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ABSTRACT

The unit cell of pucherite, BiVOa, is orthorhombic with o:5.332 A, D:5.06e A, c
:12.02 A, and, Z:4. The space group is Pnca. A preliminary structure is described with Bi
and V at l0z;|Oz;l , i , i lz; t ,LL-2, (zar:u0.108; zv^u0.392). EightOare in 000; |00;
}ii; *iE and 00|; iDi; 0L0; j,10. The remaining 8 O are in general positions with *az -.'u,
4 , - l J - l -  o - L - - r -
J - 4  |  A O t p - 4  3 O .

IllrnorucrroN

Pucherite, BiVOr, is better crystallized, and has been characterized
more satisfactorily (Dana, 1947), than many of the vanadium minerals
(Barnes & Qurashi, 1952). Single crystals, however, are very small and
curved faces are common.

fn a short note, de Jong and de Lange (1936) report axial lengths,
from r-ray rotation photographs of material from Schneeberg, Saxony,
as o:5.38 A,6:5.04 A,  c :11.98 A,  wi th an est imated accuracy of
+ 0.03 A. The wavelength of the Fe radiation employed is not given but
preiumably A should be replaced by kX units. They assumed the cell to
be orthorhombic in agreement with the morphological data, and calcu-
lated a value of 6.57 for the specific gravity if there are 4 formula units
per cell. They point out that this difiers appreciably from 6.25, the value
given in the literature. Owing to lack of suitable material, de Jong and
de Lange were unable to determine the specific gravity of their material,
nor were they able to fix the space group.

Through the courtesy of Professor Clifiord Frondel a specimen of
pucherite, also from the type locality, Schneeberg, (Harvard No. 101703),
was obtained for a structure determination as part of a general pro-
gramme on the vanadium minerals.

UNrr CBn AND SPAcE Gnoup

Throughout this investigation, a Buerger precession instrument was
employed with Mo Ka radiation (I:0.7107 A).

The unit cell was found to be orthorhombic, in agreement with the
assumption of de Jong and de Lange (1936), with o:5.332+.005 A,
D : 5.060 * .005 A, c: 12.02 + .01 A. The length of the a axis is aborft l/6
smaller than that found by de Jong and de Lange but the lengths of the
other two axes are almost the same. If the specific gravity is taken as 6.25
the number of formula units per cell (Z) is 3.77 which not only shows that
there are 4 BiVO4 per unit cell but also confirms doubts regarding the
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validity of the experimental value for the specific gravity. Single crystals
were so small that an accurate redetermination of the specific gravity
on suitable material was not possible even by the flotation method. The
calculated density is 6.63 g/ml.It is possible, of course, that some degree
of substitution of Bi or V by other atoms might account for the discrep-
ancy between the calculated values and 6.25.

Comparison of upper level with zero level precession films reveals the
presence oI an n glide perpendicular to a, a c glide perpendicular to b,
and an o glide perpendicular to c. The space group is thus uniquely es-
tablished as Pnca (Drutn), retaining the same orientation as that used by
de Jong and de Lange (1936).

PnBrrurNanY SrRUcruRE

With Z:4, there are 4Fi,4 V, and 16 O to locate in the unit cell.
In space grorp Pnca there are three possible 4-fold positions and one

general 8-fold position. The metal ions, therefore, must be in the 4-fold
positions.

In addition to the characteristic space group extinctions, (0kl) it k
*l odd, (h0l) if I odd, (hhU) iI h odd, the general (hkl) reflections are
very weak (only about 0.01 the intensity of the strong ones) when (ft*l)
is odd. Thus most of the atoms, including the Bi and V, must be in the
special 4-fold positions.

Intensities were estimated visually from multiple film exposures and a
preliminary inspection suggested that the heaviest atoms, Bi, were in
special positions (c), f, 0 z ; Z 0 z ; +, t, t* z ; 2, t, L - z, with aru|.

Patterson projections on hol and0kl, verified the Bi positions and gave
z:0.10s. The four V atoms were found to occupy the same type of posi-
tions but with z-0.39r. Eight O atoms were located in special positions
(o) ,  000;  *  00;  0  i  i ; *  i | ,  and ( r )  00 * ;  L  0 i ;0  i  o ; i  i0 .  The remain-
ing e ight  O atoms are in  the general  posi t ions (d) ,  r ,  y ,z ;  t lx ,L-y,
* -z ;  * ,  i - ly ,  | -z ;  t -x ,  y ,  z  (and these wi th changed s igns) ,  where
erz -sb, y=l*sto, z-i - eto.

The preliminary structure so obtained is shown projected along the c
and 6 axes in Fig. 1a. It gives very good agreement with the observed
(hkl) intensities, the weak ones from planes with k+l+22 being due
solely to the eight oxygen atoms in the set of general positions. Further-
more, the perfect {001} cleavage of pucherite is accounted for by the
weak Van der Waals' bonds between oxygens across the planes at z: * i.

It is hoped to refine the structure by Fourier projections, and to ob-
tain the oxygen parameters more accurately from an independent analy-
sis of the intensities of the (hkl) reflections with klll2n..
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Frc. 1. a (top), Pucherite, BiVOa; b (bottom), tetragonal BiAsOr (after Mooney, 1948).
Large open circles, Bi; solid circles, V or As; crosses, O.

DrscussroN

Although it is difficult to draw reliable conclusions about the oxygen
coordination around the metal ions until the parameters of the oxygens
in general positions are fixed more accurately, the preliminary structure
indicates that both bismuth and vanadium are present in pucherite as
tetravalent ions with the oxygen ions grouped somewhat closer around
the smaller vanadium ions than they are around the larger bismuth ions.

The pucherite structure may be compared directly with that proposed
by Mooney (1948) for tetragonal bismuth arsenate, BiAsO+. This crystal
has the scheelite structure, space group C+n6-I4t/ a, with o:b:5.08 A
and c:11.70 A. The axial lengths, therefore, are very close to the corre-
sponding ones of pucherite. The cell volume of the vanadate, however, is
about 7/6 larger than that of the arsenate in spite of the smaller ionic
radius of vanadium. This suggests a somewhat more open coordination
in pucherite.

The bismuth arsenate cell is shown in Fig. 1b in the same projections
as those of pucherite in Fig. la. For purposes of comparison the origin of
Mooney's cell has been shifted to |, 0, f. There is some superficial simi-
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Iarity between the two sets of projections, particularly in the positions
of the metal ions, but examination of their y coordinates in Fig. 1 shows
that they form a face-centred lattice in the vanadate as against the body-
centred Iattice in the arsenate. This is presumably connected with the
difierent types of oxygen coordination in the two structures. It should be
mentioned, however, that tetrahedral coordination of the AsOa groups
was assumed in working out the structure of bismuth arsenate (Mooney,

19a8); it was not derived from the intensity data.
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