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Structural Investigations on Scholzite
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Abstract

Schdlzite, ZnrCa[PO.lr.2HzO, has a substructure with Pbcn symmetry, and subperiod I =

b/3.ltsactualstructure(symmetry Pbc2r)isadistortionof thesubstructuremodelwithsmall
shifts (mainly parallel to x) of the atomic positions in three adjacent subcells. The refinetnent
of this distortion-structure model, which contains 45 atoms in the asymmetric unit, reduced

the R value to 8.1 percent for 1924 observed reflections. The structure shows chains ofZnO,

tetrahedra parallel to [001]. These chains are "Einereinfachketten," which are connected to

other similar chains by isolated PO. tetrahedra. The calcium atoms are surrounded by dis-

torted oxygen octahedra which are formed by one oxygen from each of four different POr

tetrahedra and two oxygens from two water molecules. The water molecules, in groups of

four, occupy cages surrounded by two CaO. octahedra and four POn tetrahedra.

Introduction

Scholzite, a secondary phosphate mineral, occurs
at Reaphook Hill (Southern Australia) and in peg-
matites at Hagendorf (Bavaria), Transbaikal near
Zabajkali in Siberia (Timchenko and Siderenko,
1962), and in the pegmatite near DomazliEe in
Bohemia (Stariek, 1966). In its idealized formula,
ZnrCalPOolr'zH2O, some of the zinc is replaced by
minor manganese, magnesium, and very small
amounts of iron. Strunz and Tennyson (1956) report
an analysis of Hagendorf scholzite.

Space Groups and Unit Cells of the
Structure and the Substructure

Professor Strunz kindly supplied Hagendorf
material for a structural investigation. The observed
diffraction pattern and the morphology show
orthorhombic symmetry. The lattice constants were
determined and refined toi a = 17.149 + 0.003 A', b :

22.236 t 0.002 A, r : 6.667 +.0.001 A, Z : 12.
Most reflections with k : 3n are very strong,

whereas all reflections ftkl with k :3n * I are weak,
indicating that scholzite has a substrueture. The sub-
cell has lattice constant B : b/3.If we consider only
substructure reflections, the following extinction rule
can be derived:

h K 0 , h l K : 2 n p r e s e n t ,

I Present address: Hochschulrechenzentrum der Johann Wolf-
gang Goethe-Universit?it, 6 Frankfurt/Main, Griifstrasse 38, Ger-
many.

\K l ,  K :2nPresent ,

h0l ,  l :2n Present '

This is consistent with space group Pbcn.
In a structure with a substructure, the space group

of the true structure is a subgroup ofthe space group
of the substructure (Buerger, 1947). The orthorhom-
bic subgroups of Pbcn are: Pb2n, P2L22L, P2(n, and
Pbc2r. However, Pb2n and P2rcn can immediately
be discarded because superstructure reflections hkt,
where i + k : 2n I l, are clearly present. However,
forbidden reflections for the other two space groups
can also be observed, although they are extremely
weak. We consider Pbc2, or P222r as more probable
space groups for the entire structure of scholzite.
Space group Pbc2rwas confirmed by the subsequent
refinement. The very weak forbidden reflections may
be due to a lower-symmetry distribution of the
hydrogen atoms or trace substituents.

Independent ly,  Hi l l ,  Johnson, and Jones (1973)
and Hill and Milnes (1974) determined scholzite's
space group as Pbc2'.

IntensitY Measurements

Intensity data were collected with an automated
single-crystal diffractometer (Aro, Siemens) designed
for an Eulerian-cradle geometry' Monochromatic
Cu,l(a X radiation was employed. About 2750 reflec-
tions were measured in the asymmetric field of the
CuKa sphere. These intensities were corrected for
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background, Lotentz, polarization and absorption
effects (rr. : 16l.l cm-r; the crystallite had the shape
of an orthorhombic prism).

Substructure Determination

A Patterson synthesis using all reflections, another
using only the superstructure reflections, and one us-
ing only the substructure reflections were calculated.
By interpreting the Patterson synthesis of the sub-
structure, a model was found whose parameters,
based on film data, have been reported in Taxer
(1970; see Fig. l). The subcell model appears very
reasonable, especially in light of the crystal
chemistry. The interatomic distances and the bond

r p p.o

angles compare well with the conventional values for
the corresponding polyhedra. The structure model
shows chains of ZnOn tetrahedra parallel to c which
are connected to other similar chains by isolated PO1
tetrahedra. The calcium atoms are surrounded by dis-
torted oxygen octahedra which are formed by one ox,
ygen from each of four different POn tetrahedra and
two oxygens from two water molecules. The ZnO.
tetrahedra are arranged in "Einereinfachketten"
(Liebau, 1956); these are chains of tetrahedra. all of
which have the same orientation and whose bridge
oxygen atoms lie on a line parallel to the chain direc-
tion. Such "Einereinfachketten" have only been
found up to the present time in copper polyger-
manate, (CuGeOs)" (Liebau, 1957; Kleber, 1969).
The CaO, octahedra form zig-zag chains parallel to
[001]. The water molecules, in groups of four, occupy
cages surrounded by two CaO. octahedra and four
POn tetrahedra.

Several cycles of refinement on the positional
parameters and isotropic temperature factors
reduced the discrepancy factor, R : ) llF"o.l -

lF",r"l | /2 lF"oJ, to 13.7 percent for about 700 struq-
ture factors.

Distribution of the Hydrogen
Atoms of the Wster Molecules

The hydrogen positions could not be determined
from the diffraction data, but by means of crystal
chemical criteria nine possible arrangements of the H
positions in the substructure may be obtained. None
of these fulfills the symmetry conditions of Pbcn ex-
cept one which is very improbable since the crystal
chemical requirements are not satisfied perfectly.

Determination of the Full Structure

Examination of the weak reflections with ft = 3n l.
l ,  of  the typehk},  showed h + k:2n * I  present,

TABLE l. Parameters (Fractional Coordinates and
Temperature Factors) of the Atoms in the Asymmetric

Unit of the Entire Structure of Scholzite*

Space Group Pbc2r,  R:  8.1 Percent

o ( t a )A t  o D

Frc .  l .
plane. The
of  c .

Projection ofthe idealized substructure onto the (001)
numbers indicate the idealized z coordinates in l/16

c B ( r )  o . 0 1 5 ? ( 3 )

c a ( 2 )  - o . 0 0 6 T ( 3 )

c e ( 3 )  - o . o o t : ( ! )

z \ ( 1 )  o . 2 1 1 1 ( 2 )

z A ( 2 1  - o . 2 2 9 9 ( 2 )

z n ( 3 )  o . 2 8 2 2 ( ? \

o .1265 (3 ' , )

o , 2 0 6 5 ( 3 )

o . 8 t s o ( L )

o . 0 0 3 0 ( 2 )
- o . 0 o 2 9  (  2  )

0 . 1 5 8 5 ( 2 )

o . 2 5 r +  ( 2 )  0 . 5 9 ( 5 )

o . 7 \ 8  ( 2 )  1 . o L ( 9 )

o . 7 5 8  ( 2 )  2 , 2 5 1 ' t 1 )

o . 1 9 5 5 ( 1 4 )  o . [ 5 ( 5 )

o . 3 2 1 1 ( 1 u )  o . Z S ( S l

0 . 1 9 1 r 1 ( 1 1 )  0 . 8 1 ( 5 )
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z n ( r r )  - o . 2 7 5 6 ( 2 )  0 . 1 5 5 1  ( 2 )

z n ( 5 )  0 . 2 5 7 t + ( 2 \  o . 8 2 8 l r  (  2  )

z n ( 6 )  - 0 . 2 1 0 8 ( 2 )  0 . 3 3 o 2 ( 2 )

I  6 t  
{  r ou  )  3 - t " t r ahed . ron

P ( 1 )  o . 1 5 2 t ( l + )  0 . 1 1 0 8 ( l + )

o ( 1 )  0 . 1 5 t 1 ( 1 0 )  o . o T 8 \ ( 8 )

o ( a )  0 , 1 5 5 8 ( 1 1 )  o . o 5 t 3 ( 9 )

o ( 3 )  o . 2 2 7 9 ( 1 3 )  o . 1 5 1 9 ( 1 2 )

o ( L )  o . o ? 8 2 ( 1 0 )  o . 1 l r 8 3 ( 9 )

2 ' ^ * ( P 0 1 ) -  t e t r a h e d r o n

P ( 2 )  0 . 8 5 2 3 ( ) + )  o . 1 o 3 L ( 3 )

o (  5 )  - o .  r  t \ 6 (  1 2 )  o . o 5 \ \ (  1 2 )

o ( 5 )  - o . r 5 8 L ( r 2 )  0 . o 5 8 5 ( 1 0 )

o ( ? )  c , ? 1 4 ? ( 1 0 )  o ' 1 1 + 9 1 ( 9 )

o ( 8 )  o . 9 2 9 7 (  1 o )  0 . 1 3 t 5 ( 9 )

? -

3 ' * ( r o 6 ) -  t e t r a h e d r o n

P ( 3 )  0 . 1 5 7 1 ( ! )  0 . 2 2 8 ) + ( 3 )

o ( 9 )  0 . 1 5 \ 2 (  1 o )  0 . 2 6 6 1 ( 9 )

o ( r o )  0 . 1 5 8 6 ( 1 2 )  0 . 2 5 \ l + ( 1 0 )

o ( 1 r )  0 . 2 2 8 3 ( r o )  0 . 1 8 5 ! ( 9 )

o ( 1 2 )  o . 0 8 1 ] + ( 9 )  0 . 1 9 1 8 ( ? )

l +  " "  (  P 0 L  ) '  t e t r a h e d r o n

P ( l l )  o . 8 5 5 7 ( l r )  o , 2 2 5 1 4 ( 3 )

o ( 1 3 )  - 0 . 1 5 3 2 ( 1 0 )  o . 2 6 0 0 ( 1 0 )

o ( r l + )  - 0 . 1 ! 5 2 ( 1 0 )  o . 2 5 \ 9 ( 1 r )

o ( 1 5 )  - o . 2 1 6 9 ( 1 1 )  0 . 1 8 0 1 ( 9 )

o ( 1 5 )  - o . 0 5 t  ( 1 3 )  o , 1 9 2 5 ( 1 2 )

e -
c  " "  f  p o .  I '  i F t ? E h e d  T o r r

P ( 5 )  0 . 1 \ 2 r  ( 5 )  0 . 8 9 3 9 ( ! )

o ( r 7 )  0 . 1 5 3 2 ( 1 1 )  0 . 9 2 3 7 ( 1 )

o ( ! 8 )  o . 1 l + l + ? ( ! r )  o . 9 3 t r ( 9 )

o ( 1 9 )  0 . 2 1 0 9 ( 1 1 )  0 . 8 \ 8 9 ( 9 )

o ( 2 0 )  0 . 0 6 8 \ ( r 1 )  0 . 8 5 5 8 ( l o )

K " "  ( P o .  ) '  t e t r e h e d r o n

P ( 6 )  - o . 1 t T ? ( L )  o ' 8 9 1 6 ( 2 )

o ( 2 1 )  - 0 . 1 5 8 1 ( 1 0 )  0 . 9 3 6 1 ( 1 1 )

o ( 2 2 )  - 0 . 1 5 5 8 ( 1 1 )  0 . 9 2 5 3 ( 1 3 )

o ( 2 3 )  - o . o 8 l + 1 ( 9 )  0 . 8 5 \ 3 ( 1 1 )

o ( 2 1 + )  - 0 . 2 3 1 \ ( 1 0 )  0 . 8 ) + 8 5 (  1 2 )

Oxygen  a toms  o f  t he

o ( 2 5 )  o . o b 9 7 (  1 3 )

o ( 2 5 )  o . 9 \ 5 3 ( r 1 )

o ( 2 7 )  0 . 0 5 8  ( 2 )

o ( 2 8 )  0 . 9 5 9 3 ( 2 )

o ( 2 9 )  o . 0 3 5 5 ( 1 l + )

o ( 3 0 )  - 0 . o 5 5  (  1 3 )

v a t e r  n o l e c u l e E

o . o l + 5 9 ( 1 2 )  o . l + 7 1  ( 5 )  1 . 3 5 ( 9 )

0 . 0 5 3 3 ( 9 )  0 . 0 9 2  ( l r )  e . 9 5 (  t o )

0 . 2 8 5 ? ( 1 1 + )  o . 9 5 1 +  ( 5 )  2 . 3 7 ( 8 )

o . 2 9 0 5 ( 1 \ )  - o . l + 5 5  ( 6 )  1  ' 9 8 ( r o )

o . 9 1 2 \ ( 1 2 ' )  o . 9 5 5 ( 1 2 \ ' t . 6 6 ( 9 \

o . 9 5 0 8 ( 1 1 )  - o . l + 2 1 +  ( 1 1 )  1 . 0 2 ( 9 )

whereas h + k : 2n are extremely weak. This means
that the,?-glide plane | | (001) of the substructure does
not exist in the entire structure. The distribution of
the maxima and the minima of the Patterson syn-

thesis of the complementary structure, calculated
with only the weak reflections, (k = 3K * I ), suggests
a distortion structure model in which the atomic posi-

tions are shifted slightl! from those of the substruc-
ture model. Assuming Pbc2rto be the most probable

space group of scholzite, I derived a model of the
structure by calculating structure amplitudes and
partial electron-density difference Fourier syntheses
successively. The length and the directions of the
shifts were obtained by refining only the space
parameters.

All occupancies were assumed to be 1. After refine-
ment of the isotropic temperature factors, the dis-
crepancy factor, R, became 8.1 percent for 1924
"observed" reflections-they were separated from
the non-observed ones, which could be measured
neither visually nor with a photometer-from a total
of 2750 measured structure factors' The weak reflec-
tions, k = 3K t l, alone agree well with the structure
model. The R value for 1300 superstructure reflec-
tions alone is l0.l percent. The refined parameters

are listed in Table 1. The temperature factors of the
oxygens of the water molecules are relatively high,
but this agrees with their relatively loose contacts.
The interatomic distances and the bond angles lie
within the range of the values which are found in
other structures. The arrangement of the atoms in the
entire structure is approximately the same as that in

the substructure (see Fig.2). The essential character-
istics of the entire structure, compared with the sub-

o O o o
C a Z ^ P

Frc. 2. The asymmetric unit of scholzite, space group Pbc2t.

The origin was shifted to facilitate a comparison with the substruc-

ture.

0 . 3 1 9 5 ( 1 1 + )

0 .  r 8 5 3 (  1 l + )
- o . 1 8 8 1 + ( 1 3 )

o . 9 3 0  (  2  )

o .  1 3 8  ( 3  )

o . ? 5 . I  ( l + )

o . 9 5 2  \ r )

O .9 l+2  (  I +  )

- o . \ l + l +  ( 2 )

- o . z t + 6  ( 5 )

o . 3 8 1  ( \ )

- 0 . ) + 1 1  ( t )

- o . l +3?  (  l +  )

o . \ l + 2  ( 2 )

0 . 6 3 1  ( 3 )

0 . 2 5 7  ( I + )

o . 1 5 8  (  3  )

o . ) + 7 5 ( 3 )

0 . 0 7 0  ( 2 )

o . 2 5 7  ( 3 )
- 0 . 1 1 8  ( L )

o . o T 5  ( l + )

o . o T 2 , ( 5 )

o . l + 3 5  ( 2 )

o , 5 3 7  ( 3 )

0 . 2 5 0  (  3  )

o , l + 3 8  ( I +  )

O . l + 5 1 +  ( l + )

o . ? 2 ( T )

0 . 5 8 ( 5 )

0 . 7 1 ( 5 )

o . 3 l + ( 8 )

o . 2 0 ( 9 )

r . 0 3 ( 9 )

r . 0 5 (  1 o )

o . 2 1  (  1 0  )

o . r 5 ( 8 )

2 . 3  ( z \

1 . 0 2 ( 1 1 )

o . ! 5 (  1 o )

o . 9 5 (  1 o )

o . 1 7 (  1 0 )

o . L 8 ( 9 )

o . ? 6 ( 1 0 )

o . 1 ) + ( 9 )

0 . 1 \ ( 9 )

o . i 3 ( 8 )

1 . 3 7 ( 1 0 )

o . l + 9  (  1 2  )

0 . 1 ? ( 9 )

1 . 0 3 ( 1 1 )

0 . 5 ? ( 8 )

o . l + 9 ( 9 )

o . r 9 ( 9 )

o . 1 9 ( 9 )

0 . 3 5  (  1 o  )

0 . 0 5 5  ( 2 )  0 . 1 3 ( 9 )
- 0 . 1 r 5  ( l + )  1 , 5 9 ( 1 2 )

o . 2 6 2  ( 5 )  0 . 1 ) + ( 8 )
- o . 9 2 !  ( l + )  1 . 3 5 ( 1 o )
- o , 9 2 5  ( 5 )  o .  1  l +  (  1 0  )

* Al! atoms are lying on the general position; the standard deuia'

lions are in parentheses.
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structure, are small shifts of the .x coordinates of the
corresponding atoms in the three adjacent subcells.

The attempt to derive a structure with the space
group P2r22, resulted in a model yielding an R value
of about 16 percent. The model contains 4g atoms in
the asymmetric unit. The temperature factors are
relatively high on the average, and in some cases un_
reasonably high. This result suggests that the space
group of scholzite is pbc2,.
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