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Fig.7. Stereo pair illustrating the molecular packing in HNAB,
form II.

whereas in form II they are rotated to each other by
81°. The center of symmetry in form I demands that
the torsion angle about the azo linkage be 180°; this
restriction is removed in form II and the angle be-
comes 177-5° which indicates a slight twist or strain
in the double bond of the azo group. Furthermore, the
angles between the carbon ring planes and the azo
group (i.e., plane through ring C(1) and C(1)-N=N in
form II) are 49-4 and 50-9° for C(1) and C(11), re-
spectively, compared with the single value of 43-2° in
form I. These differences in the configurations and
particularly the 81° twist of the planes result in less
efficient molecular packing and is probably important
in yielding the higher-energy less-stable form II poly-
morph with a lower (x3%) density.

As seen in the stereo molecular packing illustrations
of Fig. 7, the angle of rotation of the nitro groups
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seems to be dependent primarily upon steric effects.
Even though the thermal motion for nitrogen and oxy-
gen atoms is quite large, there appears to be no signif-
icant intermolecular interactions in the structure.

The authors are grateful to D. J. Gould for growing
HNAB single crystals, R. A. Trudo for assistance in
collecting intensity data, and A. C. Larson for not
only providing 3D-Fourier plotting routines but also
giving encouragement in the elucidation of the form II
structure by direct methods.
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BaCd,.s; has a hexagonal sub-cell, space group P6/mmm, with lattice constants a=10-740 (3), c=
10200 (3) A, @b =735 g cm~3, The true unit cell appears to be hexagonal with doubled @ and ¢ axes.
A reasonable solution has been obtained for the sub-cell by the symbolic addition method using photo-
graphic data. The sub-cell contains 7 atoms of Ba and 31 of Cd, with one set of cadmium positions

partially occupied.

In a previous paper (Bruzzone, 1972) a phase had been
reported to exist in the Ba—Cd system with the approx-
imate composition BaCd,.s and a preliminary examina-
tion of a single crystal had shown hexagonal symmetry
of Laue group 6/mmm. The purpose of the present
work was the determination of the crystal structure of
this phase.

Starting with Ba 99-5% pure supplied by Fluka
(Switzerland) and Cd 99-999% pure produced by
Koch-Light Co. (Great Britain), alloys of the composi-
tion BaCd,.s were melted in iron crucibles under argon.
After melting, some samples were quenched and some
were annealed at 500°C.

Single-crystal techniques confirmed the Laue sym-
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metry as 6/mmm and the lattice constants, subsequently
refined from powder photographs were:

a=10-740 £ 0-003, ¢=10-200+0-003 A .

For all crystals examined, the rotation patterns around
the x and z axes showed additional layer lines with
very weak reflexions, which would double the ¢ and
¢ axes reported above. However, owing to the small
number and weakness of these reflexions, the work was
limited to the structural analysis of the sub-cell.

The intensity measurements were obtained from a
well formed prismatic crystal elongated on the sixfold
axis with dimensions of 1:7x0:15x0-09 mm. Inte-
grated precession photographs, taken with Zr-filtered
Mo radiation, provided 492 independent reflexions of
which 286 observed reflexions were measured with a
microdensitometer and 206 unobserved were assumed
to have a value equal to one third of the least observable
intensity, following the criterion of Hamilton (1955).
The resulting data were corrected for Lorentz, polariza-
tion and absorption effects.

As no systematic absences were noted among the
observed reflexions and the statistical analysis of the
normalized structure factors gave a result closer to a
centric distribution, the structure of the sub-cell was
assumed to be centrosymmetric with the probable space
group P6/mmm.

The symbolic addition procedure (Karle & Karle,
1966) was applied and a group of 81 phases determined.

cd(S)
Ba(3)
Cdi{4)

2=1/2
2=1/2
2=0.3499

Ccdi{3) 2:-0.2604

Ba(2) 2=0.2135

cd(2)
cd(n
Ba(n

z=0.1619
z=0
2=0

Fig. 1. Projection of the atoms onto the xy plane at various
levels of z. Large circles Ba; small circles Cd.

THE CRYSTAL STRUCTURE OF BaCd,.s;

A three-dimensional Fourier map based on these 81
reflexions revealed 41 peaks of which seven could be
ascribed to Ba atoms and the remainder to Cd atoms.
In the simplifying assumption of the sub-cell all the
interatomic distances were permissible save those be-
tween the six coplanar Cd atoms placed around the
0,0,% position, for which a half filling was taken.

A full-matrix least-squares refinement with isotropic
thermal parameters yielded a final R value of 0-146
for the 286 observed reflexions.

Table 1. Positional and thermal parameters of BaCd,.4;

Space group P6/mmm, gons=735 g cm™3, g, =725 g cm ™3
(Estimated standard deviations are given in parentheses.)

Position  x y z B(A?Y
Ba(1) 2c % % 0 06 (3)
Ba(2) 2e 0 0 02135(18) 09 (3)
Ba(3) 3g % 0 1 2:0 (4)
Cd(1) 6/ 0:2708 (11) 0 0 0-7 (2)
Cd(2) 6i % 0 01619 (12) 12 (2)
Cd(3) 120 0-1852 (4) —x 0:2604 (8) 1:4 (2)
Cd4) 4h 4 3 0-3499 (14) 1-1 (3)
Cd(5) 6m* 0-1038 (31) -x 3 6.1 (9)

* The set Cd(5) has an occupancy factor of }.

Table 2. Observed and calculated structure factors of
BaCd4.43

(An asterisk indicates reflexions too weak for measurement.)

v Ton e
.

[
u.

.

4 ee4=000000000000--c--c--===---0000000000000000000000000 =
SSSemvomaunuZiiZiemvonaus

Eoydozsd

R34

L L 00 05080000600 == nr

Fogsd

#Eryweazsgeeis

¥EE

.
PER I

NN NOGONAS RS AP e ee000000LLLLEAMA oo
T SV S P
.o “« . « 8 aseuse “ em s s

kapkidty

. RO s
wa g



G. BRUZZONE AND M. L. FORNASINI

319

Fig. 2. Coordination around the Ba atoms. Large circles Ba; small circles Cd. The set Cd(5) is partially occupied and the shaded
circles are missing atoms.

Table 3. Interatomic distances in BaCd,.43 (A)

Ba(l) 6Cd(1) 396 Cd(3) 1Ba(l) 3,83
6Cd(2) 351 1 Ba(2) 348
6 Cd(3) 383 2Ba(3) 383
2 Cd(4) 357 2Cd() 317
2Cd@2) 311
Ba(2) 1Ba(2) 436 2Cd(3) 345
6 Cd(1) 363 1Cd@d)  2-90
6 Cd(3) 348 *] Cd(5) 288
*6 Cd(5) 350 *2 Cd(5) 386
Ba(3) 4 Ba(d) 537 Cd(4) 1Ba(l) 357
2Cd(2) 345 3Ba(3) 346
8 Cd(3) 383 3Cd2) 365
4 Cd(4) 346 3Cd3) 290
*4 Cd(5) 382 1Cd@d) 3-06
Cd(1) 2Ba(l) 396 Cd(5) 2Ba@2 350
2 Ba(2) 363 2Ba(3) 382
2Cd() 291 2Cd3) 288
2CdQ2) 297 4Cd3) 386
4 Cd3) 317 *2 Cd(5) 335
*] Cd(5) 386
Cd(2) 2Ba(l) 351 *2 Cd(5) 193
1 Ba(3) 345
2Cd(h) 297
1Cd2) 3-30
4Cd(3) 311
2 Cd(4) 365

* The multiplicity of bonds marked with an asterisk is
dependent on the degree of occupancy of the Cd(5) set.

The final parameters for the sub-cell of BaCd,.,; are
given in Table 1; observed and calculated structure
factors are shown in Table 2. The reflexions 100, 101,
110, 200 and 201 could not be recorded by the preces-
sion method and are omitted from the list.

AC30B-5

In Fig. 1 projections of the atoms onto the xy plane
at various levels of z from z=0 to z=3 are shown.

‘Interatomic distances are given in Table 3 and are
not unusual, éxcept for the Cd(5)-Cd(5) distance be-
tween atoms in adjacent sites, which is too small (193
A) to permit simultaneous occupancy. Placing the
atoms in alternate sites results in acceptable values
(335 A).

The coordination around each type of atom was
evaluated using the atomic distribution gap criterion
described elsewhere (Bruzzone, Fornasini & Merlo,
1970). The average coordination numbers of the Ba
and Cd atoms are 189 and 12-1, respectively. The ar-
rangements of the atoms around every crystallographic
type of Ba are drawn in Fig. 2 and are somewhat sim-
ilar: Ba(l) and Ba(3) both have 20 neighbours, but
Ba(l) is surrounded by Cd atoms only, while Ba(3)
is surrounded by four Ba atoms and 16 Cd atoms. The
lower coordination number (16) for Ba(2) is due to
the one-half filling of the Cd(5) set; moreover, Ba(2)
has only one Ba(2) atom at a distance of 4:36 A in-
stead of a pair of Ba atoms. It should be noted that the
polyhedra about the Ba atoms show some resemblance
to those of the larger atom in the CaZn; structuire type.

The authors wish to thank Professor A. Iandelli for
his valuable discussion.
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