
86 222 95 4/mmm 104 622
87 mm2 96 3 105 6mm
88 mmm 97 -3 106 -6m2

NOTES:

1. These symmetries comprise the 32 crystallographic point groups plus ‘cyl’, which indicates cylindrical
symmetry, often assigned to H atoms. Atoms in general positions with no assigned pseudo-symmetry are
given the symbol ‘1’ (code=81).



Appendix

Table 4-5 : Index Picking Rules of Site-Symmetric Spherical Harmonics [25]

Symmetry Choice of axes Indices of symmeyig Multipole refinement keys in XD
(A, u are integerd)

1 Any all (, mx 1011111111 1111111 111111111
-1 Any (2, m, 1) 1000011111 0000000 111111111
2 2|z (I, 2u, %) 10001 10011 1001100 100110011
m mQOz (1, 1-2u, ) 1011010011 0110011 100110011
2/m 2|z, mdz 2\, 2u, ) 10 000 10011 0000000 100110011
222 21z, 2y, 2] x) X22u, +), (2+1, 24, -) 10 000 10010 0000100 100100010,
mm2 2|z, MOy, (mOX) (1, 2u, +) 10 001 10010 1001000 100100010
mmm mOz, mOy, mOXx (2, 2u, +) 10 000 10010 0000000 100100010
4 4]z [ 4u, +) 10 001 10000 1000000 100000011
-4 4|z (2, 4u, 1), (D+1, 4u+2, 1) 10 000 10000 0001100 100000011
4/m 41|z, mMlz (27, 4, 2) 10 000 10000 0000000 100000011
422 41lz,20y, (2% X24u,+), (2+1, 4u,-) 10 000 10000 0000000 100000010
4mm 4|z, Mdy, (mOX) (I, 4u,+) 10 001 10000 1000000 100000010
-42m 4z, 2] x (24u,+),(2+1, 4+2,-) 10 000 10000 0000100 100000010
-4m2 4z, Mdy (2\, 4u,+), (241, 4u+2,4) 10 000 10000 0001000 100000010
4/mmm 4|z, Mdz, (mO x), (27, 4u,%) 10 000 10000 0000000 100000010
3 3|z [ 3u, 1) 10 001 10000 1000011 100001100
-3 3z (2, 3u, 1) 10 000 10000 0000000 100001100
32 @ 3z 2]y R3u, +),(2+1, 31, ) 10 000 10000 0000001 100001000

(b) 31z,2]x (8+2j,3u,+) (3u+2j+1,3u, -) 10 000 10000 0000010 100000100
3m @3]z, mMly (1, 3u, +) 10 001 10000 1000010 100001000

(b) 3| z, Md x (1, 6u, +),(, 6ut+3,-) 10 001 10000 1000001 100000100
-3m @ -3z, mMly (2, 3u,%) 10 000 10000 0000000 100001000

(b) -3 ]| z, MO x (2, 6y, +),(2, 6u+3, -) 10 000 10000 0000000 100000100
6 6]z (, 6u, +) 10 001 10000 1000000 100000000
-6 6|z=(3]lz mz) (2, 6u, ),(2+1, 6ut+3, ) 10 000 10000 0000011 100000000
6/m 6|z, mdy2]y, (2]x (2n, 6y, 2) 10 000 10000 0000000 100000000
622 61lz,2]y, (2] %) X26u, +),(2+1, 6u, -) 10 000 10000 0000000 100000000
6mm 6|z, My, (mOXx) (1, 6u, +) 10 001 10000 1000000 100000000
-6m2 6|z, My, (2] x) (2, By, +),(2u+1, qut3, +) 10 000 10000 0000010 100000000
-62m 6|z, mdy, (2]y) (2, By, +),(20+1, ut+3, -) 10 000 10000 0000001 100000000
6/mmm 6]z, Mz, mOy, (mOXx) | (2, 6u, +) 10 000 10000 0000000 100000000

1. Note that m = — 0 is antisymmetric, while m = +Qtdd is symmetric. For instance, with symmetry 222,
the picking rule (2, 2u, +) tells us thay, o & y40are symmetric, while the picking ruleil, 2., ) tells
us thaty; o(A = 0,n = 0) oryzo (A = 1, = 0) are antisymmetric, whilg _,(A = 1, = 1) is symmetric.
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Table 4-6 : Site Symmetry Table Giving the Key to Tables 4-7 to 4-9 (Hex
indicates hexagonal axes).

Point Symmetry at Special Position Position Cross reference
key
Symmetry Axes Point Group Generators X,y,2Z 4-7 4-8 4-9
m3m 4[0,0,1] 3[1L1,1] 1 0,0,0 Bl Co DI
43m 4[0,0,1) 3[1,1,1) 0,0,0 Bl €l DI
432 410,0,1] 3[1,1,1] 0,0,0 Bl Co DI
m3 3[1.1,1] 2[0,0,1] 1 0,0,0 Bl Cco DI
23 3[1.1,1] 2[0,0,1] 0,0,0 Bl Cl Dl
6/mmm Hex 6[0,0.1] 2[1,00] T 0,0,0 B9 co D2
6m2 Hex 6[0,0,1] 2[1,0,0] 0,0,0 B9 co D2
6m2 Hex 6[0.0,1] 2[1,2,0] 0,0,0 B9 C10 D2
6mm Hex 6[0,0,1] 2[1,0,0] 0,0,z B9 C19 D2
622 Hex 6[0,0,1] 2[1,0,0] 0,0,0 B9 co D2
6/m Hex 6[0,0,1] 1 0,0,0 B9 co D2
6 Hex 6[0,0.1] 0,0,0 B9 C20 D2
6 Hex 6]0,0,1] 0,0,z B9 C19 D2
4/mmm 410,0,1] 2[1,0.0] 1 0,0,0 B2 Co D3
4/mmm 410,1,0] 2[0,0,1] 1 0,0,0 B3 Co D4
4/mmm 411,0,0] 2[0,1,0] 1 0.,0,0 B4 Co D5
A2m 4[0,0,1] 2[1,0,0] 0,0,0 B2 Cl1 D3
A2m 4[0,0,1] 2[1,1,0] 0,0,0 B2 C2 D3
42m 4[0,1,0] 2[0,0,1] 0,0,0 B3 Cl D4
42m 4[0,1,0] 2[1,0,1] 0,0,0 B3 C3 D4
42m 4[1,0,0] 2[0,1,0] 0.0,0 B4 Cl D5
42m 4[1,0.0] 2[0,1,1] 0,0,0 B4 C4 D5
4mm 410,0,1] 2[1,0,0] 0,0,z B2 C13 D3
4mm 4[0,1,0] 2[0,0,1] 0,y,0 B3 Cl14 D4
4mm 4[1,0,0] 2[0,1,0] x,0,0 B4 Cl5 D5
422 4[0,0,1] 2[1,0,0] 0.0,0 B2 CoO D3
422 410,1,0] 2[0.0.1] 0,0,0 B3 CoO D4
422 4[1,0,0] 2[0.1,0] 0,0,0 B4 cCo D5
4/m 4[0,0,1] 1 0.0,0 B2 co DiI2
4/m 4[0,1,0] 1 0,0,0 B3 Co DI3
4/m 4[1,0,0] 1 0,0,0 B4 Co D14
4 4[0,0,1) 0,0,0 B2 Cl6 D12
4 4[0,1,0] 0,0,0 B3 C17 D13
4 4[1,0,0] 0.0,0 B4 Ci8 D14
4 4[0,0,1] 0,0,z B2 Ci13 D12
4 4[0,1,0] 0.y.0 B3 Cl4 DI3
4 4[1,0,0] x,0,0 B4 Cl5 D14
3m 3[1,1,1] 2[1,1.0] 1 0,0,0 BS Co0 Deé
3m 3[1,1,1] 2[1,1.0] 1 0,0,0 B6 co D7
3m 3[L,L1] 2[1,,0] 1 0.0,0 B7 Co DS
3m 3[L1,1] 2[1,1,0] 1 0,0,0 B8 co D9
3m Hex 3[0,0,1] 2[1,0,0] 1 0,0,0 B9 Cco D10
3m Hex 3[0,0,1] 2[1,2,0] 1 0,0,0 B9 Cc0 DIl
3m 3[1,1,1] 2[1,1.0] XXX B5 C33 Dé
3m 3[1,1,1] 2[1,1,0] XXX B6 C34 D7
3m 3[1,1,1] 2[1,1,0] XXX B7 C35 D8
3m 3[1.1,1] 2[1,1,0] X,X,X B8 C36 D9
3m Hex 3[0,0,1] 2[1,0,0] 0,0,z B9 C37 DIO
3m Hex 3[0,0,1] 2[1,2,0] 0,0,z B9 C38 DIl
32 3[1.1,1] 2[1.1,0] 0,0,0 B5 C5 D6
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Table 4-6 : (cont)

Point Symmetry at Special Position Position Cross reference
key

Symmetry Axes Point Group Generators X,Y,Z 4-7 4-8 4-9

32 3[1,1,1]) 2[1,1,0] 0,0,0 B6 Co D7

32 3[1,1.1] 2| 1,1,0] 0,0,0 B7 C7 D8

32 3[L1.1] 2[1,1,0] 0,0,0 B8 C8 D9
32 Hex 3[0,0,1] 2[1,0,0] 0,0,0 B9 C9 D10
32 Hex 3[0.0,1] 2[1,2,0] 0,0,0 B9 Cl10 D11
3 3[1,1,1] 0,0,0 B5 Co D15
3 31,11 0,0,0 B6 Co D16
3 3[1,1,1] 0,0.0 B7 Co D17
3 3[1,1,1] 0,0,0 B8 Co D18
3 Hex 3[0,0,1] 0,0,0 B9 Co D19
3 S[111] 9, 90 4 B5 C54 D15
3 3[1,1,1) X,X,X B6 C55 D16
3 3[1,1.1] XXX B7 C56 D17
3 3(11.1] XXX B8 C57 D18
3 Hex 3[0.0.1] 0.0,z B9 C58 D19
mmm 2[0,0.1] 2[1,0.0] 1 0,0,0 B10  CO D20
mmm 2[0,0,1] 2[1,1,0] 1 0.0,0 Bl11 Co D21
mmm 2[0,1,0] 2[1,0,1] 1 0,0,0 B12  C0 D22
mmm 2[1,0.0] 2[0,1,1] 1 0,0,0 B13  C0 D23
mmm Hex 2[0,0,1] 2[1,0,0] 1 0,0,0 B14  CO D24
mmm Hex 2[0,0,1] 2[1.1,0] 1 0,00 BIl  CO0 D21
mmm Hex 2[0,0.1] 2[0,1.0] 1 0,0,0 B15  CO D25
mm 2[0.0,1] 2[1,0,0] 0,0,z BI0 C21 D20
mm 2[0.0,1] 2[1,1,0] 0,0,z Bl1l C22 D21
mm 2[0.1.0] 2[0,0.1] 0,y,0 B10 C23 D20
mm 2[0,1,0] 2(1,0.1] 0,y,0 B12 C24 D22
mm 2[1,0,0] 2[0,0.1] x,0,0 B10  C25 D20
mm 2[1.0,0] 2[0,1.1] x,0,0 B13 C26 D23
mm 2[1,1,0] 2[0,0.1] X,x,0 Bl1l C27 D21
mm 2[1.1,0] 2[0,0.1] x.X,0 Bl1l Cc28 D21
mm 2[1,0,1] 2[0,1.0] x,0,x B12 C29 D22
mm 2[1.0.1) 2[0,1,0] x,0.% B12 C30 D22
mm 2[0,1,1] 2[1,0.0] 0.y.y BI13 C31 D23
mm 2[0.1.1] 2[1,0.0] 0.y.¥ B13 (C32 D23
mm Hex 2[0,0,1] 2[1,0.0] 0,0,z Bl4  C40 D24
mm Hex 2[0,0,1] 2[1,1,0] 0,0,z Bl1l C22 D21
mm Hex 2[0.0,1] 2[0,1,0] 0,0,z BIS (C39 D25
mm Hex 2[1.,0,0] 2[0,0.1] x,0,0 Bl4 C41 D24
mm Hex 2[2,1,0] 2[0,0,1] 2x,x,0 BIS C42 D25
mm Hex 2[1,1,0] 2[0,0.1] x,x.0 BI1l C27 D21
mm Hex 2[1,2,0] 2[0,0,1] X.2x,0 B14 C43 D24
mm Hex 2[0,1.0] 2[0,0.1] 0.y.0 Bl15 C44 D25
mm Hex 2[1.1,0] 2[0,0,1] x.Xx,0 B1l Cc28 D21
222 2[0.0,1] 2[1,0,0] 0,0,0 B10  CI D20
222 2[0,0,1] 2[1,1,0] 0,0,0 Bl1l €2 D21
222 2[0,1,0] 2[1,0,1] 0,0,0 BI12 C3 D22
222 2[1,0,0] 2[0,1,1] 0,0,0 BI3 (4 D23
222 Hex 2[0,0,1] 2[1,0,0] 0,0,0 Bl4 Cl1 D24
222 Hex 2[0,0,1] 2[1,1,0] 0,0,0 BI1l C2 D21
222 Hex 2[0,0,1] 2[0,1,0] 0,0,0 BI5 Cl2 D25
2/m 2[0.0,1] 1 0.0,0 Bl6  CO D26




Table 4-6 : (cont)
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Point Symmetry at Special Position Position Cross reference
key

Symmetry Axes Point Group Generators X,¥,Z 4-7 4-8 4-9
2/m 2[0,1,0] 1 0,0,0 B17  CO0 D27
2/m 2(1,0,0] 1 0,0,0 B18  CO D28
2/m 2[1,1,0] 1 0,0,0 B19 CO D29
2/m 2[1.1,0] 1 0,0,0 B20 CO D30
2/m 2[1,0,1] 1 0,0,0 B21 CO D31
2/m 2[1,0,1] 1 0,0,0 B22 CO D32
2/m 210,1,1] 1 0,0.0 B23 CO D33
2/m 2[0,1,1] 1 0,0,0 B24 CO D34
2/m Hex 2[0,0,1] 1 0,0,0 B16  CO D26
2/m Hex 2[1,0,0] 1 0,0,0 B25 CO D35
2/m Hex 2(2,1,0] 1 0,0,0 B26  CO D36
2/m Hex 2(1,1,0] 1 0,0,0 B19 CO D29
2/m Hex 2[1,2,0] 1 0,0,0 B27  CO D37
2/m Hex 2[0,1.0] 1 0,0,0 B28 CO D38
2/m Hex 2[1.1.0] 1 0,0,0 B20 CO D30
m 2[0.1.0] x.0,z B17 Ce4 D27
m 2[1,0,0] 0,y,z B18 Ce65 D28
m 2[1,1,0] Xz B19 C66 D29
m 2[1,1,0] XX.Z B20 Ce67 D30
m 2[1,0,1] X,V.X B21 Ce68 D3l
m 2[1,0.1) X.V.X B22 C69 D32
m 2[0.1,1] X.Y.¥ B23 C70 D33
m 2[0.1,1] b8 AY B24 C71 D34
m Hex 2[0,0.1] x.y,0 Bl6 C63 D26
m Hex 2[1.0.0] X,2X,Z B25 C72 D35
m Hex 2[2,1,0] 0,v,z B26 C73 D36
m Hex 2[1,1,0] XX,z B19 C66 D29
m Hex 2[1,2,0] x,0.z B27 C74 D37
m Hex 2[0,1,0] 2xx,z B28 C75 D38
m Hex 2[1.1.0] XXz B20 Ce7 D30
2 2[0.0.1] 0.0.z Ble C45 D26
2 2[0,1,0] 0,y,0 B17 C46 D27
2 2[1,0,0] x.0,0 B18 C47 D28
2 2[1,1,0] x.x,0 B19 C48 D29
2 2[1,1,0] X,X,0 B20 C49 D30
2 2[1,0,1] x,0.x B21 C50 D3l
2 2[1,0,1] x,0,x B22 C51 D32
2 2[0,1,1] 0,v,y B23 C52 D33
2 2[0,1,1] 0,y.y B24 C53 D34
2 Hex 2[0,0,1] 0,0,z Bl6 C45 D26
2 Hex 2[1,0,0] x,0,0 B25 C59 D35
2 Hex 2[2,1,0] 2x.x,0 B26 C60 D36
2 Hex 2[1,1,0] x,x,0 B19 C48 D29
2 Hex 2[1,2,0] X.2x,0 B27 C61 D37
2 Hex 210,1,0] 0,y.0 B28 C62 D38
2 Hex 2[1,1,0] X,X,0 B20 C49 D30
1 | 0,0,0 B29 CO D39
1 Hex 1 0.0,0 B29  CO D39

1 1 X,Y,Z B29 C76 D39

1 Hex 1 X,Y,Z B29 C76 D39
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Table 4-7 : Site symmetry restrictions on coefficients of the Ui tensor.
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Chapter 4 XDLSM Least Squares Program for Multipole Refinement

Table 4-9 : Site s

ymmetry restrictions on fourth-order Gram-Charlier coefficients Dijkl,

Cross Number Symbols and coefficient indices
reference | ofindep. | A | B | C D E F G H I J K L M N P
from variables | (1) | (2) | (3) | (1) () 1@ @O @ @ (1) (1] @ (1) (1) (1)
Table 4-6 (1) | )| @) | (1) @ 1@ 6B [ @ (1) (1] @ (1) (2) (2)
(1) | )| @) | (1) @ 1@ 6 [ @ (2) 3] (2) (2) (3)
WIR[IE)] @ @ 161 B [B)] @ (2) B 16 3) 3) 3)
D1 2 A A A 0 0 0 0 0 0 J J J 0 0 0
D2 3 A A C A2 A/2 O 0 0 0 A/2 K K 0 0 K/2
D3 3 A A C 0 0 0 0 0 0 J K K 0 0 0
D4 4 A B A 0 0 0 0 0 0 J K J 0 0 0
D5 4 A B B 0 0 0 0 0 0 J J L 0 0 0
D6 4 A A A D D D D D D J J J M M M
D7 4 A A A D D -D -D -D -D J J J M M -M
D8 4 A A A D D -D -D D D J J J M -M M
D9 4 A A A D D D D -D -D J J J M -M -M
D10 4 A A C A/2 A/2 F 0 -F 0 A/2 K K F/2 -F/2 K/2
D11 4 A A C A2 A/2 O 0 0 0 A/2 K K M M K/2
D12 5 A A C D -D 0 0 0 0 J K K 0 0 0
D13 5 A B A 0 0 F -F 0 0 J K J 0 0 0
D14 5 A B B 0 0 0 0 H -H J J L 0 0 0
D15 ) A A A D E E D D E J J J M M M
D16 ) A A A D E -E -D -D -E J J J M M -M
D17 ) A A A D E -E -D D E J J J M -M M
D18 ) A A A D E E D -D -E J J J M -M -M
D19 5 A A C A/2 A/2 F 0 -F 0 A/2 K K M M-F K/2
D20 6 A B C 0 0 0 0 0 0 J K L 0 0 0
D21 6 A A C D D 0 0 0 0 J K K 0 0 P
D22 6 A B A 0 0 F F 0 0 J K J 0 N 0
D23 6 A B B 0 0 0 0 H H J J L M 0 0
D24 6 A B C D B/2 O 0 0 0 B/6+2D/3 K L 0 0 L/2
D25 6 A B C A/2 E 0 0 0 0 A/6+2E/3 K L 0 0 K/2
D26 9 A B C D E 0 0 0 0 J K L 0 0 P
D27 9 A B C 0 0 F G 0 0 J K L 0 N 0
D28 9 A B C 0 0 0 0 H I J K L M 0 0
D29 9 A A C D D F G -F -G J K K M -M P
D30 9 A A C D D F G F G J K K M M P
D31 9 A B A D E F F -E -D J K J M N -M
D32 9 A B A D E F F E D J K J M N M
D33 9 A B B D E -D -E H H J J L M N -N
D34 9 A B B D E D E H H J J L M N N
D35 9 A B C D B/2 F 1/2 H I B/6+2D/3 K L  H/6+2F/3 H/2 L/2
D36 9 A B C A/2 E 0 0 H I A/6+2E/3 K L M M K/2
D37 9 A B C D B/2 F G 0 0 B/6+2D/3 K L M M L/2
D38 9 A B C A/2 E F G H G/2 A/6+2E/3 K L F/2 F/6+2H/3  K/2
D39 15 A B C D E F G H I J K L M N P
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