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AssrRAcr

By fusing the appropriate oxides in the cratered graphite electrode of an arc lamp
at roughly 2100'C, a minute fragment of YTaOa was obtained which yielded single-
c-rysta! r-ray photographs. These show that YTaOr is not tetragonal as previously
thought but monoclinic with oe : 5.34, Do : 10.94, co : 5.07 A, B : 95.3", probable
space group I2/a, Z :4, S.G. (calc.) - 7.47. The indexed powder data are given.
The earlier tetragonal cell is unreal. The powder pattern of natural fergusonites fused
in the arc lamp electrode show that this mineril is isosiructural with YTaor The
suggestion is made that original fergusonite may not be tetragonal but only pseudo-
tetragonal rvith the monoclinic cell of YTaOe.

Introd,uction
Since the first morphological description of fergusonite by Haldinger

(1826), this mineral has been considered to be tetragonal with symmetry
4/m and with an axial ratio of a$ : 7:1.464. Barth (1926) showed that
natural fergusonite specimens are nearly always metamict, but that they
crystallize on heating to 400"C or higher to a polycrystalline mass which
gives an ,-ray povrder pattern similar to that of synthetic YTaOa and
YNbO4. Barth was able to index these patterns using a tetragonal
P lattice and an axial ratio close to that of Haidinger (1826). This yielded
cel l  dimensions for YTaOe, for example, of  an:7.76, co:11.43A.
Apparently fergusonite is always metamict, for no report of single-
crystal r-ray photographs of this mineral has ever been published.
Furthermore it is well known that when a single morphological lragment
of a metamict mineral is recrystallized by heating, the product is poly-
crystalline and not a single crystal. For these reasons it has been
impossible to confirm by single-crystal methods the tetragonal cell
deduced by Barth (1926) for fergusonite and related compounds from
powder photographs. Recently Berman (1955) has pointed out that
natural fergusonites heated to approximately 400o-800oC for some time
give powder patterns which can be indexed on a tetragonal cell with
the approximate cell dimensions oo : 5.18 A, co : 5.4S A. Berman's

rAn abstract has already been published (Ferguson, Lg55).
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experiments showed that the fergusonite pattern indexed by Barth
(1926) is obtained when the specimens are heated above 800'C.

Experimmtal, Details

With the help of several graduate students the writer attempted a

structure analysis of synthetic YTaOe using powdet data indexed on the

tetragonal cell of Barth (1926) for which the assumed cell content is

S(YTaOJ. In attempting to take new r-ray powder photographs of

YTaOa we at first had difficulty in fusing the constituent Y:Oa and

TaOu powders. An oxy-acetylene flame and an induction furnace were

both tried with little success, but presently satisfactory results were

obtained by using a cratered graphite electrode of an arc lamp. A "run"
could be made by this method in about five minutes. During several
runs of the synthetic YTaOa, temperature measurements were made on

the sample with an optical pyrometer, and these gave measurements

of the order of 2L00oc. During the runs the samples appeared to be

molten, so that the melting point of YTaOa is probably somewhat less

than this temperature, likely the order of 2000'C.
From the carefully indexed powder photographs (the indexing wbs

only slightly different from thai of Barth (1926)) and from expected

coordinations for the Y and Ta atoms, we tried to work out a reasonable

structure. Our efiorts were in vain, and so attempts were presently

made to gef single-crystal fragments of YTaOa to provide more definitive

crystallographic data. This was done by crushing the bead after a run,

and examining the fragments between crossed Nicols on a polarizing

microscope. The anisotropic character of the material was easily seen'

but the grdat majority of the fragments from all runs were either poly-

crystalline or seemingly twinned polysynthetically. An examination on

the universal stage of some very small apparently single crystals suggested

that the mineral is uniaxial. Later r-ray work showed that the crystals

can be only pseudo-uniaxial, and the effect observed on the U-stage

was presumably due either to this or to multiple growth of the fragments
'examined. 

The later cell dimensions suggest that the crystal might well

be pseudo-uniaxial along b[010].
Many fragments that looked promising under the microscope were

mounted and r-rayed in an attempt to find a rational axis of a single

crystal. After much patient work one minute fragment about 0.05 mm.

in size was found which finally permitted r-ray orientation about a

rational axis, and an oscillation photograph and a series of Weissenberg
photographs were taken around this axis. Although this particular frag-

ment appeared single under the microscope, it gave a double set of

spots, and the fragment apparently consists of two crystals with one
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common axis, that used for our photographs. The two sets of spots
w_ere, however' easy to distinguish as the plot of the 0-revel weissenberg
(Fig. 1) shows. The single-crystal photographs show clearly that synthetic
YTaoa is not tetragonal as previously assumed, but monoclinic with
the following characteristics: oo : b.B4:t0.02A, bo : 10.g4+0.04A,
co_:5.07+0.024, g: gb.B+0.8",  probable space group l2fa, Z :4,
S.G. (calc.) :7.47. The powder data indexed on this cell are given in
Table 1.

Fig. 1 shows that the rotation axis of our crystal is D[010], and that
this is the axis common to the two crystals that make up the fragment.
As the two crystals are related by a turn of po in one direction or of
F]'in the opposite direction around D and not by any symmetry opera-
tion, we concluded that the fragment is a parallel growth and not a
twin. we have not been able to determine whether the polysynthetic
"twins" observed under the microscope are in reality twins or whether
they are parallel growths of the type we have r-rayed.

FIc. l. Plot of Glevel weissenberg p.hotograph taken around 6[010] showing tle
two reciprocal nets related by a turn of p*. ..orrrrd ,.
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our monoclinic cell gives a calculated density of. z.4z which is appre-
ciably greater than that given by Barth's tetragonal cell, 7.08. we have
not been able to check the calculated density by a good measured
soecific gravity. we measured, on a Berman balance, the specific gravity
of one YTaOe bead as b.bg, but when this bead was broken it was
found to have large holes inside it which apparentry resulted from the
vigorous reaction in the electrode. A difficulty in calculating the density
of a natural fergusonite using our monoclinic cell volume for yraoa is
that in the published chemical analyses Er has usually been determined
with Y, and Nb with ra, and both these pairs of elements have widery
different atomic weights. However, three of the analyses quoted in
Dana (1944) do list these elements separately. For one of these, that
from Arendal, Norway the calculated value, 6.18, is again much higher
than the measured, 5.27. This suggests that specimens of natural fer-
gusonite, even after heating to about 800'c to restore the structure,
are still fairly porous. Dr. Joseph Berman has agreed that this is probably
so. It may be necessary to heat natural fergusonite specimens to 1g00"c
or so to make them fuse to a solid mass in order to get a good measured
specific gravity.

Cornparison of the Monocl.inic and, Tetragonal, Cel,ls
A comparison of the true monoclinic cell with the earlier tetragonal

cell shows the latter to be unreal with Vt"n.:2* V^oo., and with tetra-
gonal [100], [010], and [001] quasi-equivalent to monoclinic [+]U, [;+U,
and [2011.

with metamict minerals such as fergusonite the question arises whether
the material recrystallized by heating has the same structure as the
original mineral. The fact that synthetic YTaoa is monoclinic whereas
fergusonite is, from morphological nieasurements, tetragonal, suggests-
that in this case the two are different. On the other hand, yTaOa is at
Ieast dimensionally pseudo-tetragonal along D[010], and it has a tendency
to still further simulate tetragonal symmetry along this axis by forming
parallel growths or twins. considering these facts along with the 4/m
morphological symmetry and the probable poor quality of the faces
originally measured, it is distinctly possible that original fergusonite is
not tetragonal but, like YTaoa, monoclinic and pseudo-tetragonal.

){ote on the Crystal Structure
The crystal structure has not yet been determined although it is

likely that both the 4Y and 4Ta atoms will be found to lie in 4-fold
special positions and the 16 o atoms in S-fold general positions. Because
of the high atomic numbers of Y and ra, 89 and 52, it will be difficult
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to deduce the positions of the light O atoms by intensity calculations;
expected coordinations and spatial considerations will likely prove of
most value in locating these atoms.

We have taken numerous powder photographs of natural fergusonite
specimens after fusion in the arc lamp electrode, and of the synthetic
compounds YNbOn and YTa6Nb4Oa, and all give essentially the same
pattern. However, consideration of all of them will be left until the
intensity changes they show can be explained in terms of substitution
in their common crystal structure.
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