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Abstract

The formula of Ca3Al2P2Si2O15 is conflrmed by electron microprobe anlaysis and
synthesis. Electron diffraction discloses that the crystals are monoclinic, Pa or P2la.
Powder X-ray data (80 reflections, 53 indexed) are presented. The refined cell dimensions
are a : 24.212 x.0.0034, b = 5.110 t 0.0034, c = 10.698 * 0.003A; B : 107.30 -+ 0.03..

During the course of studies of the reaction
products obtained by heating mixtures consisting
mainly of apatite, Na2CO3 and SiO2, (Gpnawardane
and Glasser, 1979) we noted the possibility that
feldspar might be present as an impurity and made a
literature survey of compound formation in several
relevant systems including CaO-Al2O3-P2OrSiO2.
Simpson (1979) recently described the synthesis of
a quaternary phase, CagAlzPzSizOl5, in this system
and presented data for its charaeteization. We
confirm the existence of a phase at this composition
but disagree with some of his data and its interpreta-
tion.

Experiments were made using basically the same
methods and techniques as described by Simpson.
Starting materials included chemically-pure grades
of CaCO3, Al2O3, CaHPOa and finely-divided
quartz containing 0.08% material which is not vola-
tile with HF. It was convenient to prepare anor-
thite, CAS2, and C2Pr by firing weighed batches in
Pt crucibles in air at -1300'C and 900"C respective-
ly. The firings were repeated until a homogeneous
product was obtained, as judged by optical micros-
copy and X-ray powder diffraction. C3APS2 was
readily made by direct reaction of CAS2 and C2P in
equimolar quantities (-52 wt.Vo CAS2). Prepara-
tions were also made containing 40 and 60 wt.Vo
cAs2.

The products obtained by heating were examined
by using a petrographic microscope; X-ray powder
diffraction with a Hiigg-Guinier focussing camera;
coRA, an electron rqicroscope equipped for chemi-
cal analysis in the transmission mode with an ener-
gy dispersive attachment; and by electron diffrac-

I Shorthand nomenclature: C = CaO, A : AlzOr, S = SiOz
and P = PzOs.
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tion using an AEI instrument equipped with a
double-tilt stage developed by Gard (1976).

Preparations at the CaAPS2 ratio appeared micro-
scopically homogeneous at subsolidus tempera-
tures. At 1325"C, the product consisted of small,
anhedral to platy crystals of low birefringence,
wavy or undulose extinction and a mean refractive
index close to 1.57. Traces of glass were also found.
At 1355'C, incongruent melting had occurred and
the product consisted of CrP and glass. Prepara-
tions containing 40 and 60 wt.% CAS2 contained
notably less CrAPS2, &rd at 1260"C consistently
contained CaAPS2 and glass together with an excess
of either C3P or CAS2, respectively. The crystals
obtained from the C3APS2 batch were too small for
single-crystal X-ray difraction, and were analyzed
by electron optical methods. Table I shows the
analyses obtained from 20 crystals in the C3APS2
batch. The analytical results corroborate the formu-
la for this phase proposed by Simpson. The glass
produced by partial incongruent melting of the
CaAPS2 composition had the approximate ratio
(based on 10 analyses) C1.soA1.33P6.gzSz.tt, and is
thus enriched in Al2O3 and SiO2 components as
would be expected because incongruent melting to
yield C3P had occurred.

Electron diffraction measurements were made
using Al as an internal standard. Projections of the
reciprocal lattice were constructed from zones re-
corded while tilting crystals about various rows of
spots, particularly those spaced at (11.58A)-r and
(5.12,4)-1. Figure I shows four examples of these
zones. Rotation around the (5.124)-r axis gave
zones with spots on orthogonal meshes, including
the zones shown in Figs. 1(c) and (d). The sharp
spots on all the zones recorded could be indexed on
a primitive monoclinic pseudo-cell with c : 12.14,
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(c) (d)

Fig. l. Electron diffraction patterns of Ca3Al2P2Si2O15, with the following zone axes parallel to the electron beam: (a) t0101, (b)

t0lll, (c) t00U, (d) [100]. Note the elongated odd-ft spots in (b) and (c). The rings are from Al (4t: 23384, dom = 2.0254).

b: 5.12, c :  10.72A, F: 107.3",  with no ext inc-
tions. From the [010] orientation giving the distort-
ed hexagonal zone shown in Figure 1(a), however,
tilting about the a*-axis gives zones (e.g., Figs. 1(b)
and (c)) in which elongated weaker spots interspace
the sharp spots in all rows parallel to a* (odd ft00
spots are extinctions, but these spots are present
due to multiple diffraction). This shows that the true

unit cell is also primitive- monoclinic, with a :

24.28, b : 5.12, c : 10.724, F : 107.3',with some
stacking disorder. Absence of the weak spots with It
odd from the hOl zone (Fig. 1(a)) indicates an a-glide
normal to b, corresponding to possible space groups
Pa (No. 7) or P2la (No. 13).

The indexing of the powder pattern was initiated
with the approximate pseudocell dimensions ob-
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Table l. Transmission electron microscope analyses of C3ApS,
crystals

Table 2. Powder X-ray data for Ca3Al2P2Si2O15t
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tained from electron diffraction and a powder pat-
tern whose d spacings were read with an optical
microdensitometer and corrected relative to a Si
internal standard (a : 3.135541. a few closely-
spaced pairs of reflections were resolved with the
aid of a travelling vernier microscope. As the index-
ing was extended to include progressively more
reflections and the cell parameters refined by
successive least-squares cycles, it became apparent
that even the purest preparation contained a small
amount of an unidentified phase. powder reflec-
tions from this phase were excluded from the refine-
ment. The reflections thus excluded, relative to the
strongest reflection of C3APS2 at 2.834 correspond-
ing to 100, had intensity = 7: hence we are unable to
rank them accurately in order of intensity, but
reflections thus excluded were consistently ob-
served a t  d :8 .10 ,6 .47 ,3 .45  and 2 .74(A) .  These
reflections do not match the patterns of the starting
materials (CAS2, CzP) or of likely impurities, e.g.,
C3P. The indexed pattern, containing only reflec-
tions due to C3APS2, is shown in Table 2.

The density of the purest C3ApSz preparation,
determined using an air-comparison pycnometer,
was 2.795'+0.003 g cm-3. The volume of the unit
cell, determined using the refined pseudocell pa-
rameters, is 631.4643. Assuming thai the empiriial
formula C3APS2 is correct, the number of formula
units per cell, Z,: 1.998 (or 2).

The occurrence, composition, optical properties
and melting point determined in the course of the
present study are in reasonable agreement with
those reported by Simpson. Thus it would appear
that the same phase has been obtained in both
studies. The agreement between the two sets of
powder data is less satisfactory. For example, not
only do the two sets of d spacings differ by a
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R e f i n e d  p s e u d o  c e l l  d i m e n s i o n s  ( w i t h  e . s , d ' s )  a r e :  a  =  2 4 . 2 1 2  !  0 . 0 0 8 ,
, =  5 . 1 1 0  t 0 . 0 0 3 ,  c =  1 0 . 6 9 8  1 0 . 0 0 3  ( A ) ,  B =  

' t 0 7 . 3 0 0  
t 0 . 0 3 0 .

*  Denote  pa i rs  o f  re f lec t ions  reso lved us ing  a  t rave l l inE vern ie r
mr  c roscope.

tFour  re f lec t ions ,  wh ich  arebe l jeved to  be  due to  an  impur j ty ,  were  a lso
observed:  the i r  d  spac ings  and in tens i t ies ,  re la t i ve  to  the  s t ronges t
re f lec t ion  o f  C1APS,  a t  d  =  2 .8344 i  a re

0
r l  (A)  I

8 . 0 9 8  4
6 . 4 7 3  6
3 . 4 4 9  7
2 . 7 4 0  4

+Th is  re f lec t i cn  nay  conta in  a  cont r ibu t ion  f ron  a  t r i ca lc ium phos-p h a t e  s o l i d  s o l u t i o n .

variable and often significant extent, but Simpson
also finds reflections occurring at d values which
are absent from our pattern, e.g., at7 .74 and 6.2J.4.
It would appear that the triclinic cell was generated
using a trial-and-error method, unassisted by single
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crystal measurements or even optical measure-
ments indicative of crystal symmetry. The indexing
on the basis of a large triclinic cell is therefore
highly suspect as it appears (1) that not all the
reflections included in the refinement belong to
CaAPS2, and (2) that some reflections belonging to
C3APS2 went unobserved and were not included.

It is not practicable to guess the structure type
from the knowledge of the cell dimensions. The
layer structure postulated by Simpson may or may
not be correct, but in our experience cell dimen-
sions alone are inadequate to admit sufficient de-
duction of even the general features of the struc-
tures of the chemically complex, low-symmetry
phases.
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