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The crystal structure of NiSO4 has been determined. The crystals are orthorhombic with a 0 = 5.155, 
b 0 ----- 7.842, c o ---- 6-338 A, Z ---- 4, space group Cmcm. The unknown parameters were determined 
by trial and error. The S atoms lie at the centre of an almost regular tetrahedron of O atoms. The 
l~i atoms lie at the centre of a distorted octahedron of O atoms. 

1. Introduction 

Among the compounds of the general formula  MR04 
there are some whose structure, notwi ths tanding their  
s imple composition, is still unknown. Such compounds 
are, for example,  the anhydrous  sulphates of the 
b ivalent  metals  copper, nickel, iron and  cobalt. 

The reason for our incomplete knowledge of the 
crystal lographic properties of these compounds is tha t  
t hey  either form unstable,  very  hygroscopic crystals 
which are difficult to handle  for X- ray  analysis,  or 
do not  form single crystals of sat isfactory dimensions, 
bu t  only a fine crystalline, powder. 

2. Exper imenta l  

I n  order to determine the structure of these com- 
pounds we have tried to prepare crystals suitable for 
X- ray  analysis.  Up  to now we have  succeeded, by  
slow evaporat ion of a nickel sulphate  hydra te  solution 
in sulphuric acid, in obtaining well formed crystals 
of anhydrous  nickel sulphate,  NiS04, sui table for 
crystal lographic measurements  and X- ray  analysis;  
the results are given in this paper. 

So far as we know from the accessible l i terature no 
crystal lographic and X-ray  da ta  are reported for 
anhydrous  nickel sulphate.  According to the litera- 

ture, good light-yellow crystals can be obtained either 
by  evaporat ion of a solution of nickel sulphate  hydra te  
in dense sulphuric acid (Etard, 1878), or by co-fusion 
of nickel sulphate  hydra te  or nickel oxide with am- 
mon ium sulphate  (Lepierre & Lachaud,  1892). Two 
crystal  forms are mentioned,  one octahedral  and one 
prismatic,  depending on the conditions of formation.  
For  these two forms no fur ther  crystal lographic or 
optical da ta  are known. 

The crystals we have prepared are of various dimen- 
sions up to 3 mm. in length. They are thick plates 
of rhombic  habit ,  with a set of narrow planes parallel  
to the edges of the rhomb.  

Under  the polarizing microscope the ext inct ion 
directions are found to coincide with the diagonals 
of the rhomb;  y is parallel  to the shorter and  0¢ to 
the longer diagonal. Goniometric measurements  show 
tha t  the crystals belong to the or thorhombic bi- 
py ramida l  class and are bounded by the  forms {001}, 
{110}, {111} and {112}, with {001} dominant .  Besides 
these p la ty  crystals we have also observed some which 
have a pr ismatic  shape along [110]. Perhaps  the sup- 
posed d imorphism of the  nickel sulphate  crystals 
ment ioned in the l i terature is due to this difference 
in habit .  The following mean  values of the angles 
between the  planes were measured goniometrical ly 
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hkl 2'~ 
110 71 
020 92 
111 --46 
021 51 
002 41 
200 123 
112 110 
022 17 
220 -- 5 
221 26 
202 105 
040 106 
113 0 
041 -- 4 
023 --41 
222 82 
042 100 
004 129 
223 --27 
114 43 
024 93 
043 -- 1 
330 92 
331 -- 9 
204 77 

Table  1. C o m p a r i s o n  

Fo 
48 
74 
45 
45 
27 

122 
109 

0 
18 
34 
76 

105 
0 
0 

39 
89 
85 

130 
33 
42 
71 

0 
88 
0 

55 

of 
hkt 2'~ Fo 
060 84 78 
332 32 0 
400 133 142 
061 -- 12 0 
224 26 14 
005 0 0 
044 47 47 
115 --43 52 
025 35 39 
062 10 0 
402 22 0 
333 31 42 
063 10 0 
225 33 22 
440 59 58 
045 -- 1 0 
441 -- 1 0 
334 79 83 
006 6 0 
116 69 64 
026 45 47 
442 76 77 
064 76 77 
404 100 107 

calculated and  observed structure fac tors  

h~l F~ F 
080 97 87 
206 35 0 
081 31 45 
226 75 81 
443 --  2 0 
335 3 0 
082 32 39 
046 58 46 
065 --12 0 
083 --30 36 
444 41 33 
550 55 45 
027 --29 26 
600 71 69 
551 18 24 
084 75 65 
227 --27 0 
602 47 46 
552 36 39 
066 20 0 
406 1 0 
553 --33 41 

0,10,0 17 21 
O08 67 94 

( 1 1 1 ) ' ( 0 0 1 ) = 5 5  °44 ' ,  (111)" (111) = 87° 22 ', 
(112) ' (001) = 36 ° 23'. 

The  zone angle  [110]" [1-10] = 66-5 ° was m e a s u r e d  
microscopical ly .  The  ax ia l  ra t ios  ca lcu la ted  f rom the  
above  m e a s u r e m e n t s  are 

a :  b :c = 0.6569:1 : 0 .8058 .  

A n h y d r o u s  n ickel  su lpha te  r ema ins  s tab le  in  air  
for a few days ,  b u t  a f ter  a longer  i n t e r v a l  t he  c rys ta l s  
become opaque  a n d  green, a n d  are g r a d u a l l y  t rans-  
fo rmed  to a f ine c rys ta l l ine  powder  of n ickel  su lpha t e  
h e x a h y d r a t e .  Fo r  th i s  reason  the  specimens  for X - r a y  
e x a m i n a t i o n  were p ro tec ted  in  cap i l l a ry  glass tubes .  
Because  the  p l a t y  form of c rys ta l s  was no t  su i tab le  
for i n t e n s i t y  measu remen t s ,  the  c rys ta l s  were em- 
bedded  in  plexiglass  a n d  cut  to  the  shape  of smal l  l a ths  
of a lmos t  equa l  th ickness  para l le l  to  t he  a or b axis.  
These  la ths ,  a n d  also a p r i sma t i ca l l y  deve loped  c rys t a l  
para l le l  to  [110], were used for r o t a t i o n  a n d  Weissen-  
berg d iagrams.  The  i n t e r p r e t a t i o n  of these  d i ag rams  
gave  

a 0 = 5.155±0.001,  b 0 = 7 . 8 4 2 ± 0 . 0 0 1 ,  
c o = 6 .338±0.002 A .  

F r o m  these  are ca lcula ted  the  fol lowing ax ia l  ra t ios  
a n d  angles : 

a :  b : c = 0.6573" 1" 0 .8082 ,  

( 1 1 1 ) : ( 0 0 1 ) = 5 5 ° 3 8  ' , (111)" (111) = 87° 26 ' , 

(112).(001) = 36 ° 20', [ l l 0 ] ' [ i T 0 ]  = 66 ° 38'. 

These  va lues  are in  sa t i s f ac to ry  a g r e e m e n t  w i th  those  
ob t a ined  goniomet r ica l ly .  

The  observed  ref lexions are hkl  : h + k = 2n ; Okl : 
k = 2n;  hOl: l = 2n, h = 2n;  hkO" h + k  = 2n. F r o m  

these  i t  follows t h a t  D ~ - C m c m  is t he  mos t  p robab le  
space group,  Cmc a n d  C2cm being exc luded  because  
of the  holohedr ica l  appea rance  of t he  crys ta ls .  

3 .  D e t e r m i n a t i o n  o f  t h e  s t r u c t u r e  

F r o m  the  above  la t t i ce  cons t an t s  a n d  a u n i t  cell con- 
t a i n i n g  four  molecules  we ca lcula te  a d e n s i t y  of 4-01 
g.em. -a, whereas  t h a t  g iven  in t he  l i t e ra tu re  is 3.643 
g.em. -a. W e  did  no t  m a k e  a d e n s i t y  m e a s u r e m e n t  
because our  c rys ta l s  showed incomple te  i n t e r n a l  
d e v e l o p m e n t  due to  large cavit ies.  

As the  un i t  cell con ta ins  four  molecules  NiSO4, 
we have  to  a r r ange  in i t  four  Ni, four  S, and  six- 
t een  O a toms.  Space-group s y m m e t r y  C m c m  con- 
t a in s  th ree  fourfold posi t ions.  Two of these,  pos i t ion  (a) 
( 0 , 0 , 0 ;  0 , 0 , ½ ;  ½,½,0;  ½,½,½) a n d  pos i t ion  (b) 
(0, ½, 0; 0, ½, ½; ½, 0, 0; ½, 0, ½), coincide wi th  sym-  
m e t r y  centres  while  the  th i rd ,  pos i t ion  (c) (0, y, ¼; 
0, ~, ~; ½, ½+y,  ¼; ½, ½ - y ,  ~), w i th  one degree of free- 
dom, lies on a twofold  axis.  Because  of t he  t e t r a h e d r a l  
a r r a n g e m e n t  of the  0 a toms  a round  the  S a toms,  t he  
on ly  possible pos i t ion  of t he  l a t t e r  is the  pos i t ion  (c). 
A t  the  same t ime  the  SO 4 t e t r a h e d r o n  is or ien ted  b y  

the  s y m m e t r y  so t h a t  i ts  twofo ld  axis  coincides w i t h  
t he  [0, y, ¼] axis.  I n  th i s  w a y  the  0 a toms  occupy  
e ight fo ld  posi t ions ,  and,  in  pa r t i cu la r ,  t h e  0 a toms  
of one pair ,  des igna ted  Oi, lie on the  (0, y, z) p l ane  
a n d  those  of t he  o ther  pair ,  On, lie on t h e  (x, y, ¼) 
plane.  The  N a toms  m u s t  occupy  one of t he  fourfold  
pos i t ions  (a) or (b). T h u s  on ly  f ive p a r a m e t e r s  r e m a i n  
to  be de te rmined ,  y for t he  S a tom,  y a n d  z for t he  
Oi a toms  a n d  x and  y for t he  On  a toms.  

W e  a t t e m p t e d  to  de t e rmine  the  u n k n o w n  para-  
mete r s  b y  the  t r i a l -and-e r ror  me thod ,  t a k i n g  accoun t  
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Fig. 1. The structure of NiSO 4, showing the spatial arrange- 
ment of the SO 4 tetrahedra and the Ni atoms. 

of the  space demands of the Ni and  0 atoms. The 
coordinates of the  a toms listed in Table 2 are those 

Table 2. Atomic parameters 

x y z 
4 Ni 0 0 0 
4 S 0 0.36 
8 0 i  0 0.25 0.05 
8 OH 0.25 0.48 ¼ 

which give the  best agreement  between the  observed 
and calculated F(hkl) values (Table 1). Fig. 1 shows 

Table 3. Coordination in NiS04 

Point Neigh- Coordination Interatomic 
Atom position bour number distance (A) 

Ni (a) OI 2 1.99 
OIL 4 2.06 

S (c) Oi 2 1.53 
Oii 2 1.60 

Oz (]) Oz I 2.53 
Oz 1 2.58 
OII 2 2.55 
Oll 2 2.79 
OH 2 2.92 

On (g) Oii 1 3.18 
Oii 1 2.58 

the  spat ial  a r rangement  of the  S04 t e t rahedra  and 
the  Ni atoms. 

4. D e s c r i p t i o n  a n d  d i s c u s s i o n  of  t h e  s t r u c t u r e  

The S atoms have  nearest  to them four 0 a toms a t  
the  vertices of an almost  regular te t rahedron.  The Ni 
a toms are surrounded by  six 0 a toms occupying the  
vertices of a dis tor ted octahedron.  The distances of 
the  atoms in the  polyhedra  are given in Table 3. 
These distances are in agreement  with those known 
from other  structures.  

I wish to express my  thanks  to Prof. P. Kokkoros,  
Director  of the  Depar tment ,  for suggesting the  subject  
of this research and for his valuable  help. 
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