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crystal is supported on a fibre mounted in a keyed nib
(Fig. 2). The key of the nib fits into a recess in the
Eulerian-cradle orienter secured by a set screw so that
the attitude of the fibre supported crystal with respect
to the Eulerian cradle is always preserved. Thus, by
recording the Eulerian angles (y for angular displace-
ment along the arc, and ¢ for angular displacement
about the turntable) when the crystal is in a given
alignment the nib can be removed and reinserted as often
as desired without serious loss of alignment. A similar
recess is easily adapted to a conventional two-circle
goniometer head as shown in Fig. 2. Designating angular
displacement along the larger arc of the two-cirele gonio-
meter head as 4,;, and angular displacement along the
smaller arc A,, the orientation of the recess in the two-
circle goniometer head when A,=/4,=0 is constrained
to be parallel to the recess in the Eulerian cradle when
that is set to p=¢=0.

If a crystal is oriented so that a given axis is collinear
with the axis of rotation of the Eulerian cradle at the
setting (v, ¢) and is then transferred to the goniometer
head, the crystal will have the same orientation of the
given axis with respect to the spindle axis of the two-
circle goniometer head if the arcs of the two-circle gonio-
meter head are set at

A,=tan"! {tan y cos ¢}
Ay = —sin~{tan yp sin @} . (1)

Conversely, transferring from the two-circle goniometer
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head to the Eulerian cradle is accomplished by setting
the Eulerian cradle such that

—@=tan~{tan A4, esc A4}
w=cos~! {cos A, cos 4,} . (2)

The sense of these angular displacements is as follows.
With reference to the goniometer head shown (in projec-
tion) in Fig. 2, a positive displacement A, is effected by
rotating the A, screw clockwise. Similarly a positive
displacement A, is effected by moving the A, screw
clockwise.

The precision to which the alignment of the crystal is
preserved depends of course upon the tolerances main-
tained in the orientation of the recesses and fitting of
the nib for both the Eulerian cradle and goniometer
head. In practice, the transfer of an aligned cradle from
the Eulerian cradle to a ‘Supper’ goniometer head
mounted on a precession camera preserves the alignment
to within one quarter degree for recesses made to accom-
modate a ‘slide fit’.
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Some work on barium-plutonium-oxygen systems, par-
ticularly on their preparation, has been reported by
Moore & Kraus (1949), Cunningham (1954) and Russel,
Harrison & Brett (1960). In this communication further
work is presented in light of the crystallographic studies
obtained with a 19 cm powder camera and Cu Ko
radiation.

Following the method suggested by Moore & Kraus
and by Cunningham, barium plutonate(VI) was precip-
itated from an acid solution of plutonium(VI) and barium
ions with ammonium hydroxide or sodium hydroxide
solution. These preparations seemed to have an in-
definite composition, the ratio of the Pu atoms to Ba
atoms In our experiments being found to change from
0-6 to 6-7. X-ray examination revealed mainly amor-
phous patterns in all samples and barium carbonate as
impurity, possibly as a result of absorption of carbon
dioxide during or after precipitation. In these prepara-
tions some polymeric types of compound were probably
being formed, as suggested by Gevantman & Kraus
(1949).

These samples were heated to 900 °C to observe any
phase change that might take place. On heating, the
precipitates obtained in presence of ammonium hydroxide
developed PuO, lines, whereas those obtained in presence
of sodium hydroxide revealed a cubic ABO; perovskite

structure with cell dimensions a=4-322 +0-003 A. The
plutonium in the ABO, compound was found by spectro-
photometry and titration, to be present mainly as
plutonium(VTI).

For further work, freshly prepared pure barium oxide
mixed with plutonium dioxide in approximately 1:1
ratio was heated in an argon atmosphere in a tantalum
crucible inside a resistance vacuum furnace similar to
that described by Drummond, MacDonald, Ockenden &
Welch (1957). The preparations obtained at 1100 °C gave
along with PuO, a cubic perovskite structure with bigger
cell dimensions a=4-373+0-003 A, somewhat similar
to the value obtained recently by Russel (1960). At
1600 °C the cubic perovskite underwent a phase change
to an orthorhombic form with

a=>5"795+0-004, b=5-861 1 0-004,
€=598310004 A; Z=2.

The valency of plutonium in both orthorhombic and
cubic forms was found from chemical evidence to be IV.

From the above it appears that cubic perovskite forma-
tions could exist with both plutonium(IV) and plutonium
(VI). The diffraction data for both are very similar. Since
in perovskites of ABO, type the sum of the charges on A
and B ions should be six (Wells, 1950), the cubic compound
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obtained by the dry method may bz written BaPulVO,.
The other, obtained by precipitation, could be interpreted
as either (i) a PuO,; compound with barium in a semimetal-
lic bonding state occupying the interstitial position or (ii)
a compound of the type Ba;PuQO,; (with z very small)
analogous to sodium and potassium tungstates (Hégg,
1935; Magnéli & Nilson, 1950). Both cubic compounds
have space group Pm3m (0}) with one molecule per unit
cell. In BaPu!VO, the calculated and observed plutonium
oxygen distances were 2:25 A and 2-18 A respectively
and compared favourably with calculated and observed
values of 228 A and 220 A based on the data for
BaUIVQ, reported by Russel (oxygen ionic radii taken
here as 1-35 A (Lipson, 1953) and actinide radii taken
from Zachariasen, 1954). Similarly in the perovskite of
plutonium(VI), the observed distance Pu-O was 2-16 A,
which is identical with the calculated value.

The X-ray data of the orthorhombic phase obtained

Table 1. X-ray data on BaPuOj (orthorhombic form)
obtained at 1600 °C

The data are indexed with
a=5"195, b=5861, c=5983 A

d(4) 9% (107%) g% (107%) Rkl I,
3-392 517 516 111 W
2-991 664 664 002 s
2-918 698 698 020 m
2-899 707 708 200 m
2-423 1012 1014 112 vw
2-085 1367 1371 202 w
1359 022
1-958 1550 1545 212 w
1-855 1726 1728 031 w
1-751 1938 1932 311 w
1-695 2068 2066 222 w
1-461 2786 2776 040 w
1-448 2832 2833 104 vw
2832 400
1-307 3479 3489 240 w
1-178 4285 4270 043 w

For unreacted BaO and PuO, weak lines were also noticed
in the pattern, but are not recorded here.
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at 1600 °C are given in Table 1. The phase change from
cubic to orthorhombic form could be followed from Roth’s
diagram showing how the formation of perovskites
depends on the ionic radii of A and B elements (Roth,
1957). Considering the ionic radii of barium and pluto-
nium, the point for BaPulVQ, in the diagram was found
to be in the cubic region, but very near the borderline,
indicating the possibility of both cubic and pseudocubic
systems. The heating of the system probably caused
sufficient change to induce a reduction in the coordina-
tion number of barium leading to the formation of a
pseudo-cubic cell, the true cell being orthorhombic.

The authors express sincere gratitude to Dr A.S.
Ghosh Mazumdar for initiating the problem and for
valuable discussions and suggestions during the progress
of the work, and to Dr H. D. Sharma for his keen interest
in the work.
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The effective scattering factor f¢ of a hydrogen atom
in a hydrogen molecule was calculated by McWeeny
{1952) with a charge density function based on a Heitler—
London wave function

P =(1/)/(2(1 +8% p)) {pa(en(2) + @a(2)pn(1)}

* Contribution number 1143 from the Chemical Labora-
tories of Indiana University.

+ The authors wish to thank the United States Air Force
Office of Scientific Research and the United States Atomic
Energy Commission for their financial support.
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where
@a(l) =@ys(r1a) =Nyis exp (—uri4) »
@B(2) = @15(rep) = N5 exp ( — urep)

and S4p is the overlap integral.

The parameter u was chosen to be 1 a.u. in McWeeny’s
calculation, and the magnitude of the effective factor
was found to be generally less than that for an isolated
hydrogen atom. This fact was interpreted as due to
migration of electrons away from the nucleus into the
bond.

The authors have evaluated the scattering factor fe



