4 INTERFERENCE PHENOMENA WITH COMPTON SCATTERING

Lonsdale (1947) ascribes the divergent-beam pattern
to secondary extinction. The experiments seem to
show that the Compton interference lines must also
be due to secondary extinction. Diamonds showing the
interference effect are probably perfect over very small
regions. The interaction between the Compton radia-
tion emitted from an atom and the surrounding atoms
within a perfect region is thus small and probably
without importance for the appearance of the inter-
ference line. The fact that perfect diamonds do not
give interference diagrams is further evidence, that
secondary extinction, and not the nature of the wave-
field in a perfect crystal, is the cause of the inter-
ference pattern. Since the crystal must be large enough
for the secondary extinction to be effective, it is
understandable why small diamonds do not show
interference lines.

When radiation is reflected in a certain direction
from the lattice planes, the intensity of the incident
beam is reduced. Reflection from the opposite side of
the planes will in the same directions decrease and
increase the intensity respectively. From energy con-
siderations we would expect the sum of the excess and
defect of intensity compared to the general background
to be zero in the two directions. With [110] vertical
and [111] in the direction of the incident beam, three
of the (111) lines pass close to the undeviated beam.
The value of ¢ for Compton radiation in such a direc-
tion is close to zero, and considerably smaller than for
the Compton radiation reflected in the same direction
by the lattice planes. As expected, the lines appear
dark. The corresponding light lines in the background
are also seen.
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Closing remarks

It has been shown that the interference pattern ob-
served for diamond is due to Compton radiation
emitted from the atoms within the crystal and re-
flected from the lattice planes. The fine structure of
the lines is explained by assuming secondary extinc-
tion. Such interference diagrams may also be obtain-
able with other mosaic-type crystals. Like diamond,
they should have low absorption and certain strongly
reflecting planes.

The present work was carried out at the Polytechnic
Institute of Brooklyn, and I am indebted to Prof.
Fankuchen for use of the laboratory and X-ray equip-
ment. My thanks are due to Prof. Ewald for suggest-
ing the problem, for obtaining the necessary diamonds,
through the courtesy of Dr Grenville-Wells, and for
his advice during the investigation. My work in
Brooklyn was made possible through a grant from the
International Cooperation Administration, for which
I want to express my gratitude.
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The Utilization of Relationships between Sign Relationships

By M. M. WooLrson
College of Science and Technology, Manchester 1, England

(Received 24 June 1957)

It is shown that sign relationships are interrelated in such a way that the failure of one particular
sign relationship may inevitably lead to the failure of a number of others. A method of utilizing
these interrelationships is illustrated by the determination of signs for projections of the (known)

structures of purpurogallin and x-glucose.

For the application of direct methods of sign deter-
mination it is often convenient to represent the un-
known signs by alphabetical symbols. In this paper
the nomenclature suggested by Woolfson (1957) will
be followed, and two-dimensional reflexions (say of
type hk0) are divided into four groups

(a) h even k even;
(6) hodd k odd;
(¢) hodd keven;
(d) heven k odd.

The signs of the reflexions of group (a) are represented
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by the symbols a,, a,, ... etc. and similarly for the
other groups, each symbol being taken as either +1
or —1.

Cochran & Douglas (1955) found it convenient to
express sign relationships as equations of the form

pgr =S8,

where p, ¢ and r are the signs of three reflexions and
the value of s is either +1 or —1, but more probably
+1.

The signs of groups (a), (), (c) and (d) can be inter-
related in five ways, by relationships of type

GAq = Sy,
a,bb, = s,,
ACsC = Sy »
a’rdsdt =8z,
b.cd, = s, .

It is sometimes found that the relationships fall into
sets such as

a,a,q4, = 8y , asbsbu = 83,

a.bb, = s, , a,b,b, = 84,
from which it can be seen that
8189838, = +1. (1)

Such relationships between the symbols s are, in
fact, found and used in the Cochran & Douglas method.
From (1} it can be seen that if one of the sign relation-
ships fails then at least one other must also fail; of
the four values of s either four, two or none must be
+1.

Let us now see how this sort of relationship may be
utilized. As an example we shall take the 2k0 projec-
tion of purpurogallin (Dunitz, 1952; Taylor, 1952)
for which the two-dimensional space group is pgg. The
32 largest unitary structure factors (those for which
{U| = 0-25) are divided into four groups and sign
symbols are allocated as shown below:

a; = s(0,4) ¢, =s(1,12)
a, = s(0, 186) ¢, = 8(3, 8)
a; = s(0, 24) c; = (3, 20)
a, = s(2,20) ¢y = 8(3, 24)
a; = s(6, 14) cs = s(5, 14)
a; = s(6,18) ce = 8(5, 18)
a, =s(8,4) ¢, = 8(7, 6)
ag = (8, 6) cg = 8(9, 4)
a, = s(8,10)
a,e = (10, 0) d, = s(2, 11)
a,; = s(10, 8) d, = 8(2, 21)
a, = (4, 2) ds = s(2, 23)
d, = s(4, 3)
b, =s(3,21) d; =s(6,7)
by, = s(7,15) dy = s(8, 1)
b, =s(9,1) d, = (8, 3)
b, =s(11,11) dg = s(8,7)

5

The sign relationships interrelating these reflexions

are:
A58y = 1 — Q310103 = S5
G50 = Sy Q120105 = Sgg
a5y = 83 A19C2C7 = Sy
A1y = 8 —a,degd; = Sy
Axlglg = S5 aydyds = Spg
AyQgAys = Sg aydady = 83
Q40508 = 87 asd\d;, = sy
Ayy90ys = Sg —asdid; = 83
aghiby =8 asdody = 33
A1C3€4 = Syo —agdody = Sy
A1C5€6 = S11 agdyd; = Sy
TAC5Ce = Spg —agdidg = Sg
—a3616; = Sy3 ~adyds = Syy
—AyCiCp = Sy agdydy = Sz
—OyCsC7 = Sy5 —ayd1d; = Sy
—QAgliC; = S1¢ —Qy5loty = 4o
—Aglsle = Sy Q198406 = Sy
—QglsC; = 818 —biCedy; = Sy
—QgleCs = Sy —bicsdy = 843
—Qgl1C7; = Sgp ~bycidy = Sy
—QCsC5; = Sy —byted; = 845
—QyColg = Spg —bytods = 46
T Q100505 = Seg3 ~byceds = S4q
—Q10CCe = Saq byCad; = S4g

The negative signs in these equations arise owing to
space-group considerations. The approximate theory
of sign relationships (Cochran & Woolfson, 1955)
applied to the data shows that only two or three of
the values of s should be —1. Allowing the theory a
margin of error we should not expect more than four
of the sign relationships to fail. If these sign relation-
ships are used to derive signs by the usual chain process
then the early acceptance of a non-valid sign relation-
ship has catastrophic effects on sign determination
from that point on.

Now relationships are sought between the values
of s, a procedure which, after some practice, can be
carried out in a reasonably systematic way. A non-
exhaustive selection of such relationships is given
below:

817519521522 = +1 2

( 831533834536 = T1
S10511518522 = +1 (3

(
831832534835 = +1 (13
(

)
)
)
)

83811819802 = +1 (4 811510502503 = 1

8381051851 = +1 (5 895839544525 = +1 (15
86514516527 = T1  (6) S¢8325428as = +1 (16
8e515516526 = +1  (7) 814515519520 = +1 (17)
89899832836 = T1  (8) 814515526527 = +1 (18)
S982953383s = +1  (9) 819520526527 = +1 (19)
S8¢S305aa520 = +1 (10) 82811531535542803 = +1 (20)
830533835536 = +1 (11) 83519520520542843 = +1 (21)
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Many more such relationships may be found, par-
ticularly ones involving more than four values of s.
Some of those listed above are interdependent: for
example (19) may be inferred from (17) and (18).

Examination of this list of relationships shows that
six of them, (2), (4), (14), (17), (19) and (21), involve
S19- These are written out in the following way:

S19520 817891 = +1 (2)
S19522511 83 = +1 (4)
S19 S11542543 = +1 (14)
19 820814815 = +1 (17)
S19 90526527 = +1 (19)
S19820  SqpSsg  SpeS3 = +1 (21)

A study of these equations shows that if s, equals
—1 then at least four other s’s must equal —1, for
example Sy, Sy, 8,3 and sy, The failure of these may
lead to other failures and so on. Thus if the sign
relationship corresponding to s, fails then at least
five relationships of the set s;—s,, must fail. This is
greater than the total number of failures expected
and it is therefore almost certain that s,y equals +1.
Since so few sign relationships are expected to fail in
this case, it might be expected that any sign relation-
ship will hold if its failure will lead to three or more
failures in all. By this method of examination several
of the sign relationships are found which are almost
certain to hold. Only these are accepted in a chain
process of sign determination; any others are used
only to find single signs which are not in their turn
used to find other signs. In this way the failure of one
of the less certain sign relationships will not propagate
itself into a large number of incorrect sign determina-
tions.

For purpurogallin this process enabled enough sign
relationships to be established as ‘inviolable’ to find
eight possible sets of signs for 27 of the original 32
reflexions. Of these solutions one had only two in-
correct signs, d; and a,y. The incorrect sign determina-
tion for d; was due to the failures of s5, and s,,, which
oceur in relationship (10). However, since sy, and s,,
each require only one other failure (each other in this
case) these relationships were not used as part of the
chain process of sign determination. The other in-
correct sign, that for the axial reflexion a;;, was
indicated as negative from sy, and s,,.

This process has also been tested with the data for
the ~k0 projection of x-glucose (McDonald & Beevers,
1952). An interesting case arises here involving the
signs

as = s(6, 10) ¢, = 8(3,12)
ag = s(12, 4) cs = 38(9,8)
by, = s(3,11) d, = (6, 9)
¢ = $(3, 2) ds = s(6, 13)

These give rise to the following sign relationships:

bycidy = sy,
—Q3C1Cq = Sy5
—bye1dy = 8y

—Qglole = Spy
T30y = 8oy
—gdydy = Sp3

from which it is found that
$12516520521520823 = —1 .

This means that at least one of the six sign relation-
ships must fail. It may also be found that s, s, and
S8y3 are almost certaily equal to +1, which indicates
that the failure must be one of the sign relationships
corresponding t0 sy, Sy OT 8py. These three sign rela-
tionships are therefore avoided in the process of sign
development.

In conclusion it must be pointed out that the ex-
amination of relationships between sign relationships
can be of use only in those cases, such as purpurogallin
and «-glucose, where sign relationships hold with high
probability. When sign relationships are expected to
break down more often it is less likely that the failure
of any one sign relationship will lead to so many
other failures that definite conclusions may be drawn.

I must express my gratitude to Professor H. Lipson
and Dr C. A. Taylor, who suggested purpurogallin as
a suitable test structure and provided the necessary
data.

References

CocEran, W. & Dovcras, A. S. (1955). Proc. Roy. Soc.
A, 227, 486.

CocerAN, W. & Woorrson, M. M. (1955). Acta Cryst.
8, 1.

Dunirz, J. D. (1952). Nature, Lond. 169, 1087.

McDonarp, T.R. R. & BEEvERs, C.A. (1952). Acta
Cryst. 5, 657.

TavLor, C. A. (1952). Nature, Lond. 169, 1087.

Woorrson, M. M. (1957). Acta Cryst. 10, 116.



