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Abstract

The structure of the intermetallic compound Al;Zr
has been studied at 293 K by single-crystal X-ray
diffraction (Mo Ka radiation, A =0.71069 A),
powder neutron diffraction {A[Ge(711)] = 1.0867 A}
and convergent-beam electron diffraction (CBED)
(200 keV, A =10.0251 A). The structure of Al,Zr
comprises four close-packed metal sub-lattices and
has the tetragonal space group I4/mmm with a=
39993 (5), c=17.283(2) A, V=27643(6) A3, Z=
4, D,=4.136 gcm ®, u=4511cm~'. The new z
coordinates of four Al and four Zr atoms on the e
position [z, and zz,,] were determined by single-
crystal X-ray diffraction: z4.,=0.37498 (5) and

0108-7681/92/010011-06$03.00

Zzrey = 0.11886 (1). The results from single-crystal
X-ray diffraction were confirmed by powder neutron
diffraction, although they differ considerably from
previously reported data [Brauer (1939). Z. Anorg.
Chem. 242, 1-22] and differ in parts from the CBED
work. The structure was refined to R =0.016, wR =
0.021 for 304 unique observed reflections for single-
crystal X-ray diffraction, while it was refined to R =
0.064, wR = 0.095 for 43 resolved peaks for powder
neutron diffraction. A large anisotropic effect for the
temperature factor of the Al atoms on the e position
[Al(e)] was found by single-crystal X-ray diffraction,
which may have both thermal and non-thermal ori-
gins. For the newly proposed CBED technique, a
wide cone of incident rays was used to obtain inten-
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14 REFINEMENT OF Al,Zr

Table 1. Atomic coordinates and thermal parameters

AlyZr (single-crystal X-ray) tetragonal, /4/mmm, a = 3.9993 and ¢ =

17.283 A.
X y :z U, 7% Un B,(A) R
Old powder X-ray
Al(c) 0 050
Al(d) 0 05 025
Al(e) 0 0 0361
Zr(e) 0 0 0122

Single-crystal X-ray

Alle) 0 050 0.0083 (3) 0.0055 (3) 0.0063 (3) 0.53(2)

Alld) 0 05 025 0.0077 (2) 0.0077 0.0072 (3) 0.59 (2)
Alle) 0 0 037498 (5) 0.0059 (2) 0.0059 0.0131 (3) 0.66(2) 0.016
Ziey 0 0 0.11886 (1) 0.0047 (1) 0.0047 0.0045 (1) 0.36 (1)
Powder neutron
All) 0 050 0.3 (1)
Al(d) 0 05 025 0.3 (1)
Al(e) 0 0 0.3751(6) 0.5(1) 0.064
Zite) 0 0 0.1191(2) 0.4 (1)

B.(2) (A"
CBED
Al(c) 0 050 0.2 (1)
Al(d) 0 05025 0.2 (1)
Al(e) 0 0 03670 (5 0.4 (1) 0.08
Zie) 0 0 0.1190 (5) 0.6 (1)

crepancies between the results of the single-crystal
X-ray diffraction and those of older powder X-ray
diffraction and also the current electron diffraction
work. (b) The z coordinate of Al(e), for which there
are particularly large discrepancies among the results
of the above three methods, can be more reliably
refined with neutron rather than with X-ray or elec-
tron diffraction because the relative scattering
strength of Al to neutrons (bs/bz,=0.5, b denotes
scattering length) is stronger than that to X-rays or
electrons (fa//fz:=0.3, f denotes atomic scattering
factor). (¢) The temperature-factor analysis is not

10000

influenced by absorption and form-factor effects. (d)
Surface effects, which play an unknown role, are
negligible in powder neutron diffraction. The experi-
ments were carried out at the high-resolution multi-
detector powder neutron diffractometer with reactor
DR3 at Risg National Laboratory. The Al;Zr powder
sample was made directly from an Al-Zr ingot as
previously described and the incident neutron radia-
tion of wavelength 1.0867 A from a vertically
focusing Ge(711) monochromator at a take-off angle
of 85” was used. A total of 43 reflection peaks were
resolved and the data were evaluated using the
EDINP powder refinement program (Pawley, 1980).
The peaks were fitted with a Gaussian function. The
variation of width with scattering angle 26 is
described by the following formula: 4(26)? = Utan?4
+ Vtan6T + W, where U, V and W are three refin-
able peak-shape parameters. Asymmetry effects were
not taken into account, which was responsible for
the relatively high reading for low-angle peaks in the
difference plot. The background was fitted by
linearly connecting 21 sampling points in the back-
ground of the powder neutron diffraction pattern
within 10 <260 <110° and an additional constant
background parameter was refinable. The
refinements were carried out with isotropic tempera-
ture factors and the range over which contributions
from resolved reflections were considered was 8.0 <
20 < 113.5°. The experimental and calculated pat-
terns and their difference plot are shown in Fig. 4
and the final refined results are listed in Table 1.*

* See deposition footnote.
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16 REFINEMENT OF Al;Zr

with the data obtained from the single-crystal X-ray
and powder neutron diffraction refinements, while
the coordinate of Al(e), zay.), was poorly determined
by the 00/ electron data. This is mainly due to the
fact that the heavy Zr(e) atom masked the Al(e)
atom, which smeared out along the z axis because of
its anisotropically large temperature factor found by
single-crystal X-ray diffraction. Although this
indicates the limitation of the CBED technique, it
should be pointed out that a kinematic interpretation
on high-order systematic reflections recorded in a
CBED disc with large Bragg and convergent angles
is feasible and as a simple technique it can be applied
to pm-sized crystals in TEM experiments. It will also
be promising to apply the technique to thermal or
mechanical in situ observations in an electron micro-
scope, at least for a quick semi-quantitative esti-
mation on atomic structure variations of a wm-sized
crystal. A detailed discussion of the technique based
upon the data obtained from Al;Zr will be presented
elsewhere.

The differences between the temperature factors
refined by single-crystal X-ray diffraction and
powder neutron diffraction can be explained by
several facts. Firstly, the anisotropic thermal effects
were not taken into account in the powder neutron
diffraction refinement, while the data from single-
crystal X-ray diffraction results show that the Al(e)
atom has significant anisotropic thermal behaviour.

Acta Cryst. (1992). B48, 16-21

However, the neutron data confirm that Al(e) ther-
mally vibrates more than Al(c) and Al(d). Secondly,
various errors usually manifest themselves in the
temperature factors and, lastly, the thermal histories
of the samples for the two techniques are different
and the powder sample for the neutron diffraction
may have been more disordered.

This work was supported by the Norwegian
Research Council for Science and the Humanities.
The authors also would like to thank Hydro Alumin-
ium Co. for supplying the ingot of Al-Zr alloy.
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Abstract

A theoretical prediction of optical rotation is made
for the non-enantiomorphous material ammonium
dihydrogen phosphate (ADP), based entirely on the
known crystal structure. It is predicted that the (100)
section, with axes chosen according to Khan & Baur
[Acta Cryst. (1973), B29, 2721-2726], should be
optically laevorotatory. Measurement of this materi-
al’s optical rotation is reported for the first time
using a specially constructed polarimeter. Together

0108-7681/92/010016-06$03.00

with X-ray Bijvoet-pair measurements, it has been
possible to determine the absolute optical chirality,
with the result that in the (100) section p=
—6.8 (5)° mm "' (laevo) and in the (010) section p =
+6.8(5)° mm~"' (dextro) for a wavelength A =
589.3 nm.

Introduction

Ammonium dihydrogen phosphate (ADP) crystal-
lizes in the non-enantiomorphic non-polar space

© 1992 International Union of Crystallography



