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The intensity equation and three dimensional Patterson function were calculated for

the case of the anti-phase domain structur

The intensity of the beam diffracted by a
one dimensionally disordered crystal was
given by Wilson" as

o
[(hk@)=NJot S (N—m) Jue=m0+conj.,
m=1

p=2nC, (1)
where N is the number of layers, ¢=2z(
and { the parameter along c¢*. . is the
mean of products of two layer form factors
separated by m layers and is expressed as??

Jn=spur VFP" (VF),=w,V,V*,
(P>st:Psg, (2)

where V, is the layer form factor of the
layer of s-kind, w, the existence probability
of finding V, at any position and P, the con-
tinuing probability of finding V; after V..

One of the important examples is the dis-
placement stacking fault to which the stack-
ing fault in the close packed structures and
the anti-phase domain structures belong. In
the latter case we have two kinds of layer
form factors as

V, and V,=eV, where e=(—1)"* (3)

Fig. 1.
gu-1
Fig. 2.

e and some examples are shown.

corresponding to the out-of-step indicated by
u shown in Fig. 1.

In the case where the out-of-step is found
at every M layers as shown in Fig. 2 the
intensity is expressed by
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From this equation we can find that the peaks.
are found at

2n+1
= 5)
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with intensities proportional to
Vl Vl*
Y 6y
sin?n{, ° (6)

Most of examples show such a normal in-
tensity distribution, but some exceptional
cases show abnormal intensity distributions.
For example, Fujiwara® found such an ab-
normal intensity distribution as shown in
Fig. 3 which was explained by him by a
model as shown in Fig. 4.
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In the case when the period is 2M and the
even order spectra disappear the intensity is |
generally expressed as
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which has its maxima at
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sz—l L0,1,2 -, 2M—1. (8) @n+bn=DM—m, hence eq. (9) turns to
M 7 1 5 mi
=—— m COS | m——
Here S is a kind of structure factor corres- " sin?zg m—1 ( M ) ’
ponding to the distribution of the phase /
Ly= [z odd (10)

oM’
of which the first term shows the normal
intensity distribution and the second one

factors e==1 and is expressed as
2

L= lsm:‘ S ey exp (2ripl)

_Mi‘ %‘ I {m- (p—q! } contributes to the abnormal one.
TRl M For the Fujiwara’s example eq. (10) is
M1 il . written as
=M+ > (@m—0bm) exp<—mﬂ—>+con]. , (9) 1 i
il Li=ls 1= ——7—5—43 (bn—Dbo_m)cos (ml-20°)
where ¢g—p=m and a, and b, are the num- sin? /-10 LS
bers of pairs separated by m layers in 11)

which ep,=-+1 and —1, respectively. So and four (bn—by—n)’s are

b,—bs=4, by—b:=6, bs—bs=0, and b,—b;=—2. (12)

Substituting eq. (12) into eq. (11) [;’s are calculated as

{11:[17:1.1, [3:[15:4.0, [52113:33.2 (13)

I;=1,,=1.7, and 1,=1.0

which are the same as the intensities shown in Fig. 3, respectively.
It is desirable, however, to get the model directly from the observed data. I,’s given by

eq. (11) are
1,=33.16—3.76(b; — bs)—3.06(bs— b:)— 2(bs— bs)—0.70(b,— bs)
L= 4-2 ( » )+ 2 » )+4 » )+ 2( » )

Ii= 1.70+0.70( » )+3.76( » )—2( » )—3.06( » ) (14)
lhz 1.13+3.06( » )—0.70C » )—2( » )4+3.76( » )
L= 1+4 ( r )— 4(C » )44 » )— 4( » )
On the other hand the intensities on the elec- b;—bs=0 hence 2I,+1,=9 . (@173
tron d'iffraction photographs may be estimated, Since both I, and I, are integers and I,>1,
even in the worst case, as follows: e il
I,>4l, and I,>1,, I; and I, . (15) L—4 and L—1. 18)
In gddition to this there are some restrictions Finally following inequalities are obtained
which are from eq. (14)
Xht+htl+h)+h=M=81 29.16 < 6.82(by—by)+4.45(b,—by) <33.16
I, and I are integers (16) {—1.1332.37(b2—b7)+6.82(b4—b5)< 287, 9
- —mM=<(bn—bo-m)<9—m ) the unique solution of which is found to be
be abtained. The Tast. condition is found fo t—br=6 and bi—bs=—2 giving Bty

be satisfied only when
— The final structure 22221 is derived even
bs—bs 213 + Is| Ii+Is+ ;=381 —2L;—1I5) condition, from p,—ph,=6 only, because this value is

I:;>413 . .
near its maximum value 7.
0 9 36 satisfied When the intensity shows a diffuse scatter-
1 21 30 not ing and is given by

2 33 24 not I(h, h+2n+1)=2zNV,Vi*L(¢),  (21)
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DISCUSSION

S. Ocawa: I wish to give some comments about the non-integral values of domain
size, say M'=1.8, talked by Prof. Kakinoki just now. Even if the structure with
non-integral domain size has not a strictly regular period, the diffraction maxima will
not be largely changed in their intensity and diffuse scattering produced will be vanish-
ingly weak. These effects may be difficult to be detected experimentally. I must say
that Dr. Watanabe found a very weak diffraction maximum at one of #/2vM’ positions
in Au;Mn. Here 2vM'=2M=18 in Prof. Kakinoki’s talk. This fact means that the
anti-phase structure with non-integral domain size has a period 2vM’, though this
may not be strictly regular.

J. Kakmoxkr: 1 agree with your opinion that the intensity can not be measured much
accurately in electron diffraction so that neither the weak spots nor the diffuse scatter-
ing may be observed. But the method I mentioned may limit, without any missing,
the number of structures by which the observed intensities are well explained.






