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Abstract

The crystal structure of sherwoodite (tetragonal, space group l4r/amd; a : 28.06, c :
13.56A) has been determined from 848 counter-measured intensity data (MoKa radiation).
Difficulties with disorder and variability of crystal water as well as poor crystal quality
prevented refinement below R :0.72, but the essential structure is clearly revealed. Alumi-
num is found to play an essential role as the nucleus atom in the heteropoly complex molecule
found in the structure: l4-vanadoaluminate, (AlVr4O40)"-. There are 8 molecules in the unit
cell joined by C3'+ ions into chains along body diagonals, cross-linked to form an open
framework of zeolit ic character. The remaining Ca atoms and HrO molecules could not be
resolved and are presumably in disordered array in the intermolecular channels. The van-
adium is partially reduced, and the ideal formula that best f its the determined structure and
chemical analysis is Caa.u(AlVlrVIvO40).28HrO. The molecule has 4/mmm symmetry and
consists ol l4 VOu octahedra condensed by edge-sharing around the central AlOu octahedron.
The V-O distances vary from 1.58 to 2.364.

Introduction

In 1958, Thompson et al. published a description
of a new calcium vanadate mineral which was found
at the Peanut Mine, Montrose County, Colorado.
This rare species occurs as soft, greenish-black, tetra-
gonal crystals up to I mm on fracture surfaces in
Colorado Plateau sandstones bearing partially-oxi-
dized vanadium minerals. The discrete nature of the
mineral species was clearly established by its charac-
teristic physical and crystallographic properties, but a
wholly satisfactory chemical description could not be
given. The best formula that could be derived from a
microchemical analysis and crystallographic studies
was CasVBO22.l5H2O. The analysis also showed mi-
nor amounts of Al, Fe, and Mg. Thompson et al.
(1958) recognized that the true chemical nature of
sherwoodite could only be learned from a crystal
structure analysis.

Such a structure determination has now been un-
dertaken. Although still incomplete, it has clearly
revealed that sherwoodite contains isolated molecules
of a l4-vanadoaluminate heteropoly complex. The
mineral is the first known occurrence in nature of this
type of chemical complex. Although experimental
difficulties have prevented full refinement of the
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structure of this mineral to a degree that is nowadays
considered desirable, the results obtained at this
point are considered to be sufficiently noteworthy to
warrant making this preliminary report.

Experimental procedure

A flat, square fragment of a euhedral crystal 0.07 X
0.06 X 0.025 mm in size (from the Peanut Mine) was
used for structure analysis. Precession photography
confirmed the earlier space-group determination,
given as l{r/amd (No. 14l). Careful measurement of
the 20.0.0 and 0.0.12 reflections in the plus and minus
2d regions on the Picker automatic diffractometer
using MoKa radiation gave cell constants 4 :
28.06(3) and c : 13.56(2)A for this crystal. Intensities
were measured for all allowed independent reflec-
tions with 20 < 45 degrees; of 1783 measured, 848
had F ) 3o based on counting statistics, and were
used for the structure analysis.

The reflection 962 was used to monitor the primary
beam during the run, and the intensity of this reflec-
tion showed somewhat greater than expected varia-
tion. As a consequence (and because of difficulties
encountered in the structure refinement) the data set
was measured a second time, but with no apparent
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improvement. Toward the end of the second run the
monitor reflection intensity suddenly dropped to less
than one third its nominal value. A day later, it had
recovered its full strength. It seems clear that the
crystal reacts to humidity changes in the manner of a
zeolite. Absorption corrections were calculated as-
suming a rectangular parallelopiped having the di-
mensions given above, and a linear absorption coeffi-
cient p : 45 cm-'. Corrections applied to the data
varied from 1.25 to 1.75. In addition to the Lorentz
and polarization factors, dispersion corrections were
applied using the coefficients of Cromer and Liber-
man (1970). In the structure factor computations, the
neutral atom scattering factors of Doyle and Turner
(1968) were used.

The data set used for the structure analysis is rec-
ognized to be of inferior quality for the following
reasons: (l) the crystals are very soft and give irregu-
lar and broadened reflection profiles; (2) the water
content of the crystal was subject to change during
the counter run, causing changes in intensities. These
factors, in addition to the problem of accounting for
disordered cations and water molecules in the struc-
ture, will make it difficult to improve the structure
determination described in the following section.

Crystal structure analYsis

The first data set was normalized to E values and
was treated by the symbolic addition procedure
(Karle and Karle, 1966) in an attempt to find a con-
sistent set of phases. Such a set was eventually ob-
tained and used to prepare the sharpened electron
density function (E map). In this way, 6 prominent
peaks were found in the asymmetric unit, corre-
sponding to 128 atoms in the unit cell. Fourteen
peaks were clustered around the site 8(c) at the origin
of the cell, with2/m symmetry. Additional peaks in
16(9) on a twofold axis with x : 0.133 continued the
arrangement of peaks in a network of dense rods
intersecting at the sites 8(c) and leaving large open
spaces in the cell volume.

At this point we recognized that the 14 peaks
around 8(c) formed an elongated rhombic dodecahe-
dron that was very similar to that found recently by
Moore (1974) for a synthetic heteropoly complex,
Kr(MnV,rOs8)'l8HrO (Flynn and Pope, 1970),
where one of the outer vertexes of the dodecahedron
is absent. [An exactly analogous structure of
K?(NiV' 'O3E). l8HrO has since been publ ished by
Kobayashi and Sasaki, 1975.1 Such a molecule was
clearly visible in our electron density maps, complete
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with all the oxygen atoms. The peak at 16(9) was
somewhat less dense than the others (assumed to be
vanadium) and was readily assigned to Ca, which
finds itself in very favorable square antiprism coordi-
nation with 8 oxygen atoms from two adjacent poly-
vanadate molecules at distances close to 2.4A.

A peak at the 8(c) site at the center of the group of
14 vanadium atoms had a density about half that of
vanadium. It was octahedrally coordinated to 6 oxy-
gen atoms at a distance of about 1.9A. A glance at the
chemical analysis given by Thompson et al. (1958)
shows the presence of 2.7 percent Al2Os (see Table 4),
thus providing Al as an ideal candidate for this cen-
tral site. After four cycles of least-squares refinement
(using unit weights) of the Ca, Al, 5 V and 12 O
atoms thus identified in the asymmetric unit, the con-
ventional reliability factor converged to R : 0.223'
The corresponding electron density synthesis shows
these atoms (the molecules) clearly and sharply, ex-
cept for O(l). This atom appears as a broad, elon-
gated peak linked to the V(1) peak, with a maximum
near to 0, 0.096, 0.380, while the least-squares analy-
sis invariably converges at 0, 0.087,0.362. (No useful
information was provided by the difference map.)
The latter site is unreasonably close to V(l ) (< I '3A);
therefore, the former peak maximum site at a dis-
tance of 1.59A from V(l) is accepted instead.

Little detail is revealed in the intermolecular re-
gion. One weak peak appears in site 16(f) x, 0, 0 with
x : 0.300, which suggests a possible site for some
occupancy by Ca2+ or HzO species. When Ca2+ is
refined at 50 percent occupancy at this position, con-
vergence is reached with x : 0.307(4) and U :

0.19(4), with no significant improvement in R. All
attempts to place HrO molecules at low concentra-
tions of electron density in this region also failed to
yield any conclusive result. We believe that the con-
tents of the intermolecular region are strongly af-
fected in a zeolitic manner by external humidity con-
ditions, and that the structure here has actually
changed during the course of the data measurement.
Presumably, the data measurement could be im-
proved by enclosing the crystal in an atmosphere of
constant humidity. Such a procedure might result in
some further resolution of the intermolecular mate-
rial, but to judge from other experience with crystals
of this type (see below), extensive disorder probably
would stil l prevail.

The best parameters for the atoms in the molecular
framework are listed in Table 1. The observed and
calculated structure factors from the last cycle are



EVANS AND KONNERT: SHERIItOODITE

Table l. Structure and temperature parameters for sherwoodite
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Space group:  I41 lamd,  no .
U n i t  c e l - l :  a  =  2 8 . 0 6 ( 3 ) 8 ,

1 4 1 ;  o r l g l n  a t  ( c )  ( 2 / n ) ,
c = 1 3 . 5 6 ( 2 ) A ; Z = 8 .

Atom Equlpoint Un i t  ce l1  f rac t lons

v
Angstriin units

A l  8 ( c )
v(1)  r6 (h)
v ( 2 )  3 2 ( 1 )
v ( 3 )  3 2 ( i )
v (4 )  16(h)
v ( s )  1 5 ( f )
0 (1) *  16(h)
0 ( 2 )  3 2 ( 1 )
o(3) 32(r)
0 (4)  15(h)
o(s )  16(h)
0(5)  16(h)
o(7) 32(L)
o(8)  32(1)
o(e) 32(r)
o(10) 32(t)
0 (11)  32( r )
0(12) 32(r)
Ca 15(e)

0
0

0 .  0s70  (4 )
0 .  0563  (4 )

0
0 . 1 1 s 9 ( s )

0
0 . 0 4 9  ( 2 )
0 . 0 s 0  ( 2 )

0
0
0

0 .097  (2 )
0 .095  (2 )
0 .091  (2 )
0 .049  (2 )
0 .  04e  (1 )
0 .  1s l ( 2 )
0 .1318  C4 )

0
0 . 0 6 9 8  ( 7 )

-0 .0149  (4 )
0 .0852  (4 )

-0 .101s  (6 )
0

0 . 0 9 6
0 .017  (2 )
0  , 099  (2 )

- 0 . 0 s 9 ( 2 )
0 , 0 3 1 ( 2 )
0 .  111  (2 )

-0 ,0s3 (2)
0 .029 (2)
o .  120  (2 )

-0. r-31c2)
-o .042 (1)
-0 ,041 (2)
-0 ,1182

0
0 .27s8  (  16 )
0 . 1 9 4 0 ( 9 )
0 .0841  (8 )
0 .  1131  (12 )

0
0 .  380
o .  298  (3 )
0 .  1e2  (3 )
0 .  207  ( s )
0 , L 2 2 ( 4 )
0 , 0 2 L ( 4 )
o , 2 2 r ( 3 )
0.  120 (3)
0 . 0 4 9  ( 3 )
0.  r_48 (3)
0  . 044  (2 )
0 .0s7  (3 )
o . I 25

0
3  . 7  4 ( 2 )
2 ,63 (L )
1 . t_5 (1)
r . 54 (2 )

0
s .  l s  ( 10 )
4  . 05  (4 )
2  , 6 L ( 4 )
2 , 8 0 ( 6 )
1 .6s (s )
0,  29 (s)
3  . 00  (4 )
r . 62 (4 )
0 . 6 6 ( 4 )
2 . 0 0 ( 4 )
0 . 5 0 ( 3 )
0 .78  (4  )
r , l o

0 . 2 3 ( 3 )
0 .  2 3  ( 1 )
0 , 1 6 ( 1 )
0 .  14  (1 )
0 .  1 5  ( 1 )
0 . 1 3  ( 1 )
0 . 2 2
0 .  19  (3 )
0 .  2 1  ( 3 )
0 .  18  (5 )
0 . 1 2 ( s )
o .  05  (7 )
0 . 1 8 ( 3 )
0 . 1 9  ( 3 )
0  . 19  (3 )
0 , 1 8 ( 3 )
0 ,0s (s )
0 , 1 8 ( 3 )
o . r7  (2 )

0 0
0  1 , 9 6 ( 2 )

1 . 5 0  ( 1 )  - 0 . 4 2  ( 1 )
1 .58 (1 )  2 .39 (L )

o  - 2 . 5 8 ( 2 )
3 . 2 s ( 1 )  0

0  2 . 7 0 ( 1 0 )
1 . 3 7 ( 4 )  o , 4 7 ( 4 )
1 , 4 1 ( 4 )  2 , 7 9 ( 4 )

0  - 1 .  6s  ( 5 )
0  0 . 8 6  ( 5 )
o  3 . L 2 ( 4 )

2 , 7 2 ( 4 )  - 1 . 4 8 ( 4 )
2 .70 (4 )  0 .81 (4 )
2 . 1 2 ( 4 )  3 . 3 1  ( 4 )
L . 3 1 ( 4 )  - 3 . 5 7 ( 4 )
r . 3 t  ( 3 )  - 1 , 1 8 ( 3 )
4 , 2 4 ( 4 )  - 1 . 1 6  ( 4 )
3 .70 (1 )  - 3 .32

*  Coord lna tes  f rom e lec t ron  densLtv  map,

l isted in Table 2'. The various crystallographic calcu-
lations have been carried out using the Xnny72 and
Xnev76 computer systems evolved by J. M. Stewart
and his colleagues at the University of Maryland.

The l4-vanadoaluminate molecule

Sherwoodite is the hydrated calcium salt of the l4-
vanadoaluminate heteropoly anion. The polyion has
the ideal composition [AlV11O4o]"-. If the vanadium
were fully oxidized ,4 would be 7, but we know from
the chemical analysis and the dark color of the crys-
tals that the vanadium must be partially reduced. The
vanadium atoms are all in more or less distorted
oxygen octahedra, and the l5 octahedra in the mole-
cule are condensed into a dense structure in which the
oxygen atoms are in a cubic-close-packed arrange-
ment (Fig. la). The whole edifice may thus be consid-
ered as a fragment of a NaCl type structure. The
tendency of heteropoly and especially isopoly com-
plexes to adapt to a limited NaCl structure has been
previously noted by Evans (1966).

As shown in Figure lb, the central AlO. octahe-
dron shares all its edges with neighboring VO. octa-
hedra: 4 equatorial, 4 with the next level of VOu
octahedra above, and 4 below. This arrangement is

' A copy of Table 2 may be obtained in microfiche by ordering
Document AM-78-085 from the Business Office, Mineralogical
Society of America, 1909 K Street NW, Washington, DC 20006.
Please remit $1.00 in advance for the microfiche.

capped at the top and bottom by 2 further VO6
octahedra. Although the symmetry of the molecule
required by the crystal space group is only 2/m, it
conforms cfosely to the ideal symmetry 4/mmm.Us-
ing Cartesian axes x and y parallel to twofold axes
through the vanadium atoms and z parallel to the
fourfold axis, the molecule can be defined in terms of
Al at the origin, 3 types of V, and 7 types of O, as
shown in Table 3, in which the symmetry-idealequiv-
alent dimensions from Table I have been averaged.
The corresponding coordinates found by Moore
(1974) are also given. Table 4 shows bond lengths in
the molecule derived from Table 3, and also the range
of these lengths actually observed in the structure.
The bond lengths vary primarily according to the
number of metal atoms bonded to the oxygen atom in
question. Of the 40 oxygen atoms in the molecule,
2(O") share 5V + Al (avg. V-O distance, 2.21A);
4(Or) share 4V + Al (2.12A);8(O") share 3V (1.90A);
8(O5) share 2V ( l .8lA);  and l8(O,,  06, O") are
bonded to only one V ( l .6lA).

The temperature factors for the molecular cations
are fairly large, but not more than expected for a
molecular structure of this type, an open ionic frame-
work of large polyanions joined by Ca2+ ions, with
loosely bound cations and water molecules in the
intermolecular regions. The largest vibrations are
found for V(l) and O(l), the top and bottom VO
groups in the complex, suggesting that there is con-
siderable libration around the Al-V(l ) axis. The large
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anisotropic thermal motions of these atoms have cer-
tainly distorted the definition of the V(l)-O(l) bond
link. We have therefore somewhat arbitrarily chosen
a site for O(l) that insures that the bond length is
greater than 1.55A (see above).

The corresponding bond lengths found by Moore
and by Kobayashi and Sasaki are also shown in
Table 3 for comparison. The agreement among the
three sets of bond lengths is excellent, except for
Vr,-Oo, which varies from 1.6 to 2.09A. This varia-
tion seems to be real, but at present we have no
explanation for it.

The studies of the synthetic 13-vanadate complexes
by Moore and Kobayashi and Sasaki convinced these
scientists that the l3-fold stoichiometry is adapted to
the crystallographic tetragonal point group symmetry
4/mmm in each case (space group 14/mmm) by ran-

Table 3. Cartesian coordinates of idealized polyvanadometallate

A t o m  d e s l g n a t i o n s  r e f e r  t o  F 1 g .
Symetry 4/m; coordlnates in A.
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Fig 1.  The l4-vanadoaluminate molecule ion:  (a)  polyhedral  representat ion wi th associated Caz+ ions;  (b)  bonding conf igurat ion.

A t o n  M u I t i -  N o .  ( A 1 V 1 a O a 9 ) 9 -
p l i c i t y  ( T a b .  1 )  x  y  z

dom location of the missing equatorial VOu octahe-
dron on four positions around the 4-fold axis. We
tested our structure for similar random orientations
of a (AlV,aOsr) molecular group around the 8(c) site
of 2/m point symmetry, by varying the population
parameters for V(4), V(5) in equatorial octahedra
and V(1) in apical octahedra. These parameters in
full isotropic least-squares analysis acquired the val-
ues 0.99, 0.91 and 0.94 (+0.06), respectively, without
altering the R index. Thus, we find no evidence for
less than l4 V atoms in our molecule.

Intermolecular structure

The l4-vanadoaluminate molecules, which are
tilted -28o from the c direction in the mirror planes,
are arranged in an elegant framework joined by Ca2+
ions, as depicted in Figure 2. The cation is clamped
on a two-fold axis between two vanadoaluminate
molecules in a square antiprism by 4 pairs of oxygen
atoms ar an average distance of 2.45A [2.45 to O(7),
2,55 to O(9),  2.38 to O(10),  2.40 to O(12);  al l
+0.04,4,]. Large channels, about 7A in diameter, run
parallel to the c axis close to the 4t screw axes in the
structure. Irregular side channels, 3 to 6,{ in section,
connect the larger channels to each other along diag-
onal axes parallel to the x-y plane. As noted above,
only one possible site for additional Ca could be
found on the electron density map in this open re-
gion, but this indication is very weak and is not
adjacent to any molecule. Also, no definite evidence
for localized water sites could be found. It is appar-

( M n V 1  3 0 3 s )  
7 -  *

x y z

AI ,Mu
V1
Vt t
v t t t
o -
O6
oc
O6
0e
Of
oo

0
0

1  . 5 9
3 , 2 4

0
r . 3 7

0
2 , 7 L
2 , 7 0
1 . 3 5

0
4 , 2 0
2 . 0 6

0
5 . 8 2
3 , 7 8
r ,  8 3
2 , 0 9
1  t 1

0
0

0
1 0

2 , 3  1 . 5 9
4 , 5  0

1 0
2 , 3  r , 3 7

5 0
7 , 9  2 , 7 r

4 , 6 , 8  0
1 1  1 .  3 5

r o , r 2  1 . 3 8

0
4 . 2 2
2 , 1 3

0
5 .  8 1
3 . 7 0
r .  8 6
2 , 0 6
7 , 7  2

0

0 0
0 0

r  . 6 0  I .  6 0
0  3 . 3 2
0 0

L , 3 2  r , 3 2
0 0

2 , 7 3  2 , 7 3
0  2 . 6 4

r , 2 9  L , 2 9
L . 2 8  4 , 3 4

o

*  D i m e n s i o n s  f r o n  M o o r e ( 1 9 7 4 ) .
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A1 (Mn, Ni) -Oc
-O1

vr-0.
-06

vtt-ob

-Od
-oe
-og

Vt r r -0 .

Table 4.  Bond lengths in ideal ized polvvanadometal late ions

A t o n  d e s i g n a t l o n s  r e f e r  t o  T a b .  2  a n d  F i g .  1 b ;  l e n g t h s  ( d )  i n  & ,

ALons ( a l v 1 q o a 9 ) e -
d(+0.05)  range

(Mnv1 3036)  7 -  (N iv1  3o3s)  
7 -

d  ( * 0 . 0 1 )  *  d  ( + 0 . 0 2 )  * *

1 . 8 6
I  . 9 1
1 . 5 9
2 , O r  r . 9 9 - 2 . 0 5
2 . 3 6
1 . 6 1  1 . 5 3 - 1 . 6 9
2 . 2 7  2 . 2 6 - 2 . 2 7
1 .  5 8  1  . 5 8 - 1 .  5 9
1 . 9 8  r . 9 3 - 2 . 0 3
2 . L 6  2 . ) . 3 - 2 . I 9
1 . 8 5  1 . 7 5 - 1 . 9 0
2 . 3 2  2 . 3 0 - 2 . 3 5
1 . 6 9  L . 6 7 - r . 7 I

formula, the Al and Fe were lumped together with V
(and Mg with Ca) and written in ideal form as
CarV.Orr.l5HrO. We now know that Al plays a spe-
cif ic role, but we may sti l l  assume that FezOs together
with one HrO may replace VrOo in the molecule. The
new formulation is:

[CadA lVV,n -, - rVjv Fe"OnoH, )]

[(Ca, Mg )t. u* rx + y t n(HzO) m - y nf .

The left brackets contain the molecular framework
component, and the right brackets contain the inter-
molecular material. It is diff icult to reconcile this
formula with the reported chemical analysis. The
given weight percentage of CaO and FezOg implies a
value of x of 3.5 Cv : 0.2) and a weight percentage of
VrOo of 13.9. On the other hand, the given weight
percentage of V2O4 of 6.2 is consistent with l l.8
weight percent CaO * MgO. On the basis of our
knowledge of the structure and the diff iculties associ-
ated with such a microanalysis, we believe the actual
composition to l ie somewhere between these limits. If
we assume an integral value for VIv, namely x : 2,
the expected composition is that shown in column 4
of Table 3. Here z is taken to be 28, but this value is
uncertain and variable. The corresponding formula
weight is 2065, which with 8 formula units per cell
leads to a predicted density of 2.56, somewhat less
(perhaps due to lost water) than the reported value of

Fig. 2. The unit cell of sherwoodite, showing the 14-
vanadoaluminate molecule ions linked by Ca'?+ ions into a three-
dimensional framework.

1 .  8 3
1 .  8 2
r . 6 2
1 .  9 1
2 , 3 7
r . 7 7
2 , 2 7
1 . 6 0
1.  ,92
2 . L L
1 , 9 5
2 . 4 L
r , 6 4

1 , 8 2
1 .  8 9
1 .  5 4
1 . 9 0
2 . 4 0
2 . O 9
2 . 2 1
1 .  5 9
1 . 9 3
2 . O 9
1 . 9 5
2 . 3 8
L . 6 2

*  F r o o  M o o r e ( 1 9 7 4 ) ,
** Fron Kobayashi and Sasakt(1975).

ently not possible to locate with certainty any of the
intermolecular atoms with the data aI hand. This
situation is particularly unfortunate with respect to
Ca, because the charge on the polyanion, and hence
the oxidation state of V, is related to the population
of Ca in the structure.

The elusive character of intermolecular material in
structures of this type is often encountered. For ex-
ample, Strandberg (1975), in his careful refinement
of the cubic structure (see Allmann, 1976) of
Hr(PMo,rOoo)-29-3lHrO was able to find only 6HrO
in the formula. In spite of this, partly because of the
predominance of Mo scattering, he was able to reach
R : 0.047. Clark and Hal l  (1976) had a simi lar
experience with the same structure, arriving at R :
0.099. In contrast to the elegant model for the inter-
molecular water molecules proposed in the original
description of this structure by Bradley and Il-
lingworth (1936), these H2O molecules are evidently
moving at random in the intermolecular channels.
Kobayashi and Sasaki (1975) reported the structure
of Kr(NiIVV,rOrr). l8HrO without locat ing 4K+ or
any water molecules, giving R : 0.089. Moore (1974)
had a similar experience with Kr(MnIVV,rOs).
l8HrO. In view of these experiments, it is quite likely
that, even if we can acquire a data set from a stabi-
lized crystal, it will not be possible to define clearly
the intermolecular material in sherwoodite.

Chemistry of sherwoodite

Thompson et al. (1958) reported the composition
of sherwoodite on the basis of a microanalysis (by
Meyrowitz) of a 14 mg sample. We attempted an
electron microprobe analysis of a sherwoodite crys-
tal, but without success because of its extreme soft-
ness and high water content. Therefore, we can rely
only on the published analysis (Table 5). In writing a
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Table 5 Chemical composition of sherwoodite

(1 )  Ana lys ls  (we lgh t  percent )  f ron  Thompson,  Roach,  and
Meyrowi tz  (1958) .

(2) Moles contained ln one fomula unit:
Caa.  3Mgs .  2  (A IVJ1 .  sv lvs res .  2o4oHo,  2  ) ,  27 ,  g12o,

(3 )  Weigh t  percent  ca lcu la ted  f ron  (2 ) ,

Component ( 1 ) (2 )

Bradley, A. J. and J. W. I l l ingworth (1936) The crystal structure of
HaPW',Ono.29HzO. Proc. R Soc. Lond, A157, l l3-131.

Clark. C. J. and D. Halt (1976) Dodecamolybdophosphoric acid
circc 30-hydrate. Acta Ctystallogr, 832, 1545-154'1.

Cromer, D. T. and D. Liberman (1970) Relat ivist ic calculat ion of
anomafous scattering factors for X-rays. ,/. Chem Phys, 53,
l  891- r  898.

Doyle, P. A. and P. S. Turner (1968) Relat ivist ic Hartree-Fock X-
ray and efectron scattering factors. Acta Crystallogr., A24' 390-
397.

Evans, H. T., Jr. (1966) The molecular structure of the isopoly
complex ion, decavanadate (V,oOr")o -. I no rg C hem., 5' 9 67 -97 7 .

Flynn, C. M., Jr. and M. T. Pope(1970) l :13 Heteropolyvanadates
of manganese(IV) and nickel(lY). J Am. Chem Soc., 92' 85-90.

Karle, J. and I.  L. Karle (1966) The symbolic addit ion procedure

for phase determination for centrosymmetric and non-
centrosymmetric crystals. Acta Crystallogr', 2 1, 849-859.

Kobayashi, A. and Y. Sasaki (1975) Crystal structure of K?
(NitvvrsOss). l}HzO. Chem. Lett. (Japan), 1123-1124.

Moore, P. B. (1974) Crystal structure of K'(MnV'sOss)' l8HrO.
Samples for this study were kindly provided by Prof' M. T' Pope
of Georgetown University, Washington, D.C. Unpublished
work; private communication.

Strandberg, R. (1975) Mult icomponent polyanions' 13. The crystal
structure of a hydrated dodecamolybdophosphoric acid,
HrMorrPOno(HrO)rr-r,. Acta Chem. Scand., A29' 359-364.

Thompson, M. E., C. H. Roach and R. Meyrowitz (1958) Sher-
woodite, a mixed vanadium(IV)-vanadium(V) mineral from the
Colorado Plateau. Am. Mineral. ,  43,749-755.
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( 3 )

Cao
Mgo
vzos
vzoq
Ie203
A1203
Hzo

Total

13,7
0 , 5

52 . r
6 , 2
0 , 8
2 . 6

23 . r

100  , 0

c . 5 l

0 . 2 3
5 . 9 0
1  , 00
0 . 1 0
0 .  5 0

28 .00

1 1  , 8
0 . 5

52 ,O
8 . 0
0 . 8
t s

24 .4
-1bb'5

2.8. Under the circumstances, the agreement of these
calculated and observed data may be considered to be
fairly good. The probable ideal formulation for sher-
woodite is therefore Cao.u(AlVYrVluOoo). 28HrO.
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