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The relative anisotropy can be expressed by

A_11§2: 3(”’1”1/2—'"’2331;2) (5)
Hy | 2my, Pamas

where the 3 axis has been chosen parallel to
[0001], so that the principal values of m;; in a
hexagonal crystal are m,, =m,, and mgs.

As evident from Fig. 2(b), a small increase of
the measured AH ,/H ., with decreasing tempera-
ture cannot be completely ruled out although it is
possible to draw a horizontal line through the er-
ror bars. This small temperature-dependent
contribution would result from nonlocal effects,
but the extrapolated value AH ,/H ,~0.21 at T,
is due to the anisotropy of the effective mass.
From Eq. (5) we find m,, =1.55m,,. This result
will have to be compared with normal state con-
ductivity measurements that are in preparation.

We thank Z. R. McNutt and S. Mihailovich for
their help with the sample preparation.

*Work performed under the auspices of the U. S.
Atomic Energy Commission.
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Multiple Borrmann Diffraction*

Stephen Balter,i Robert Feldman,{ and Ben Post
Department of Physics, Polytechnic Institute of Brooklyn, Brooklyn, New York 11201
(Received 4 June 1971)

High-resolution, divergent-beam x-ray diffraction photographs reveal previously unre-
ported detail in multiple Borrmann (000), (111), (111) reflections undergoing anomalous
transmission through perfect germanium crystals. These have been accounted for satis-
factorily using the plane-wave formulation of the dynamical theory of x-ray diffraction.

The anomalously high transmission of x rays
through perfect crystals set at the exact angle
for Laue diffraction was first reported by Borr-
mann in 1941.' In 1965 Borrmann and Hartwig?
observed that a remarkable additional enhance-
ment of the anomalously transmitted (111) reflec-
tion occurs when either the (111) or (111) planes
are brought to diffracting position simultaneously
with the (111) planes. Several investigations of
this multiple Borrmann diffraction phenomenon
have since been reported.®™® These have been
concerned primarily with Borrmann diffraction

at the exact n-beam setting, i.e., when the crys-
tal is set at the exact angle for simultaneous
Laue diffraction by n sets of planes.

The utilization of high-resolution, divergent
x-ray beam techniques has enabled us to extend
the study of multiple Borrmann diffraction to in-
clude crystal settings immediately adjacent to
the geometrically exact n-beam settings. These
have yielded useful information on details of the
transition from one- or two-beam diffraction to
the n-beam case, and have revealed several in-
teresting and previously unreported features of
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the transmitted beams. Some of these are illus-
trated in Fig. 1, a reproduction of a photograph
of a (111) reflection which has undergone diffrac-
tion through an 0.8-mm-thick germanium plate-
let. The x-ray source was an unfiltered beam
from a 100- um-diam copper target. The effec-
tive beam divergence was 8°; the crystal-to-film
distance was 150 cm. Because of the large spec-
imen-to-film distance, the reflected beams [i.e,
(111) reflections due to different wavelengths],
which are actually segments of conic sections,
appear on the film as apparently parallel, straight
lines. The intense lines in Fig. 1 are due to re-
flection by Cu Ko,, Ka;, and K3 radiations; an
additional, weaker line due to W La is detectable
(tungsten contamination of the surface of our cop-
per target could not be entirely avoided). The
very intense spot on each line is due to the en-
hanced transmission which occurs when three-
beam diffraction takes place: The (000), (111),
(117) case is recorded on Fig. 1. Adjacent to
each three-beam point is a discontinuity in the
transmitted (111) line. Beyond the eclipsed re-
gion the (111) intensity soon regains its “normal”
two-beam value. Examination of Fig. 1 also re-
veals a relatively weak line connecting the three-
beam Ka,, Ka,, and KB points. This line is due
to the three-beam enhancement of the noncharac-
teristic (“continuous”) wavelengths emitted by
the x-ray source.

We have made detailed calculations of the ex-
citations and absorption coefficients of germani-

FIG. 1. (000)/(111) reflection through germanium
(Cu Ka,, Kay, and KB, and W Loy radiations).
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um {111} reflections for extended regions about
the exact three-beam points, based on the plane-
wave dynamical diffraction theory of Ewald,” as
modified by Laue® and as elaborated for n-beam
cases by Kato.® For the three-beam cases under
consideration, these treatments yield six solu-
tions of the dynamical equations for each crystal
setting; since three beams may propagate through
the crystal for each solution, a total of eighteen
beams may be transmitted at any three-beam
setting. The relative intensities actually trans-
mitted through, and emerging from, the crystal
depend on the excitations of the various modes of
propagation, their polarizations, and their ab-
sorption factors.

To facilitate the calculation of the latter quan-
tities we have prepared a computer program
which makes possible the rapid and convenient
determination of the polarizations, excitations,
and absorptions of all modes of propagation for
the n-beam case (n <) for any desired ranges
of crystal settings. In Fig. 2(a) we have plotted
the calculated values of the two-beam (000),

(111) absorption coefficients as functions of angu-
lar deviations from the exact three-beam (000),
(111), (117) settings. The lowest absorption co-
efficient reaches a minimum of 18 cm ™! at the
three-beam point A, at A6=0° rises to a local
maximum of 195 cm ™! at the cross-over point B,
at A6 =12", and then decreases to the normal
two-beam value of 106 cm ™', all in good agree-
ment with Fig. 1.

Similar calculations for the (000), (111), (117)
cases are plotted in Fig. 2(b). It is clear from
the latter that a Borrmann eclipse, analogous to
the one shown in Fig. 1, is not to be expected in
the (000), (111), (111) case. This is in good
agreement with our experimental results,

We also note that in Figs. 2(a) and 2(b), two
absorption coefficients asymptotically approach
the normal “one-beam?” (no-diffracted-beam)
value of 352 cm ! at relatively large values of
Af8. The transitions from the three- to the two-
beam cases occur in these regions.

One additional point: Our discussion has been
devoted to the diffracted transmitted beams. The
forward transmitted beams show different ano-
malies. For example, in the forward transmitted
(000), (111), (117) case we observed neither en-
hancement at the three-beam point, nor an eclipse
adjacent to it. This is at first somewhat surpris-
ing since at the three-beam point the minimum
absorption coefficient falls to the remarkably

low value of 3—-4 cm ™. However, the calculated
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FIG. 2. (a) Absorption coefficients, Cu Ka (111) /(1_1_1) reflections transmitted through germanium, versus
A6(111). (b) Absorption coefficients, Cu Ko (111) /(111) reflections transmitted through germanium, versus A6(111).

values of the corresponding excitations of the
modes of propagation with lowest absorption co-
efficients fall to zero af the exact three-beam
point, and we should therefore expect a forward
transmitted beam intensity close to zero at that
point. Such an observation, however, would re-
quire better angular resolution than we have yet
achieved.
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Superconductivity in Layered Compounds with Variable Interlayer Spacings™®
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The superconducting heat-capacity anomaly of intercalated TaS, compounds is indepen-
dent of the spacing between the TaS, layers when the spacing is varied between 3 and 30
A. We conclude that the entropy associated with the anomaly arises mainly from two-

dimensional correlations.

We have studied the heat capacity and low-fre-
quency magnetic susceptibility of a number of su-
perconducting layered compounds as functions of
the interlayer separation. The results show that
the superconductivity is a bulk property, that is,
all the conduction electrons take part in the su-
perconducting transition, and furthermore they
suggest that the superconducting heat-capacity
anomaly is mainly a two-dimensional phenome-
non.

Superconductivity in the layered compound
TaS,(pyridine),,, has been reported previously.
The preparation and some of the chemical and
physical properties of this and other intercala-
tion compounds has also been studied.? Briefly,
when TaS, is treated with molecules that are suf-
ficiently strong Lewis bases, the molecules pene-
trate between the individual TaS, layers (inter-
calate) and form a periodic structure. The separ-
ation 6 of the 6-A-thick metallic TaS, layers de-
pends upon the molecule used and in some cases
the particular intercalation conditions, but the
TaS, layer itself remains intact with intraplanar
spacings almost unchanged. The intercalation
compounds are usually stoichiometric and pos-
sess a high degree of registry from layer to layer
in all three dimensions, indicating that the organ-
ic molecules are also ordered between the TaS,
planes.® However, in some compounds specifical-
ly noted below, the TaS, layers are randomly
placed over each other; the spacing 6 between
the layers is still uniform but the layers have no
horizontal registry. This randomness in the Tas$,
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stacking indicates a high degree of disorder in
the organic molecular arrangement and is also
reflected in the fact that the disorder compounds
are generally nonstoichiometric.

As would be expected from their structure, the
physical properties of these materials are quite
anisotropic. But because large, good, single
crystals have not been prepared, the measure-
ments of anisotropy can only place limits on the
ratio of particular properties along the planes
(1) to those perpendicular (1). For example, in
TaS,(pyridine),,, (6~6 A) the critical field ratio
H, o /Hyp, at T=1.5°K is >80 with H,,, (T =1.5°K)
> 60 kG.? The Ginzburg-Landau parameter « is
also anisotropic and can be estimated from mea-
sured H,, and H_, values, k,~1.5 and k,~15.
The resistance ratio is harder to determine be-
cause our imperfect crystals apparently have
some very small interlayer shorts and cracks;
however, we believe that p,/p, >10% The criti-
cal current-density ratio is probably quite unre-
liable because of these shorts but J, ,/J, , is at
least 10%. To our knowledge these superconduct-
ing compounds are the most anisotropic known.

The ac magnetic susceptibility (~18 Hz) is mea-
sured in low fields (0.05-5.0 G) by the usual low-
frequency inductance method.> The heat capacity
was measured from 1 to 10°K on small amounts
(~100 mg) of the material by a method developed
in our laboratory.® The accuracy of a given
datum point in this particular set of measure-
raents is =2%.

Tas$, in the 2H phase is superconducting (T,



FIG. 1. (000)/(111) reflection through germanium
(Cu Ka,, Koy, and KB, and W Lo, radiations).



