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Introduction 
•-Ca3(PO4)2, which is identical  wi th  the  mineral  whit-  
lockite, when hea ted  above 1180 ° C. undergoes a poly- 
morphtc transi t ion to the a-form and can retain this 
s tructure at  room tempera ture  if quenched.  A sample 
of this a-form was prepared by the  Building Research 
Stat ion by sintering CaHPO 4 . 2 H20 ~- ½Ca(OH)2, together  
wi th  4?/o of cristobalite to promote  crystallization, at  
about  1500 ° C. 

Macroscopic  properties 
On optical examinat ion  the  specimen was found to con- 
sist of a mass of fused globules, 0-05--0-1 ram. in dia- 
meter ,  wi th  grain boundaries still visible. Between crossed 
~Ticols there was a difference of the order of 5 ° between 
the  ext inct ion directions of adjoining grains; X-ray  
photographs confirmed this texture.  Crystals were bi- 
axial with  n ~  1.585 and small double refraction. No 
signs of cleavage were apparent  on crushing or cut t ing 
the  crystals. The densi ty  was measured as 2.814±0.01 
g.cm. -a, but  m a y  be low because of porosity. X-ray  
powder photographs (see Table 1) confirmed published 
da ta  (Bale, Bonner,  Hedge,  Adler, Wrea th  & Bell, 1945). 
A f ragment  which was nearly a single crystal was used 
for oscillation and Weissenberg photographs.  

U n i t  ce l l  

The uni t  cell is monoclinic wi th  

a =- 12.86±0.02, b ---- 9.11-F0.01, c ---- 15.23±0.02 /l~; 
fl ---- 125 ° 20'± 12', 

giving Zcalc. = 7-84. This 2 % depar ture  from the ex- 
pected value of 8 is probably due to the texture  of the  
specimen, hOl reflexions are present  only when h is even, 
and  0k0 reflexions only when k is even. The absences 
are thus characteristic for the space group P21/a, which 
is centrosymmetrical .  The crystal latt ice has the proper ty  
t ha t  the plane 103 is almost  perpendicular  to the c axis. 
Considerable pseudo-symmetry  is visible in the hkO class 
of reflexions, reflexions wi th  3h+2k = 12n being very 
strong. The hkO layer shows marked  pseudo-hexagonal  
symmet ry  and the corresponding Pat terson project ion 
consists almost  entirely of a hexagonal  array of equal, 
large peaks. The ratio dl00:b is 1.137, which is near  to 
2/V3 (=  1.154). Only the  projection, and  not  the  whole 
structure,  is pseudo-hexagonal.  

Discuss ion  of Patterson projections 
In  the zones h01 and 0kl the  re flexions 400, 800, 008, 408, 
201, 014, 031 and 205 are exceptionally strong. These 
reflexions dominate  the Pat terson projections and  enable 
the  main  features of the  three-dimensional  Pat terson 
funct ion to be deduced from them with  reasonable 
probability.  The three projections are shown in Fig. 1. 
The Pat terson densi ty  distr ibution could be explained 

in terms of the packing of all the Ca and  P atoms on 
to 12 columns parallel to the  c axis. To satisfy the eentres 
of symmet ry  and  the  glide planes, the three  independent  
columns mus t  have the (x, y) parameters  (9, ¼), (~, ~ )  
and  (}, ~ ) .  The projections combine to show tha t  all 
impor tan t  interatonfic vectors have c components  which 
are multiples of ¼c (=  3-81 /~). This imples tha t  there  

c si.p 

Fig.1. The three principal Patterson projections of a-Caa(PO4) 2. 
The hkO projec0ion is sharpened and in the hO1 and 0bl 
projections contours round the origin are at twice the usual 
interval. 

are only 48 possible sites in which to place 24 Ca and 
16 P atoms. Almost  any  packing of these a toms into the  
48 sites will give Pat terson projections and  calculated 
intensities close to those observed. The packing restric- 
tions due to the  size and  shape of the PO 4 groups, which 
may  be presumed to exist, l imit the possibilities, but  
three-dimensional  work will be required to make  a definite 
decision on the part icular  distr ibution actually present.  

Relationship to other R3(XO4)2 c o m p o u n d s  
Such a complete analysis was beyond the scope of the 
present  invest igat ion which had  as its aim the  examina- 
t ion of a-Ca3(P04) 2 to see whether  any  explanat ion would 
emerge of the  apparent ly  anomalous structure of fl- 
Ca3(P04)2, where the  cell contents  (Zobs. ~- 7) and space 



744 S H O R T  C O M M U N I C A T I O N S  

10 

VW 

8 

W 

do (h) 
12.8 

9.84* 
7.18 
6.14 
5.76 

Tab l e  1. Powder photograph of ~-Caa(PO4) ~ 

Gu Kc~ radia t ion;  6 cm. d iameter  camera  

Principal  planes contr ibut ing  
^ 

hkZ d~ (h) 
001 12.3 

011 6.7 
20i ,  002 6.22, 6.19 
11~ 5.84 

Da ta  given by  
Bale et al. (1945) 

^ 

~I/I~ d (A)" 

m 5-13 211, 200 5.14, 5.17 
v s  3.88 201,204 4.03, 3"80 
s 3.65 022 3.67 
w 3 . 3 1  - -  

w 3.17 ~ 

- -  m 

0.60 3.92 
0-19 3-70 

vs 2.90 014, 031 2.93, 2.95 
s 2-59 400, 230 2.59, 2.62 
w 2.45 - -  - -  
w 2 . 3 6  - -  - -  

w 2.22 ~ 

1.00 2-90 
0.67 2.61 

s 2.150 407, 204, 025 2.147, 
w 2.061 M 
w 2.014 - -  - -  
s 1.926 408 1.897 
w 1.915 - -  - -  

2.165, 2.181 0.19 2.16 

0.19 1-93 

w 1 . 8 4 2  : -  M 

m 1 . 8 0 3  2 0 8  1 . 7 9 7  

w 1 . 7 4 6  - -  - -  

w 1 " 6 9 1  - -  - -  

w 1 . 6 5 6  - -  

b 

m m 

m, d 
W 

W 

1-598 . . . .  
1.538 060, 630 1.519, 1.502 0-12 1.55 
1.505 . . . .  
1.476 . . . .  

* Not  found  on single-crystal pho tographs ;  p robably  due to collimator or binder.  

g r o u p  (R3c) do  n o t  s e e m  reconc i lab le  (F ronde l ,  1941, 
1943; M a c k a y ,  1952). 

Ce r t a in  r e s e m b l a n c e s  ex i s t  b e t w e e n  t h e  p o l y m o r p h s .  
T h e  f l - form is t r i g o n a l  w i t h  a ---- 10.32 / l  (c ---- 37-0 / l )  
c o m p a r e d  w i t h  dl00 in  t h e  c~-form w h i c h  is 10.36 •. B o t h  
f o r m s  s e e m  to  be  bu i l t  of c o l u m n s ,  pa ra l l e l  t o  t he i r  
c axes ,  s p a c e d  3.0 / l  a p a r t  (d i s to r t i on  of  t h e  c o l u m n s  
occurs  in  t h e  fl-form). T h e  s p a c i n g  of a t o m s  a l o n g  t h e s e  
c o l u m n s  is r e g u l a r  in  b o t h  fo rms ,  be ing  3.81 A_ in  t h e  ~- 
a n d  3-70 / l  in  t h e  f l -form. On  t h e  o t h e r  h a n d  t h e r e  are  
cons ide rab l e  d i f fe rences .  T h e  d e n s i t y  dec reases  f r o m  3.12 
to  2.81 g . em.  -s  ( m e a s u r e d  a t  r o o m  t e m p e r a t u r e )  a t  t h e  
t r a n s f o r m a t i o n ,  be ing  a c h a n g e  of 1 1 % ;  on  h e a t i n g  
t h r o u g h  th i s  t r a n s i t i o n  p o i n t  c rys t a l s  a re  s h a t t e r e d  a n d  

do not transform in any definite orientation. The space 
g r o u p  P21/a is n o t  a s u b g r o u p  of R3c, n o r  v ice  ve r sa .  

T h e  s t r u c t u r e s  of c o m p o u n d s  w i t h  t h e  f o r m u l a  
Ra(XO4) z so fa r  e x a m i n e d  a re :  Sra(PO4) z a n d  Baa(PO4) ~ 
(Zachar iasen ,  1948) a n d  K 3 M n 0 4 C r 0 4  (S tan ley ,  1952), 
Which a re  all i s o s t r u c t u r a l ;  fl-Ca3(PO4) z (Mackay ,  1952), 
w h i c h  is r e l a t e d  to  t h e m ;  K~Pb(S04)2 (Bel lanca ,  1946), 
w h i c h  ha s  t h e  s a m e  size of cell as Baa(POa) 2 b u t  is n o t  

i s o s t r u c t u r a l ;  a n d  Pba(PO4)2 ( R o o k s b y ,  1 9 3 9 ; " F e r r a r i ,  
1940) w h i c h  ha s  a de f ec t  a p a t i t e  s t r u c t u r e ,  a-Ca3(PO4)2 
t h u s  a p p e a r s  to  be  a t y p e  of s t r u c t u r e  n o t  y e t  e n c o u n t e r e d .  

T h a n k s  are  d u e  to  P ro f .  J .  D.  B e r n a l  for  p r o v i d i n g  
l a b o r a t o r y  faci l i t ies  a n d  to  Mr  R . W .  N u r s e  of  t h e  
B u i l d i n g  R e s e a r c h  S t a t i o n  for  a r r a n g i n g  t h e  p r e p a r a t i o n .  
T h e  w o r k  f o r m s  p a r t  of a P h . D .  Thes i s  a p p r o v e d  b y  
L o n d o n  U n i v e r s i t y .  
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