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The Crystal Structure of Anhydrite (CaSO4) 

BY G. C. H. C~WNG* A~D J.  ZUSSMA~ t 

Department of Geology, Manchester University, England 

(Received 3 September 1962) 

The structure of anhydrite (CaSO4) was determined by Wasastjerna in 1925 and a somewhat different 
solution for its structure was described by Dickson and Binks in 1926. Redetermination of the 
structure using Fourier and least-squares refinements of one projection yields a result very similar 
to that  favoured by Wasastjerna. The alternative structure gives markedly poorer agreement 
between observed and calculated intensities. 

Detai ls  of the  s t ruc ture  of anhydr i te  were f irs t  
inves t igated  by  Wasas t j e rna  (1925) using powder 
photograph  and  spectrometer  methods.  Eighty-f ive  
different  types  of s t ruc ture  were considered and  it  
was shown t h a t  only two s t ructures  (in the present  
work denoted as A and B) were possibly correct. 
These two s t ructures  are closely related to one another  
bu t  differ by  the  t rans la t ion  of a tom groups in the 
direction of one cell axis by  0.05 of the axial  repeat  
(6.24 ~) .  Wasas t je rna  chose s t ruc ture  B as agreeing 
be t te r  wi th  the  observed X - r a y  da ta ,  bu t  noted t h a t  
be t te r  agreement  was obtained with  s t ruc ture  ampli- 
tudes  t h a n  wi th  their  squares. Another  de terminat ion  
of the  s t ruc ture  of anhydr i t e  was carried out in- 
dependent ly  by  Dickson & Bin_ks (1926), using a 
single crystal  and  an  ionization spectrometer .  Dickson 
& Binks compared observed and calculated intensities, 
and  their  solution was very  close to s t ruc ture  A and 
is here denoted as A' .  Both  determinat ions  used tr ial-  
and-error  methods  to place the  Ca and  S atoms,  
and  an  assumed size of SO4 group for placing the  
oxygen a toms at  the  corners of a regular  t e t r ahedron  
a round the  sulphur.  

The space group of anhydr i t e  was given by  the 
above and by  earlier workers as V~ 7" if this is t aken  in 
the  or ienta t ion Amma, the  cell pa ramete rs  more 
recent ly  determined by  Swanson et al. (1955) are 

Table 1. Atomic coordinates in anhydrite 
(A') according to Dickson & Binks (1926) 
(B) according to Wasast jerna (1925) 

(A') 

(B) 

x y z 

Ca 0.75 0 0.40 
S 0.25 0 0.10 
O 1 0-25 0.18 --0"05 
O 2 0.07 0 0.25 

Ca 0.75 0 0"35 
S 0-25 0 0.15 
O 1 0.25 0.19 --0.01 
O~ 0.06 0 0.31 

* Present address: 166 Chesterton Road,  Cambridge, Eng- 
land. 

t Present address: Depar tment  of Geology and Mineralogy, 
Universi ty of Oxford, England. 

a=6 .991 ,  b=6.996,  c=6 .238  A, and the  atomic co- 
ordinates  for the s t ructures  A '  and B are as set out  
in Table 1. 

I n  view of the  methods used in both s t ruc ture  
determinat ions,  the small  differences in x and  y 
coordinates are un impor tan t ,  but  the differences in 
z coordinates are substant ia l .  The two s t ructures  are 
i l lus t ra ted in Fig. 1. Wasas t je rna  reviewed the  two 
solutions in a la ter  paper  (1926) and  then  appeared  
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Fig. l(a). Structure of anhydri te  A', proposed by  Dickson & 
Binks (1926). This structure has been proved to be incor- 
rect. (b). Structure of anhydri te  B, proposed by  Wasas t jerna  
(1925). This structure has been proved to be essentially 
correct bu t  the linkage of S to 01 atoms is incorrect (see 
Fig. 2(a) and (b)). 
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less  c e r t a i n  t h a t  B w a s  c o r r e c t .  I n  g e n e r a l ,  a g r e e m e n t  
of c a l c u l a t e d  a n d  o b s e r v e d  i n t e n s i t i e s  fo r  t h e  t w o  
s t r u c t u r e s  a p p e a r e d  e q u a l l y  g o o d  (or b a d )  a n d  w a s  
w o r s e  fo r  i n t e r m e d i a t e  s t r u c t u r e s .  

T h e  p r e s e n t  a u t h o r s  d e c i d e d  t o  d e t e r m i n e  w h i c h  
of  t h e  t w o  s t r u c t u r e s  is c o r r e c t  u s i n g  m o d e r n  m e t h o d s  
of s t r u c t u r e  r e f i n e m e n t ,  a n d  t h i s  c a n  be  d o n e  u s i n g  

T a b l e  2. Atomic parameters in anhydrite 
(C) from x axis projection of correct structure, 

a f t e r  refinements (Cheng & Zussman, present text) 
(D) from three projections, after  refinements 

(H6hne, 1961, 1962) 

CO) 

(D) 

x y z 
Ca 0-75 0 0.346 
S 0.25 0 0"155 
01 0-25 0.171 0.015 
O 3 0"08* 0 0.298 

Ca 0.75 0 0.346 
S 0.25 0 0.154 
O 1 0-25 0-173 0-020 
02 0.08 0 0.296 

B (era. 2) 
0.7 
0"7 
0.9 
1.1 

* Calculated assuming equal S-O distances in SO4tetra_ 
hedron. 

k Z I-Fol 
0 2 105 

4 52 
6 176 
8 12 

10 40 
12 21 
14 26 
16 21 

1 1 0 - 15 
3 154 148 
5 21 - 24 
7 20 24 
9 0 3 

11 0 7 
13 0 4 
15 0 - 7 
17 7 9 

2 0 283 314 
2 229 - 2 2 6  
4 141 - 134 
6 112 106 
8 l l  - 17 

10 50 - 54 
12 13 15 
14 23 21 
16 22 - 2 0  

3 1 159 - 154 
3 0 9 
5 69 - 6 9  
7 7 -- 7 
9 17 -- 13 

11 0 --2 
13 0 - - 4  
15 0 -- 7 
17 6 9 

4 0 235 236 
2 136 -- 139 

Okl d a t a  a lone .  T h e s e  X - r a y  d a t a  w e r e  c o l l e c t e d  u s i n g  
W e i s s e n b e r g  p h o t o g r a p h s  f r o m  a s ing le  c r y s t a l  of  
a n h y d r i t e  ( f rom M a d a g a s c a r ) ,  a n d  M e  K ~  r a d i a t i o n :  
145 r e f l e x i o n s  c a m e  w i t h i n  t h e  l i m i t i n g  c i rc le ,  a n d  

of t h e s e  92 h a d  m e a s u r a b l e  i n t e n s i t y .  T w o  s e p a r a t e  
r e f i n e m e n t s  w e r e  c a r r i e d  o u t  (us ing  F o u r i e r  2'o a n d  
(Fo-Fc) s y n t h e s e s  a n d  a lso  t h e  m e t h o d  of  l e a s t  
squa re s ) ,  one  s t a r t i n g  a t  s t r u c t u r e  A '  a n d  t h e  o t h e r  
a t  B.  A f t e r  s e v e r a l  c y c l e s  of r e f i n e m e n t  t h e  s t r u c t u r e  B 
(w i th  i n i t i a l  R = 4 0 )  g a v e  t h e  c o o r d i n a t e s  s h o w n  in  
T a b l e  2(C), a n d  a n  R v a l u e  of 1 1 %  (R' ,  c a l c u l a t e d  
w i t h  o m i s s i o n  of t e r m s  w i t h  Fo=O, w a s  8%) .  V a l u e s  
fo r  t h e  t h e r m a l  v i b r a t i o n  p a r a m e t e r  B a r e  a lso  g i v e n  

fo r  e a c h  a t o m .  O b s e r v e d  a n d  c a l c u l a t e d  s t r u c t u r e  
a m p l i t u d e s  a r e  c o m p a r e d  i n  T a b l e  3. 

T h e  s t r u c t u r e  A '  g a v e  a n  i n i t i a l  R of 5 0 % .  U s i n g  

t h e  m e t h o d  of l e a s t  s q u a r e s ,  t h e  o x y g e n  p a r a m e t e r s  

r e f i n e d  s l o w l y  w i t h  s u c c e s s i v e  cyc l e s  t o w a r d s  t h o s e  
of s t r u c t u r e  B, b u t  t h e  p a r a m e t e r s  of Ca a n d  S a t o m s  
r e m a i n e d  v i r t u a l l y  u n c h a n g e d ,  a n d / ~  w o u l d  n o t  i m -  

p r o v e  b e y o n d  3 0 % .  U s i n g  @o a n d  (@o-@c) s y n t h e s e s ,  
h o w e v e r ,  t h e  s t r u c t u r e  A '  r e f i n e d  t o  g i v e  c o o r d i n a t e s  
s i m i l a r  t o  t h o s e  o b t a i n e d  b y  r e f i n e m e n t  of s t r u c t u r e  B.  

for (100) projection 

5 1 7 9 
3 75 64 
5 0 --11 
7 14 19 
9 0 4 

11 0 6 
13 0 --1 
15 0 --6 
17 0 5 

6 0 225 218 
2 38 --39 
4 42 --48 
6 101 109 
8 5 7 

10 32 -- 32 
12 15 18 
14 17 19 
16 14 -- 17 

7 1 0 --1 
3 34 34 
5 0 --11 
7 11 11 
9 0 4 

11 0 6 
13 0 1 
15 0 --4 

8 0 125 109 
2 74 -- 71 
4 71 -- 73 
6 57 61 

k 1 
8 

10 
12 
14 
16 

9 1 
3 
5 
7 
9 

11 
13 
15 

10 0 
2 
4 
6 
8 

10 
12 
14 

l l  1 
3 
5 
7 
9 

11 
13 

12 0 
2 
4 
6 
8 

10 
12 

13 1 

IFol Fc 
0 --10 

34 -- 34 
10 11 
13 14 
8 --13 

30 --31 
0 --2 

24 --28 
0 --9 
0 --7 
0 --2 
0 --3 
0 --4 

82 86 
42 -- 43 
47 -- 50 
94 49 

0 --6 
28 --28 

6 8 
8 10 

0 5 
19 23 
0 --1 
0 7 
0 3 
0 3 
0 0 

84 77 
10 --13 
19 --21 
45 46 

0 5 
17 --16 
10 10 

0 --3 

k l IFol Fc 
3 10 12 
5 0 --3 
7 0 3 
9 0 2 

11 0 3 

14 0 35 33 
2 23 --25 
4 27 --28 
6 21 21 
8 0 -- 3 

10 16 - - ]6  
12 5 6 

15 1 10 -- 11 
3 0 - - 2  
5 8 --9 
7 0 --4 
9 0 --4 

11 0 -- 1 

16 0 29 27 
2 12 -- 12 
4 17 -- 16 
6 16 17 
8 0 --2 

10 8 -- 12 

17 1 0 4 
3 7 7 
5 0 2 
7 0 3 

18 0 23 22 
2 0 -- 3 
4 6 -- 6 
6 15 15 

19 1 0 - - 1  
3 3 2 

T a b l e  3. Observed and calculated structure amplitudes 

Fc k l IFol ~"c 
- 69  4 123  - 108 
--52 6 91 97 
155 8 9 -- 14 

7 10 48 --50 
--43 12 10 13 

21 14 19 18 
23 16 20 -- 20 

--20 
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The different behaviour of least squares and Fourier 
methods may be related to the fact that  intermediate 
Ca and S positions give worse 'agreement' than either 
the A or B positions. 

The above refinements showed that  the correct 
approximate structure was undoubtedly B, that  
originally chosen by Wasastjerna (1925, 1926). 

0o. , 

(5 (5 
(a) (b) 

Fig. 2(a) and (b). Alternative configurations of SO 4 groups 
for structure B. 2(a): as in Wasastjerna's structure. 
2(b): correct configuration. 

In the course of this work it was realized that  the 
structure B, as given by Wasastjerna, itself possesses 
an ambiguity in the (100) projection, since the atoms 
O1 have z ___ 0. I t  is therefore not clear whether the 
allocation of oxygens to an SO4 tetrahedron is as 
shown in Fig. 2(a) or 2(b). Wasastjerna's structure 
has configuration 2(a), and this results in his obtaining 
an unusually large mean value for the tetrahedral 
edge (2.7 J~) and for the S-O distance (1.66 A). 
In the refined structure, however, the atoms O1 have 
moved further away from z--0 and only configuration 
2(b) results in reasonable O-O and S-O distances as 
compared with the O-0  tetrahedral edge which can 
be directly determined, and as compared with similar 
S-O distances in other sulphate structures. 

Although the work of Wasastjerna and of Dickson 
& Binks left some doubt as to which was the correct 
structure, latcr literaturc almost invariably assumes 
the latter to be correct, e.g. Strukturbericht, Vol. 1, 
p. 340, Wooster (1936), Bragg (1937); it now appears 
that  the wrong choice was made. (Wyekoff's 'Crystal 
Structures' (1948), gives the correct structure). A 
probable reason for this emerges when the packing 
of Ca and (SO4) 2- ions is considered, since for the 
wrong structure, as I)ickson & Binks explain 'the 
calcium atoms are surrounded as uniformly as possible 
by oxygen atoms . . . ' .  For the wrong structure (A') 
the calcium atom is surrounded by eight oxygens, 
four at a distance of 2.55 ~, two at 2.47 /~ and two 
at 2-43 ~ :  the smallest Ca-Ca distance is 3.68 J~. 

From our projection on (100), one S-O distance 
and one edge of the SO4 tetrahedron are directly 
measurable and these are 1.48 A and 2-39 ~ respec- 
tively; the smallest Ca-Ca distance is 3-99 _~. The 
projection leaves one parameter (x of 02) undefined. 
Assuming equal S-O dist£nces in the SO4 tetrahedron 
this parameter would be x=0.081, and using this 
value some approximate interatomic distances can be 
calculated. For structure B the Ca atom is surrounded 
by eight oxygens, two at 2.55, two at 2.51, two at 
2.46 and two at 2.32 A. Thus the correct structure 
has a less regular environment of oxygens around 
each calcium atom, but it has the advantage of a 
greater Ca-Ca separation. 

We intended, before publication of this work, to 
determine the one remaining unknown coordinate by 
means of a (010) projection. While preparing to do 
this, however, we have noticed that  Dr E. HShne 
has been working on the same problem at the Deutsche 
Akademie der Wissenschaften, Berlin. ttShne (1961, 
1962) reports that  he has found, as we have, that  the 
structure B is the correct one. The above two publica- 
tions are very brief but they state that  all three 
projections have been studied, and that  a fuller paper 
is to be published later. In view of this, and in ex- 
pectation of a full account by Dr HShne, no further 
work on an_hydrite is contemplated by us, and our 
work to date is reported here. 

For the purpose of comparison the atomic coor- 
dinates derived by Dr HShne are repeated here in 
Table 2(D). Agreement between the two sets of 
coordinates is very good except for atom O1. Over- 
lapping of 01 atoms near the line z - 0  makes the 
parameters determined from the (100) projection some- 
what less reliable. In a (010) projection these atoms 
are clearly resolved, so that  the values given in 
Table 2(D), derived from all three projections, will 
be more accurate. 
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