
X� � �TT
j �����T i�X�

Thus, it is necessary to find angular relationships which satisfy the
relation

��� � �TT
j �����T i�

for given Patterson symmetries. Tollin et al. (1966) show that the
Eulerian angular equivalences can be expressed in terms of the Laue
symmetries of each Patterson (Table 2.3.6.2).

The example given by Tollin et al. (1966) is instructive in the use
of Table 2.3.6.2. They consider the determination of the Eulerian
space group when P1 has symmetry Pmmm and P2 has symmetry
P2�m. These Pattersons contain the proper rotation groups 222 and
2 (parallel to b), respectively. Inspection of Table 2.3.6.2 shows that
these symmetries produce the following Eulerian relationships:

(a) In the first crystal (Pmmm):

�1�2�3 � �� �1, � �2,�� �3 �onefold axis	
�1�2�3 � �� �1, �� �2, �3 �twofold axis parallel to b	
�1�2�3 � �� �1, �2, �3 �twofold axis parallel to c	�

(b) In the second crystal �P2�m	:
�1�2�3 � �� �1, � �2,�� �3 �onefold axis	
�1�2�3 � �1,�� �2, �� �3 �twofold axis parallel to b	�

When these symmetry operators are combined two cells result, each
of which has the space group Pbcb (Fig. 2.3.6.5). The asymmetric
unit within which the rotation function need be evaluated is found

from a knowledge of the Eulerian space group. In the above
example, the limits of the asymmetric unit are 0 
 �1 
 ��2, 0 

�2 
 � and 0 
 �3 
 ��2.

Non-linear transformations occur when using Eulerian symme-
tries for threefold axes along [111] (as in the cubic system) or when
using polar coordinates. Hence, Eulerian angles are far more
suitable for a derivation of the limits of the rotation-function
asymmetric unit. However, when searching for given molecular
axes, where some plane of � need be explored, polar angles are
more useful.

Rao et al. (1980) have determined all possible rotation function
Eulerian space groups, except for combinations with Pattersons of
cubic space groups. They numbered these rotation groups 1 through
100 (Table 2.3.6.3) according to the combination of the Patterson
Laue groups. The characteristics of each of the 100 groups are given
in Table 2.3.6.4, including the limits of the asymmetric unit. In the
100 unique combinations of non-cubic Laue groups, there are only
16 basic rotation function space groups.

2.3.6.4. Sampling, background and interpretation

If the origins are retained in the Pattersons, their product will
form a high but constant plateau on which the rotation-function

Table 2.3.6.2. Eulerian symmetry elements for all possible
types of space-group rotations

Axis Direction First crystal Second crystal

1 ��� �1, � �2,�� �3	 ��� �1, � �2,�� �3	
2 [010] ��� �1,�� �2, �3	 ��1,�� �2,�� �3	
2 [001] ��� �1, �2, �3	 ��1, �2,�� �3	
4 [001] ����2� �1, �2, �3	 ��1, �2,��2� �3	
3 [001] ��2��3� �1, �2, �3	 ��1, �2, 2��3� �3	
6 [001] ����3� �1, �2, �3	 ��1, �2,��3� �3	
2* [110] �3��2� �1,�� �2,�� �3	 ��� �1,�� �2, � 3��2� �3	

* This axis is not unique (that is, it can always be generated by two other unique
axes), but is included for completeness.

Fig. 2.3.6.5. Rotation space group diagram for the rotation function of a
Pmmm Patterson function �P1	 against a P2�m Patterson function �P2	.
The Eulerian angles �1, �2, �3 repeat themselves after an interval of 2�.
Heights above the plane are given in fractions of a revolution.
[Reprinted from Tollin et al. (1966).]

Table 2.3.6.3. Numbering of the rotation function space groups

The Laue group of the rotated Patterson map P1 is chosen from the left column and the Laue group of P2 is chosen from the upper row.

1
2/m, b axis
unique

2/m, c axis
unique mmm 4/m 4/mmm 3 3m 6/m 6/mmm

1 1 11 21 31 41 51 61 71 81 91

2�m, b axis unique 2 12 22 32 42 52 62 72 82 92

2�m, c axis unique 3 13 23 33 43 53 63 73 83 93

mmm 4 14 24 34 44 54 64 74 84 94

4�m 5 15 25 35 45 55 65 75 85 95

4�mmm 6 16 26 36 46 56 66 76 86 96

3 7 17 27 37 47 57 67 77 87 97

3m 8 18 28 38 48 58 68 78 88 98

6�m 9 19 29 39 49 59 69 79 89 99

6�mmm 10 20 30 40 50 60 70 80 90 100
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