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I n t r o d u c t i o n  

I n  t h e  course  of an  inves t iga t ion  of f, he  m a g n e t i c  p roper -  
t ies of a n h y d r o u s  coba l tous  sulfate ,  H o c a r t  & Serres 
(1931) f o u n d  t h a t  CoSOa, wh ich  has  been  f o r m e d  b y  the  
d e h y d r a t i o n  of CoSOa.7 H20  a t  400 °C., possessed a 
m a g n e t i c  m o m e n t  of 25 m a g n e t o n s / m o l e c u l e ,  whi le  t he  
s a m e  subs tance ,  d e h y d r a t e d  a t  700 °C., possessed a 
m a g n e t i c  m o m e n t  of 26 m a g n e t o n s / m o l e c u l e .  T h e y  de te r -  
m i n e d  t h e  u n i t  cell of t h e  f o r m  wh ich  h a d  been  de- 
h y d r a t e d  a t  700 °C., a n d  conc luded  t h a t  i t  was  or tho-  
r h o m b i c  w i t h  

a 0 =4 .66 ,  b 0 =6-72,  c o = 8 . 4 7 / ~  . 

T h e y  f u r t h e r  c la imed,  w i t h o u t  g iving the  p o w d e r  p a t t e r n  
of t h e  f o r m  d e h y d r a t e d  a t  400 °C., t h a t  its p a t t e r n  dif- 
fe red  on ly  w i t h  r ega rd  to  p e a k  in tens i ty .  

R e c e n t l y  D i m a r a s  (1957) succeeded  in g rowing  single 
c rys ta l s  of a n h y d r o u s  n icke lous  su l fa te  wh ich  possessed 
a suf f ic ient  size to  enable  h i m  to  d e t e r m i n e  the  un i t  cell 
a n d  space  group.  T h e  p r e s e n t  inves t iga t ion  was  unde r -  
t a k e n  in the  e x p e c t a t i o n  t h a t  one  of t h e  fo rms  of COSO4 
would  be i sos t ruc tu ra l  w i t h  NiSOa, a n d  t h a t  an  un-  
a m b i g u o u s  a s s i g n m e n t  of t he  p o w d e r  p a t t e r n  of t h a t  fo rm 
of CoSO 4 could  be m a d e  in ana logy  to t he  k n o w n  p a t t e r n  
of NiS04.  

E x p e r i m e n t a l  

B a k e r  a n a l y z e d  r e a g e n t  g r ade  CoSO 4. 7 H 2 0  was  used.  
T h e  m a i n  impur i t i e s  were  0.11% alkal ies  a n d  ear ths ,  
0-001% copper ,  0.0002% iron a n d  0.13% nickel .  

A we ighed  q u a n t i t y  of CoSO a. 7 t t 2 0  was  h e a t e d  to  
300 °C. for  a pe r iod  of two  hr .  T h e  w e i g h t  loss ag reed  
wi th  t h e  e x p e c t e d  value .  T h e r e  was  no  f u r t h e r  we igh t  
loss on  h e a t i n g  to  700 °C. 

T h e  X - r a y  p o w d e r  d i f f rac t ion  p a t t e r n s  of t he  CoSO a 
p r e p a r e d  a t  300 °C., a n d  a t  700 °C., g r o u n d  in to  a pas te  
w i t h  p e t r o l e u m  jelly,  were  o b t a i n e d  a t  25 °C. in a Nore lco  
high angle  r eco rd ing  d i f f r a c t o m e t e r ,  us ing Fe  K a  radia-  
t ion  (;t = 1.9373 A) a n d  a Mn fil ter.  T h e  scann ing  speed 
was s ~° (20) pe r  rain.  P r e - c a l i b r a t e d  h i g h - p u r i t y  sod ium 
chlor ide  was used  as an in t e rna l  s t a n d a r d .  

R e s u l t s  

T h e  d i f f r ac t ion  p a t t e r n s  for  t he  two  fo rms  were  com- 
p l e t e ly  d i f fe ren t .  This  shows t h a t  t he  h igh  a n d  low phases  
are  d i s t inc t  p o l y m o r p h i s  forms.  

(a) All t he  obse rved  d i f f rac t ion  peaks  of t he  low- 
t e m p e r a t u r e  mod i f i c a t i on  could  be sa t i s fac to r i ly  ass igned 
as be ing  due  to  an  o r t h o r h o m b i c  la t t ice  wi th  the  fol lowing 
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uni t -ce l l  d imens ions ,  as ob t a ined  by  a leas t - squares  
t r e a t m e n t  : 

a 0 =5.191 +0.002,  b 0 =7 .864  _+0.002, 
c o = 6.516 + 0.002 A . 

The  select ion rules  a p p e a r  to  be:  

001: n o n e  p r e s e n t  ; 
hO1 : h even,  1 even  ; 
hkl : h + k even.  

F r o m  this  i t  follows t h a t  t h e  possible space  g roups  a re :  
12 C2v-Cmc2 I, C~-C2cm a n d  D ~ - C m c m .  T h e  low-CoSO 4 pa t -  

t e r n  is v e r y  s imi lar  to  t h a t  of NiSO a. I ) i m a r a s  (1957) 
conc luded  t h a t  Cmcm is t h e  m o s t  p robab l e  space  g roup  
for  NiSO 4, a l t h o u g h  the  o t h e r  two  space  g roups  a re  not  
de f in i t e ly  ru l ed  out .  Consequen t ly ,  we can  c o m e  to  t he  
s ame  t e n t a t i v e  conclus ion  in t he  p r e s e n t  case. 

Tab le  1. Powder pattern of low-CoSO a 

do dc hkl 
4-333 ~ 4-332 A 110 
3.931 3.932 020 
3.607 3"608 111 
3-367 3"367 021 
2.601 2.604,2.595 112,200 
2.509 2-509 022 
2.340 2.340 130 
2.201 2.202 131 
2.053 2"055 221 
2.031 2-030 202 
1.967 1"966 040 
1.902 1-901,1.901 023,132 
1.804 1.804 222 
1.691 1-690 310 
1.684 1-683 042 
1.637 1.636 311 
1.592 1-592 133 
1.567 1-567 240 
1 -524  1.524,1-525 241,114 
1.506 1.505,1-505 150,024 
1.501 1.500 312 
1.443 1-444 330 
1 -412  1.410,1-412 331,242 
[.381 1-380 204 
1-367 1.367 152 
1-337 1.337 134 
1.311 1-311 060 
1-2978 1.2976 400 
1.2369 1.2372, 1.237I 153,025 
1.1529 1.1526 422 
1-1513 1.1516 261 
]-0809 1.0806 334 
1-0720 1.0718 423 
1.0541 1.0535 I16 
1.0408 1.0406 172 
1.0280 1.0277 442 
1.0169 1.0166 511 
].0152 1.0150 404 
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T a b l e  2. Powder pattern of high.CoSO~ 

do de hkl 1 O0 1/10 
4.301 A 4.301 A 020 28 

-4.147 4-149 l l 0  81 
3.620 3.619 021 43 
3.528 3.528 I I I  83 
2.643 2-643 022 65 
2.606 2.606 l l 2  50 
2-453 2.453 130 100 
2-369 2.369 200 21 
2-309 2.303, 2.308 131,122 15 
2.283 2.284 210 14 
2-075 2.075 220 7 
2-049 2.048 041 5 
2.021 2.020 103 6 
1.979 1.982, 1-979, 1.982 221 ,132 ,023  16 
1.966 1-966 113 6 
1-935 1.934 202 2 
1-885 1.887 212 '2 
1-828 1-828 123 3 
1.810 1.810 042 12 
1-764 1.764, 1.762 -,~,99~ 231 26 
1-675 1.675 004 [3 
1-651 1-651 133 1 
1-618 1.617 150 4 
1.604 1"603 232 2 
1'593 1.592 240 II 
I '573 1.572 151 5 
1"553 1-553, 1.553 114,310 17 
1-550 1-549, 1-549 241,043 8 
1-536 1-537 301 3 
1-520 1-520 223 l 
1"513 1-513 311 4 
1.472 1.472 143 4 
1-457 1.456 152 19 
1-438 1"438 242 10 
1.435 1"434 060 l0 
1-409 1.409 312 8 
1-393 1.392 250 2 
1-383 1.383, 1"383 330,134 12 
1-372 1"372 160 3 
1-3677 1.3674 204 6 
1-2751 1.2750, 1.2749 313,115 7 
1-2730 1.2728, 1"2727 340,144 4 
1"2505 1"2504 341 3 
1"2267 1.2265 260 8 
1-2064 1.2064, 1.2064 261,063 4 
1-1901 1.1898, 1.1895 342,170 3 
1.1846 1.1843 400 3 
1-1732 1.I732 410 1 
1"1712 1.1712 171 i 
1-1692 1.1691 163 3 
1-1554 1.1556, 1.1555 411,215 2 
1.1534 1.1539 244 3 
1-1458 1-1462 351 2 
1-1387 1"1387 314 3 
1-1212 1.1209 172 2 
1.0996 1.0989 352 5 
1'0909 1'0908 270 2 
1.0893 1.0891 064 3 
1.0807 1.0803, 1"0803 431,235 6 
1"0788 1.0781 116 8 
1"0770 1"0766 271 4 
1-0668 1-0664 334 4 
1-0506 1-0502 173 4 
1-0322 1"0316, 1"0317 155,353 3 
1"0253 1"0251, 1"0252 245,441 4 
1"0246 1"0238 082 6 

T h e  a b o v e  Lmit-cell  d i m e n s i o n s  m a y  be  c o m p a r e d  w i t h  
t h o s e  of  N i S O  t ( D i m a r a s ,  1957), n a m e l y  5.155,  7-842 a n d  
6.338 A, r e s p e c t i v e l y ,  o r  of  F e S O ,  (P i s to r iu s ,  1959). 
n a m e l y  5.261,  8-013 a n d  6.454 .t,, r e s p e c t i v e l y .  

T h e  a x i a l  r a t i o s  a r e :  

a0 : b0 : Co = 0.6603 : 1 : 0 .8287 . 

T h e  c a l c u l a t e d  d e n s i t y  of  l o w - C o S O  4 a t  25 °C., a s s u m i n g  
4 m o l e c u l e s  p e r  u n i t  cell, is 3"870 g . cm.  -3. T h e  p y e n o m -  
e t r ic  d e n s i t y  is 3.791 g . cm.  -3 (B i rk  & Bi l t z ,  1926).  

T h e  o b s e r v e d  a n d  c a l c u l a t e d  d - spac ings ,  a s s i g n e d  
ind ices  a n d  o b s e r v e d  r e l a t i v e  i n t e n s i t i e s  fo r  ] o w - C o S O  a 
a re  l i s t ed  in T a b l e  1. 

(b) T h e  d i f f r a c t i o n  p a t t e r n  of  t h e  h i g h - t e m p e r a t u r e  
p o l y m o r p h  of  CoSO 4 c o u l d  b e  e x p l a i n e d  on t h e  b a s i s  of  
t h e  ear l i e r  ~mit-cel l  d i m e n s i o n s  ( H o c a r t  & Ser res ,  1931).  
H o w e v e r ,  i t  w a s  n e c e s s a r y  to  c a r r y  o u t  a l e a s t - s q u a r e s  
t r e a t m e n t ,  s ince  t h e  ea r l i e r  m e a s u r e m e n t s  w e r e  n o t  
s u f f i c i e n t l y  a c c u r a t e .  T h e  p r e s e n t  u n i t - c e l l  c o n s t a n t s  fo r  
h i g h - C o S O  4, o r i e n t e d  so a~ t o  s h o w  t h e  r e l a t i on  t o  low-  
CoSOa, a r e  : 

a 0 = 4 .738 + 0.002,  b 0 = 8.603 _+ 0.002,  c o = 6.699 _+ 0 .002 .4. 

T h e  se l ec t ion  ru les  a p p e a r  to  be :  

hkO: all a l l o w e d  ; 
hOl : h + l even ; 
Okl : k = 2 n ;  
h,kl: all a l l owed .  

F r o m  th i s  i t  fo l lows  t h a t  t h e  p o s s i b l e  s p a c e  g r o u p s  a r e  
D ~ - P b n m  a n d  C~r--Pbn2. T h e  h igh-CoSOa  p a t t e r n  is 
v e r y  s im i l a r  t o  t h o s e  of  ZnSO4 a n d  C u S O  4. K o k k o r o s  & 
R e n t z e p e r i s  (1958) c o n c l u d e d  t h a t  Z n S O  a a n d  CuSO4 a r e  
i s o m o r p h o u s ,  a n d  p r o b a b l y  b e l o n g  to  t h e  s p a c e  g r o u p  
D ~ - P b n m .  Thi s  c o n c l u s i o n  w a s  b a s e d  o n  t h e  h o l o h e d r a l  
a p p e a r a n c e  of  t h e i r  s ingle  c r y s t a l s ,  a n d  on  t h e  f a c t  t h a t  
t h e y  s u c c e e d e d  in w o r k i n g  o u t  a s a t i s f a c t o r y  s t r u c t u r e  
b a s e d  on  th i s  s p a c e  g r o u p .  C o n s e q u e n t l y ,  w e  m a y  con-  
c l u d e  t h a t  a l t h o u g h  P b n m  is t h e  m o s t  p r o b a b l e  s p a c e  
g r o u p  for  h i g h - C o S O  4, t h e  s p a c e  g r o u p  Pbn2 is n o t  def -  
i n i t e l y  e x c l u d e d .  

T h e  ax i a l  r a t i o s  a r e :  

ao:bo:co = 0 . 5 5 0 8 : 1 : 0 . 7 7 8 7  . 

T h e  c a l c u l a t e d  d e n s i t y  of  h i g h - C o S O  4 a t  25 °C., a s s u m -  
ing 4 m o l e c u l e s  p e r  u n i t  cell, is 3-770 g . cm.  -z, r e p r e s e n t -  
ing  a n  i n c r e a s e  in v o l u m e  of  2 . 5 8 %  o v e r  t h a t  of  low-  
CoSO4. 

T h e  p o w d e r  d a t a  fo r  h igh -CoSOa  a re  l i s t ed  in T a b l e  2. 
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