232

Acta Cryst. (1968). A24, 232
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By the use of the X-ray Pendellsung fringes in « quartz including a single Dauphiné twin, the ratios
of the structure factors having the forms of Ak, and hk,[ were determined with an accuracy of about
a few tenths of one per cent. In the most favourable case, namely, the case of |Fio.1l/IF,,.7l, the agree-
ment between independent measurements for the same specimen was better than 0-1 %. The values of
the ratios for the extinction-corrected structure factors |Feorr| and the structure factors |Fea calculated
from the proposed structure in recent investigations (Young & Post, Acta Cryst. (1962), 15, 337; Zacha-
riasen & Plettinger, Acta Cryst. (1965), 18, 710) are in accordance with the present ones within the
mean deviation of about a few per cent, whereas the ratios for the observed values | Fobs| differ from ours
more than ten percent. Some critical remarks on the Pendelldsung method of determining structure
factors, particularly by means of traverse-type topographs, are put forward.

1. Introduction

Recently, it has been shown that X-ray Pendelldsung
fringes, a diffraction-interference effect in crystals which
was theoretically predicted by Ewald (1916a,b, 1917)
and first observed by Kato & Lang (1959), can be used
for determining structure factors accurately on the abso-
lute scale (Hattori, Kuriyama, Katagawa & Kato,
1965). By the use of wedge-shaped crystals, the Pendel-
16sung fringes are recorded in diffraction topographs
of both section and traverse types. The structure factor
|Fy| is inversely proportional to the fringe spacing Ay
in each type of topograph, i.e.

|Fgl =/f4(2,0B)Pg/Aq . M

In this equation, fy is a well-defined function depend-
ing upon the type of topograph, 4 and @p are the wave-
length and the Bragg angle respectively, and &y is a
geometrical factor depending upon the shape and the
experimental setting of the crystal (Kato, 1961; Hat-
tori, Kuriyama, Katagawa & Kato, 1965; Hattori,
Kuriyama & Kato, 1965; Hart & Lang, 1965). Al-
though the applicability of the method is limited to
crystals which are available in a very perfect state, it
seems important to develop the present method further,
because the structure factor is the most basic quantity
in crystal structure analysis and because the present
method is free from any ambiguity due to extinction
effects.

In the previous work (Hattori, Kuriyama, Katagawa
& Kato, 1965), the structure factors could be deter-
mined with an accuracy of about 1% for silicon single
crystals. The difficulty of improving the accuracy was
entirely due to the difficulty in determining the geo-
metrical factor @,. The fringe spacing itself could be
determined with an accuracy of about 0-1%; in favour-
able cases. Recently, therefore, Kato & Tanemura
(1967) designed a new experiment for determining

structure factors directly on the scale of the zero order
structure factor, F,, by eliminating the geometrical fac-
tor @,. Obviously, the |Fy| values obtained by this ex-
periment are truly absolute because F; signifies the
total number of electrons in a unit cell. The principle
is to take the ratio of equation (1) and the similar
equation in X-ray interferometry (Bonse & Hart, 1965),

Fo=8(4,0B)®o/Aq , ¥))]

where g(4,05) is a function similar to the function f
in equation (1), 4, is the spacing of the thickness fringes
and @, is a geometrical factor corresponding to A,.
In fact, the condition @4=®, could be realized easily
in the separate experiments for observing the Pendellds-
ung fringes and the thickness fringes.

The present paper describes another application of
this principle. Here, we are concerned with the ratio
of a particular pair of structure factors. In a quartz
including a single Dauphiné twin the Pendelldsung
fringes due to a pair of different net planes, 4k,/ and
hk,l, can be recorded simultaneously on a single plate,
with the same arrangements of X-ray beams by travers-
ing the crystal without rotation, because the Bravais
lattice is not altered by the twinning. Thus, we can
realize the condition @, ;=Prk,; by the use of well-
prepared wedge crystals. The ratio of the structure fac-
tors, therefore, can be given simply by

P=|Fuk, /| Fr, 7l = Ak, 7/ Ank,1 3

where Ank,1 and Ang,7 are the fringe spacings obtained
from the respective parts of the crystal divided by the
twin.

The main purpose of this experiment is to discuss
critically the current state of accurate determination
of structure factors. Since we believe that the accuracy
in this experiment is better than that in conventional
experiments for the determination of structure fac-
tors, their accuracy may be checked by comparing
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the ratios of structure factors, obtained by conventional
methods, with ours. Here, the values of structure fac-
tors obtained by Young & Post (1962) and Zachariasen
& Plettinger (1965) are discussed.

In this experiment, traverse-type topographs are used
specifically although the same thing can be done by
using section-type topographs. A few critical remarks
are made on the application of traverse patterns to the
determination of structure factors.

2. Experimental

Specimens

We need crystals which include only a single Dau-
phiné twin but are free from dislocations and other
plate-like defects. For this purpose several plates of
natural quartz were examined by Lang’s (diffraction)
topograph method. From the selected crystals three
wedge-shaped specimens [(a), (b) and (c)] were prepared
by cutting with a diamond wheel and grinding with
4000-mesh alundum by the aid of a metal gauge. Sur-
face damage could be eliminated by etching with 469
hydrofiuoric acid for about three minutes. Since the
etching time was short, neither rounding off of the
wedge shape nor roughening of the crystal surfaces
occurred appreciably.

X-ray diffraction topographs

The diffraction topographs were taken by an X-ray
spectrometer having a traverse stage. Ag Ku«; radiation
was used throughout this experiment. The X-ray source
was about 40 x in diameter. The distance between the
source and the specimen was about 35 cm. The net
plane was always set vertically so that the Bragg re-
flexion took place in a horizontal plane. A long slit of
100 ¢ in width was put vertically in front of the spe-
cimen for the traverse patterns, whereas a 20 y slit was
used for the section patterns. The vertical divergence
of X-rays effective to diffraction was less than 1°. The
geometrical conditions described in the paper of Hatto-
ri, Kuriyama, Katagawa & Kato (1965) with respect to
the specimen, the incident X-rays and the recording
plate were nearly satisfied, although they were not re-
quired to be satisfied exactly in our experiment. Fig. 1
illustrates an example of the geometrical relations be-
tween the X-rays and the crystal ‘including a twin.
Nuclear emulsion plates were used for recording the
topographs.

The measurement of the fringe spacing

Some examples of X-ray topographs used for the
measurements are shown in Figs.2, 3 and 4. The Pen-
delldsung fringes appear in the wedge-shaped part of
the crystal. They are parallel to one of the crystal edges.
Other fine fringes are due to plate-like defects (Kato &
Lang, 1959) which have been discussed theoretically
(Authier & Sauvage, 1966; Kato, Usami & Katagawa,
1966).

In some cases, the Pendelldsung fringes are slightly
distorted in a band region of about 0-1 mm in width
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close to the twin boundary. The distortion is clearly
due to a lattice distortion (Kato & Ando, 1966; Ando
& Kato, 1966) .A few plate-like defects are always in-
cluded in the crystals, but none of them exist in the vi-
cinity of the twin boundary concerned in favourable ca-
ses [specimen (a)]. In one case, the fringes were systemat-
ically distorted along a straight line. This is presumably
due of a simultaneous reflexion on another net plane
(Hart & Lang, 1961). In view of these circumstances,
the measurements were carried out along a set of two
parallel lines, each running on one side of, and at
about 1 mm apart from, the twin boundary dividing
the crystal. One of the two parts is denoted by 4 and
the other by B. The regions in which the fringes were
deformed appreciably were carefully avoided as far as
possible in the measurements.

Fringe spacings of both the maxima and the minima
were measured by similar procedures to those described
in the paper of Hattori, Kuriyama, Katagawa & Kato
(1965). In this experiment, however, the original plates
were used instead of the magnified plates. Since the
size of the specimens was about 10 mm along the edge,
the wedge angles along the lines of the measurement
can be assumed safely to be equal to each other. This
point was confirmed experimentally by comparing the
wedge angles of the section patterns for the parts A4
and B.

3. Experimental results

From careful measurements it was evident that the frin-
ge systems of the parts 4 and B of specimen (a) were
exactly parallel to each other, whereas the fringe sys-
tems in specimens () and (c) were inclined by angles
of 20 minutes and 40 minutes respectively. So far, we
cannot explain properly the origin of such a difference.
For this reason, only specimen (@) was used for the
extensive studies on the various net planes. Since, how-
ever, the inclination was very small, specimens (b) and
(¢) were also used for comparison with the results ob-
tained from specimen (a), as will be explained later.

s /

A

Fig.1. The relations between the wedge-shaped twinning
crystal and the X-ray intensity fields on the exit surface. 4
and B are the parts divided by the twin boundary 7. The
horizontal arrows indicate the traverse direction.
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The net planes of the type {40,/} are specifically stu-
died with specimen (@)*. As easily expected from the
twin relation, the topographs due to 40,/ and 40,/ re-
flexions can be recorded on a plate simultaneously cor-
responding to the parts 4 and B. The fringe spacings
are listed in the column headed A of Table 1. Here
the figures after the double sign imply the probable
errors calculated on the assumption that the fringes
should be equally spaced. In the column headed Ac¢orr,
the spacings corrected for the polarization effects are
listed. The principles of the correction will be explained
in §4. The figures in the column headed N are the
numbers of the fringe maxima and minima used for ob-
taining the spacing. The ratios, P, of the structure fac-
tors defined by equation (3), namely the ratios of the
corrected values Acorr, are listed in Table 2. For com-
parison, the corresponding values calculated from the
structure factors of Young & Post (1962), and those
of Zachariasen & Plettinger (1965) are also included
in Table 2.

Table 1. The observed and corrected fringe spacings

A Acoff N
Net plane w (»)

10,1 73-883+0-02¢ 73-894 +0-026 54
10,T 112:364+0-054 112:375+0-054 36
10,2 233-3,+0-2; 233-4¢+0:02, 20
10,2 473-5;+0-87 473-7,+0-87 8
10,4 233-35+0-2¢ 232:95+0-1g 20
10,4 43450+ 0-2¢ 438-19+ 049 6
10,5 42237+ 2-8; 41494+ 1-64 8
10,3 252-85+ 0-63 253-14+0-2 18
20,1 110-13+0-15 110:35+0-15 16
20,1 172-73+0-1¢ 172:9,+0-14 12
20,2 308-55 +0-75 3093, +0-63 12
20,2 146-469 + 0-123 146174+ 0-095 24
20,3 115:16; +0-04¢ 115:234 4 0-04, 40
20,3 224-74+0-2 223174015 20

In order to check our results, the following experi-
ments were performed with respect to {10, 1} reflexions.
Hereafter, 10,1 and 10,T are denoted by R and r, re-
spectively.

(i) Using the same specimen, we took a pair of topo-
graphs in which part 4 gave the R reflexion or the r
reflexion. Hereafter, these conditions will be denoted
by A(R) and A(r), respectively. Obviously, conditions

* As mentioned in the Introduction, the present method
can be applied to kk,! reflexions in general without limitation.

A(R) and A(r) are equivalent to conditions B(r) and
B(R), respectively.

(ii) By the use of different specimens the ratios of
the structure factors were compared with one another.
The results are listed in Table 3. From these, we
notice that the agreement between the independent
measurements are very satisfactory. The discrepancy
between A(R) and A(r) conditions in specimen (a) is
less than 0-1%. Even for the most unfavourable spec-
imen (c) in which plate-like defects could not be avoid-
ed, the agreement was within about 0-5%;. In specimen
(b), plate-like defects were actually included, as seen
very faintly in Fig.3. For this reason A(R) condition
was not studied with this.

Table 3. The ratio P=|F,|/|Fyo 3| for different
geometrical conditions and different specimens

Specimen Geometry P

(a) A(r) 0-65756+0-0003;

A(R) 0-65713 + 0-0004,

b) A(r) 0:65965 4 0-00044

(0 A(r) 0-6566; + 0-00064

A(R) 0-66033 + 0-00064

The geometrical conditions A(R) and A(r) are explained in
the text.

4, The causes of errors and the corrections

The effects of X-ray polarization

The two components of polarization of the incident
X-rays produce two mutually incoherent fringe systems
having slightly different spacings in the crystal. Owing
to the beating of these fringe systems the fading of the
fringes appears in the topograph patterns even for per-
fect crystals (Hart & Lang, 1965; Hattori, Kuriyama
& Kato, 1965). The example is indicated by arrows in
one of the photographs. The observed fringe spacing
is given by the inverse arithmetical mean of the spac-
ings of the two fringe systems. In addition, the ob-
served fringe positions are not equally spaced in the
vicinity of the fading region. This phenomenon has
previously been discussed in detail in the case of section
topographs (Hattori, Kuriyama & Kato, 1965).

For traverse patterns, the displacements of the
fringes from the equally spaced positions are given by

Al =tantan(tan?0p . In) .
{(cos 205)72—1}/{(cos 20p)32+1}1, (4)

Table 2. The ratios of the structure factors, P=|Fng,1l/| Fro.;l

Zachariasen & Plettinger

hO,l Present (Pp) Pops
10,1 0:65756 + 0-00034 0-7973
10,2 2:029; £+ 0-004; 1-849
10,4 1-8807 + 0-002; 1-666
10,5 0:610; +£ 00025 0:648
20,1 1:5677+0-002¢ 1-456
20,2 0:4726+0-001; 0-540
20,3 1-9363 + 0-0015 1-633

Young & Post

Peorr Pear Pobs Pear
06602 0:6528 0-6589 0-6465
2:118 2-108 1-652 1-983
1-830 1-876 1-687 1-809
0601 0-589 0-638 0-604
1-547 1:539 1-407 1-577
0481 0:491 0-550 0-475
1-949 1-917 2:176 1-851
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Fading region

—_
1 mm

Fig.2. The traverse topograph of specimen (a). A fading region
is illustrated.
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Fig.3. Topograph of specimen (b).
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(101)

—_—> 9

Fig.4. Topograph of specimen (¢).
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where 85 is the Bragg angle and I, is the mth order
extremum position on a normalized scale, defined prac-
tically by

Im=(1+cos 20p)An, . (5)

Anm is the value of Zachariasen’s notation 4 (1945) at
the position of the mth order fringe. 4 is defined by

A=(e/mc?)|Falt/v(yoyn)* ©®

where e, m and ¢ are usual physical constants, ¢ the
thickness of the crystal, v the volume of unit cell, and
finally y, and ys are the cosines of the angles between
the normals of the incident and Bragg-reflected beams,
respectively. Details of the arguments presented here
will be given in a separate paper (Kato & Yamamoto,
in preparation).

It should be noticed that the displacements of the
maximum and minimum positions have the same sign
in a particular group of the fringes between two fading
regions, where {tan20p./n} are (mn+=r/2) approxi-
mately. The sign changes before and after the fading
region. The figures listed under Aoy of Table 2 are
the fringe spacings corrected on the basis of this con-
sideration. It is clear that the probable errors are re-
duced appreciably through this correction, particularly
for higher order reflexions and the net planes with small
structure factors.

Effects of absorption

Although the magnitude of g (linear absorption
coefficient times the crystal thickness) was less than
about 0-5 in our specimens, the effects of absorption
may not be neglected. From the intensity distribution
for absorbing perfect crystals (Kato, 1967) it is possible
to calculate the displacements of the maximum and
minimum positions due to the absorption. Here, it
should be noticed that the intensity profile of the fringes
becomes asymmetric owing to the attenuation of X-ray
intensity. The displacement of the extremum position is
caused by this asymmetry,in such a way that the maxima
displace towards the thinner part of the crystal, whereas
the minima displace towards the thicker part. The dis-
placements of the individual extrema amount to about
a few tenths of one per cent of the distance /,, near
the fading region for higher order reflexions.

As examples of the results, the values of A corrected
for absorption and polarization were 253-1; +0-35,
309-7, + 125 and 222-7¢+ 0-3; for 10,35, 20,2 and 20,3
reflexions, respectively. On the other hand, the polar-
ization-corrected values Aeorr were 25315+ 0-24, 309-3,
+0-65 and 223-1, 4 0-15 in the respective cases, as listed
in Table 1. Thus, it turns out that the correction for
absorption is comparable to the probable error in the
measurements of the fringe spacing. Here, however,
it is to be noticed that the probable errors are slightly
increased if the correction for absorption is taken into
account. This implies that our consideration of the ab-
sorption effect may not be adequate for obtaining the
true values of fringe spacings.

235

At the present moment, we interpret this fact as
follows. Since we determined the fringe positions by a
visual method, the observed fringe position is not
exactly the extremum position of the fringe profile as
assumed in the theoretical treatments of the correction.
Since, as mentioned above, the displacements of the
extrema are simply due to the asymmetry of the fringe
profile, a visually determined position is more likely
to be such a position where the oscillating part of the
intensity on the smooth background curve, not the
intensity itself, becomes extremum. In fact, the back-
ground curve is large in the traverse pattern, and at-
tenuates with the increasing thickness of crystal. If this
consideration is admitted, in practice we need not cor-
rect A values for the absorption effect. For this reason,
and since the probable error is not actually decreased
by the absorption-correction as mentioned above, the
correction for absorption has been disregarded in this

paper.

The distortion of the lattice

The lattice distortion is the most unfavourable factor
to the present method of determining structure fac-
tors. Both theory (Kato, 1964a,b; Kato & Ando,
1966) and experiment (Hart, 1965, 1966; Ando & Kato,
1966) show that the fringe spacing decreases by a long-
range distortion of lattice. The contraction of the spac-
ing becomes predominant for net planes with small
structure factors and in a thicker part of the crystal.
Associated with this contraction of the fringe spacing,
the background of the intensity distribution is changed,
and the margin effects (Kato, 1960) in the section pat-
terns become faint to some extent. In our present ex-
periment, however, no evidence of such a long-range
distortion of lattice is detected. In particular, the
fringes were equally spaced except in the fading regions
within the experimental error. Nevertheless, the fact
mentioned in § 3 for specimen (c) indicates that this
cause of error should not be neglected in some cases.

5. Discussion

Since we measured only the ratio of the structure fac-
tors, and the number and type of the net planes con-
cerned are limited, it is not to be expected that
direct information as to the charge distribution in the
crystal will now be available. Nevertheless, because the
accuracy of the measurement is higher than that in
other experiments based on the conventional method,
and because fewer ambiguities are involved in applying
the theoretical formulae to determine P=|Fhpy, /| Fro,;l,
our results can be used for checking the conventional
methods of crystal analysis. For recent work on the
structure determination of « quartz, we take the ex-
periments of Young & Post (1962) and of Zachariasen
& Plettinger (1965)*. In their work the intensity data

* Hereafter we shall denote these two papers ‘Y & P’ and
‘Z & P’, respectively.



236

were collected with small spherical crystals. Here, it
is to be emphasized that our intention is not to com-
pare the errors in the data of the individual authors
but simply to make clear the current state of the experi-
ments based on the conventional method.

Now, we consider two sets of the values of corre-
sponding structure factor ratios, say P; and P,, of
inderendent sources, and define a quantity D as a
numerical measure of the mean discrepancy between
the two sets of data, as

1 *
= [ E(iry-13] ™

where N=7 is the number of the pairs of the net
planes concerned and, the summation should be taken
OVer seven pairs.

Table 4 gives the D values by putting P;=P and
P,=P, in equation (7), where P represents one set of
P values and P, represents our values of the ratios
listed in Table 2. The abbreviated subscripts of P and D
in Table 4 and in the following correspond to those
of the various |F| values in the papers cited here. Their
meanings will be explained respectively in due course.

Table 4. The deviations D of the ratios P
of other authors from the present result P,

Zachariasen & Plettinger Young & Post

Dops Deorr Deay Dobs Dear
136 % 2:2% 27% 11-9% 2:5%
D=[1Z{(P/Pp)2—1}]*; P and P, are given in Table 2.

First of all, it is clear from Dyps that the observed
|F| values, |Fopsl, of Z & P and Y & P include errors
of more than 10% for the low-order reflexions con-
cerned. This result is not particularly surprising be-
cause extinction effects must be predominant and errors
due to the mixing of twinned planes have not been
eliminated in their |Fops| values.

In the paper of Z & P the corrected values |Feorr|
with respect to the extinction and the twinning are
listed. The Deorr value corresponding to Peorr Of
Table 2 is much reduced after these corrections, down
to about 29;. Thus, the correction formulae adopted
by Z & P are significantly correct (see also Zachariasen,
1963). Incidentally, the D¢ value obtained from
|Feors] values of Brill, Hermann & Peters (1942)
amounts to 4-5%*. Nevertheless, recalling the fact that
the values of Pcorr should agree with our P, values in
principle, we may say that the Deorr indicates the ex-
tent of the error in |Fgors| values of Z & P.

Next, we shall consider D.4 values corresponding
to the calculated values of the structure factors, |Feqil.

* |F| values in their paper can be interpreted to be |Feorr|
values in the present notation. They used milky single crystals
for the intensity measurements.
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As is generally admitted, in the values [Feq;| based on
a proposed crystal structure, the effects on thermal vi-
brations are taken into account and the effects on a
charge redistribution due to the bonding of atoms are
partly considered through the temperature coefficient,
Bi;. The difference between Py and Peqy, therefore, must
be mainly due to the effects of the charge distortion
which is not taken into account by pj-coefficients,
provided that the proposed structure is satisfactorily
correct.

In order to estimate this bonding effect, obviously
the difference between |[Feors| and |Feq| must be signi-
ficantly larger than the error E involved in [Fyopr|—
|Feqi|, particularly in low-order reflexions. If it is so,
we have Dq;> E because, as mentioned above, it is
anticipated that the amount of Deg, namely the dif-
ference between Pcq; and Py, is due to the bonding
effects. Although, as shown in Table 4, D¢,y is actually
larger than Deepr ~ (the error in | Feorr|) = E, such a small
difference may not be significant. Since |F¢ory| is not
listed in the paper of Y & P, we shall not discuss their
data.

On the other hand, if we estimate the error in |Feq|
by the mean deviation D defined by equation (7), using
Pegy values of Z & P and of Y & P in place of P,
and P, respectively, it turns out that the error in |Fyq)
amounts to 3-4%;. With this estimation we are led to
a pessimistic conclusion on a possibility of finding the
bonding effects on the basis of their data.

As conclusions, the present analysis of various data
implies that, at least for quartz, it is very necessary
to determine individual structure factors |Fen:| for low
order reflexion with an accuracy better than 1% in
order to obtain meaningful information on the bonding
effect. The amounts of extinction effects and the errors
due to twinning are estimated to be more than 10%.
The correction formulae used by Zachariasen & Plet-
tinger can reduce this value to 2%.

This work is partly supported by a grant of the Min-
istry of Education for Scientific Research.
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Anomale inkohiirente Streuung thermischer Neutronen bei Bildung stehender Neutronenwellen
in nahezu idealen Kristallen von Kaliumdihydrogenphosphat (KDP)

Von D. SipPEL

Deutsche Akademie der Wissenschaften,
Zentralinstitut fiir Kernforschung Rossendorf, Dresden, Deutschland (DDR )

UND F. EICHHORN
IL. Institut fir Experimentalphysik der Technischen Universitét, Dresden, Deutschland (DDR)

(Eingegangen am 9. Juni 1967)

In nearly perfect crystals of KDP standing waves of thermal neutrons are produced, causing an anom-
alous weak or strong incoherent scattering by hydrogen nuclei in the 004 reflexion. At the double
crystal diffractometer in Rossendorf for the observation of anomalous incoherent scattering rocking
curves in the Laue-case were measured in the reflexion- and transmission directions. The observed
effect is interpreted and computed by the dynamic interference theory. The results of the experiments
show that the incoherent scattering gives a contribution to the imaginary part of the scattering amplitude;
its value is a function of the chemical bonding of the H atoms.

Vorbemerkung

Bei Neutronenbeugung an nahezu idealen Einkristallen
ohne Mosaikstruktur und mit nur geringer Verset-
zungsdichte kommt es durch Bildung stehender Neu-
tronenwellen zu speziellen Interferenzerscheinungen
wie z.B. der anomalen Absorption und dem Pendel-
16sungseffekt, die auf der Grundlage der von Ewald
(1917) vorgelegten dynamischen Interferenztheorie er-
klart und berechnet werden kénnen. Die anomale Ab-
sorption, die von Borrmann (1941) mit Rontgenstrahlen
entdeckt wurde, und der Pendellésungseffekt (Ewald,
1917; Kato & Lang, 1959) wurden von Sippel, Klein-
stiick & Schulze (1962, 1964, 1965) bereits in fritheren
Arbeiten auch mit Neutronen untersucht. Wihrend
diese Interferenzerscheinungen leichter mit Rontgen-
strahlen zu beobachten sind, ist der in vorliegender
Arbeit gefundene Effekt vor allem mit Neutronen gut
zu finden, da sie an Atomkernen mit Spin fiir parallele
und antiparallele Streuung erheblich unterschiedliche
Streuamplituden und dadurch eine starke inkohérente
Streuung aufweisen kénnen. Bei Wasserstoffkernen

unterscheiden sich die beiden Streuamplituden fiir pa-
rallele und antiparallele Streuung auch in ihrem Vor-
zeichen. Deshalb ist die Streuung der H-Kerne im
Kristall bis zu 97%; inkohérent.

Die anomale inkohérente Streuung lisst sich analog
zum Effekt der anomalen Absorption interpretieren.
Die stehenden Neutronenwellenfelder werden dabei
nicht durch die Absorption der Atome, sondern durch
die inkohdrente Streuung im Kristall anomal ge-
schwicht. Die anomale inkohérente Streuung liefert
einen erneuten Nachweis der stehenden Neutronen-
wellenfelder in Kristallen unabhéngig von der Absorp-
tion und zeigt den Einfluss der stehenden Neutronen-
wellen auch auf die inkohdrente Streuung.

Experimentelles

Bei Versuchen mit einem 14,7 mm dicken KDP-Kri-
stall als zweiten Kristall auf dem in Fig.1 schema-
tisch gezeigten Neutronen-Doppelkristall-Diffrakto-
meter wurden in symmetrischer Laue-Stellung bei 004-
Reflexion die Rockingkurven in Fig.2 erhalten. In der



