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It is known (Buerger, 1949) that the relationships be-
tween structure factors generated by space-group opera-
tions may be described by the use of the operations of
the point group isomorphous with the space group
considered, and of phase factors related to the transla-
tional components of the space-group elements. However,
none of the existing space-group tables lists all inde-
pendent relations, nor does there appear to exist a simple
derivation of them (see, however, MacGillavry (1950)
and Patterson (1952)). Such a derivation is given in the
following, and an example provided.

Let C; be any space-group operation relating the vector
r to Ojr = tj+4;.r, where t; is the translational com-
ponent of the operation and 4; is a dyadic corresponding
to the proper or improper rotation isomorphous with Cj.
The value of t; depends on the position of the origin
relative to the plane, axis, or center of 4;. For proper or
improper rotations the conjugate dyadic Ajc is equal
to the inverse dyadic A,—‘l, which relation insures in-
variance of distances (see, for example, Zachariasen
(1945)).

Consider the structure factor

Fh = S o(r) exp (2nih.r)dV ,
unit cell

in usual notation. Since o(Cjr) = o(r),

Fp = Sg(r) exp [2ni(h.Cjr)]dV
= exp 2ni(h.t) | o(r) exp [2mi(h. 4;.1)]dV .

The integral may be interpreted as structure factor
Fn), where h® = h.4; = A7'.h is related to h by
the inverse of the operation A;.
Thus
Fni) = exp (—2nih.t)Fp .

To obtain all independent relations between the struc-
ture factors only those operations C; need be considered
whose rotational components completely generate the
point group isomorphous to the space group. This means
that from a knowledge of the Hermann-Mauguin symbol
all independent relations may be derived. If the symbol
is redundant, relations which are dependent result.
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The form of the relations depends on the choice of the
origin. If the proper components of t; are in doubt,
consideration of the parameters related by the operation
C; will provide them, as will be apparent in the following
example.

Example—Space group Pn3n; origin at center of
symmetry.

In self explanatory notation:

Type of
operation Cj(z, v, 2) t; Fry =
7o,z & t+y, 1+z 0,3, 3% (— 1Yk Fiyg
3z,2,21 Y2 0,0,0 Fy
Nz,z,z) Y 44w, 342 b 44 (= 1)rHEH Fry
4}, 4,29 t—y,m2 3,0,0 (—1)*Fuiy
41,1, Y t—=x,z2 0,40 (—1)* Fin

Since the point group isomorphous with Pn3n contains
47 operations different from identity there will be 47
relations among structure factors. However, only the
relations of the first three lines of the table are inde-
pendent: for instance, those of lines 4 and 5 follow from
combination of lines 2 and 3, while Fpy = F3j5 is a
consequence of lines 1 and 2. Note the importance, in
lines 4 or 5, of the fact that the indices hkl are related
by the dyadic inverse to the one which (except for t;)
relates the parameters. Since line 5 deals with the inverse
of the operation of line 4 the indices k%l on line 4 are
related to Akl in the same way as the parameters on line 5
are related to x,y, z (except for t;), and inversely.
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It is gratifying to find that the qualitative X-ray ex-
amination carried out by Bergman & Jaress (1955) on
powder specimens and on orientated aggregates of
‘single crystal’ domains leads to an approximate structure

for the Ag-Zn { phase which, in so far as it goes, is in
agreement with the more detailed structure given by
Edmunds & Qurashi (1951) and based on measured
intensities of X-ray powder reflexions. Nevertheless, the



