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ABSTRACT 

Nicke l  su l f a t e  was  r ec rys t a l l i zed  to  o b t a i n  t he  7 H : O ,  /36 H : O  a n d  va r ious  hab i t s  o f  
~6  H 2 0 .  D e h y d r a t i o n  a n d  phase  t r ans i t i ons  were  s t u d i e d  us ing  X- ray  ana lys i s  and  DSC 
wi th  e f f l u e n t  gas analysis .  NiSO4 • 7 H 2 0  d e h y d r a t e s  s p o n t a n e o u s l y  via 7 -~ 6~ -~ 6 ~  a t  
r o o m  t e m p e r a t u r e ,  whi le  the  d e h y d r a t i o n  p a t h w a y  o f  NiSO+ ~6 H 2 0  is 6c~-~ 6 7 - ~  4 -~ 
1. T h e  e f f e c t  o f  t i m e  a n d  s to rage  o n  the  6c~--6/~ p h a s e  t r a n s i t i o n  was  inves t iga ted .  

I N T R O D U C T I O N  

Literature reports  concerning the dehydra t ion  of  N i S O 4 - 7  H20 and 
NiSO+ • 6 H20 are contradictory.  Rabbet ing  et al. [1] reviewed these reports  
and, using differential  scanning calor imetry (DSC), differential  thermal  
analysis (DTA), thermogravimetric  analysis (TGA) and X-ray analysis, 
a t t empted  to clarify the  dehydra t ion  pa thway  and confirm whether  the  
hexahydra te  shows a phase transi t ion.  

We have prepared the cz and/3 po lymorphs  of  NiSO+ - 6 H20 together  wi th  
various habits  of  the  ~ form. The effects of  t ime and storage condi t ions on 
the ~--~ transi t ion were investigated. Our in terpre ta t ion of the  dehydra t ion  
pa thway  and phase t ransi t ion differs substant ial ly f rom tha t  of  Rabbet ing  et 
al. 

EXPERIMENTAL 

Nickel sulfate (certified A.C.S., Fisher Scientific Company) was recrystal- 
lized from water above 38 ° to obtain NiSO+ • ~6 H20 and at room tempera- 
ture or in a refrigerator to obtain NiSO+ • 7 H20. Crystals of a tetragonal 
bipyramidal habit of NiSO+ • a6 H20 were grown in a fluidized-bed crystal- 
lizer by Phillips and Epstein [2]. Recrystsn~zation above 38 ° in the presence 
of traces of gelatin resulted in the growth of a platy crystalline habit of 
NiSO4 • a6 H20. Dehydration of the heptahydrate at room temperature in 
a desiccator gave rise to an acicular habit of NiSO+ • ~6 H20. Details con- 
ceming the preparation and properties of the various habit modifications 
are reported elsewhere (Burr and Mitchell [3]). 
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Crystals o f  NiS04 • ~6 H20 were  recrystal l ized f r o m  aqueous  so lu t ion  at 
58 ° fo l lowed  by  storage at  58 ° in a t ight ly  closed bo t t l e  to  p reven t  dehydra-  
t ion.  

The rma l  analysis was p e r f o r m e d  using a Perkin-EImer  d i f ferent ia l  scanning 
ca lor imeter  (DSC-1B) equ ipped  for  e f f luen t  gas analysis. Crystals were  
g round  in a glass pest le  and mor t a r  and 1--5 mg  samples were  we ighed  
using a Cahn Gram e lec t roba lance  d i rec t ly  in to  a luminum volat i le  s~mple 
pans. Scans were  m a d e  at 10 ° rniu -I using closed pans and  pans wi th  a 0 .1m 
0.2 m m  pinhole .  Vapor iza t ion  o f  t he  wate r  of  crystal l izat ion f rom the  pans 
wi th  a p inho le  was d e t e c t e d  using t he  e f f luen t  gas analyzer  and  was esti- 
m a t e d  quant i t a t ive ly  by  weighing the  pan  after  each e n d o t h e r m i c  peak.  

X-Ray d i f f rac t ion  pa t te rns  were  d e t e r m i n e d  by  placing abou t  300 mg of  
g round  mater ia l  in to  a sample slide and  expos ing  to  CuK~ rad ia t ion  in a 
Philips wide  angle X-ray d i f f rac tomete r .  The  loca t ion  and  in tens i ty  o f  p e a k s  
at d i f f e ren t  values o f  20 were  s tudied.  

RESULTS AND DISCUSSION 

Table I shows t he  X-ray and DSC results for  t he  various crystal  samples.  
The  X-ray p o w d e r  diffEaction pa t te rns  o f  t h e  A.C.S., b ipyramidal ,  p la ty  and  
acicular crystals were  character is t ic  o f  NiSO4" a6  H20,  (Selec ted  Powder  
Dif f rac t ion  Data  [4]) .  The  t empera tu re s  are m e a n  values of  t he  peak  m a x i m a  
for  a n u m b e r  o f  DSC scans. However ,  the  sequence  o f  peaks is o f  m o r e  
significance than  the  actual t empe ra tu r e  o f  t ransi t ion,  d e h y d r a t i o n  or 
vapor iza t ion  since the  desolva t ion  of  solvates is h ighly  d e p e n d e n t  on  t he  
exper imen ta l  condi t ions .  Peaks I and  2 are in ternal  t ransi t ions  since t h e y  
occur red  using b o t h  c losed pans wh ich  p reven t  wate r  loss, and  pans wi th  a 
p inho le  w h e n  the re  was n o  evidence  o f  vaporizat ion.  Peaks 8 and  4 inc lude  
b o t h  @rnultaneous d e h y d r a t i o n  and  vapor izat ion.  Vapor iza t ion  was con- 
f i rmed qual i ta t ively by  e f f luen t  analysis and quant i ta t ive ly  by t he  we igh t  
loss. Peaks 5 and  6 also indica te  b o t h  d e h y d r a t i o n  and  vapor iza t ion  reac- 
t ions  bu t  an i n d e p e n d e n t  d e t e r m i n a t i o n  of  d e h y d r a t i o n  was n o t  possible,  
in mos t  cases, since t he  vapor  pressure was suff ic ient  to  d i s tor t  or  exp lode  
the  closed pans. The  overall wa te r  loss ob t a ined  on  hea t ing  each sample  to  
abou t  500 ° c o n f i r m e d  tha t  each crystal  s~mple was init ially t he  hexahydra t e .  

The  the rma l  behaviour  of  t he  crystal  samples in Table i falls in to  t w o  
groups;  t h e  scans of  t he  b ipyramids  are ident ical  wi th  t he  original A.C.S. 
mater ia l  bu t  d i f fer  s ignif icantly f r o m  the  p la ty  and  acicular habits.  In pans 
wi th  a p inhole ,  all crystals show t rans i t ion  peaks I and  2 wi th  peak  2 as t h e  
major  peak.  In c losed pans, peak  I becomes  t he  major  t rans i t ion  f o r  the" 
b ipyramids  and  A.C.S. crystals wi th  p e a k  2 missing, whereas  wi th  t h e  p la ty  
and  acicular habi ts  t he  s i t ua~on  is reversed and the  on ly  t rans i t ion  co_rre- 
sponds  to  peak  2. 

Fu r the r  d i f ferences  b e t w e e n  t he  t w o  groups o f  crystals are apparen t  o n  
compar ing  peaks 3 and  4. The  A.C.S. and  b ipyramida l  crystals unde rgo  
d e h y d r a t i o n  b e t w e e n  113 and 119 ° (peak  3) wi th  t h e  s imul taneous  vaporiza- 
t ion  o f  2 H20.  The  pla ty  and  acicular habi ts  undergo  these  reac t ions  b e t w e e n  
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126 and  128 ° (peak  4) w i th  on ly  a shou lde r  at  a b o u t  118  ° to  ind ica te  some  
d e h y d r a t i o n  a t  this  t e m p e r a t u r e .  

Bo ldyrev  [5] has s h o w n  t h a t  t he  ra te -con t ro l l ing  s tep in t h e  d e h y d r a t i o n  
o f  ZnSO4 • 6 H20 depends  on  t h e  ex t e rna l  c o n d i t i o n s .  When  carr ied  o u t  in 
v a c u u m  or  at  l o w  part ial  pressures  of  w a t e r  vapor ,  t h e  r e a c t i o n  is c o n t r o l l e d  
by  the  gaseous r eac t ion  p r o d u c t ,  i.e. by  t he  w a t e r  vapor  pressure,  b u t  w h e n  
the  vapor  pressure is increased,  catalysis  b y  t h e  solid p r o d u c t  o f  t he  dehydra -  
t i on  r eac t i on  becomes  p r e d o m i n a n t .  

I so the rmal  losses of  wa te r  vapor  at  var ious  t e m p e r a t u r e s  b e l o w  t h e  transi- 
t i on  t e m p e r a t u r e  in pans  w i th  a p inho le  s h o w e d  t h a t  t h e  b ipy ramida l  crystals  
lost  w a t e r  m o r e  rap id ly  t h a n  the  p la ty  or  ac icular  habi ts .  H e n c e  it seems 
l ikely  tha t  the  d i f fe rences  in the  d e h y d r a t i o n  reac t ion ,  peaks  3 and  4, are 
due  to  the  ef fect  o f  a d i f f e rence  in vapor  pressure  b e t w e e n  the  var ious 
habits .  

Di f fe rences  in vapor  pressure  m a y  also expla in  t he  d i f fe rences  in t he  
in te rna l  t ransi t ions ,  peaks  1 and  2 for  t he  var ious  habi t s  w h e n  c o m p a r e d  in 
c losed pm~s and  pans wi th  a p inho le .  A l t h o u g h  t h e  6 H20 -~ 4 H20  dehydra -  
t ion  (peaks 3 or  4) occurs  at  t e m p e r a t u r e s  greater  t h a n  t h e  t r ans i t ion  tem-  
pera tures ,  the  h e x a h y d r a t e  will  lose w a t e r  at  a n y  t e m p e r a t u r e  p rov ided  the  
vapor  pressure of  w a t e r  su r round ing  the  solid is less t h a n  t h e  equ i l ib r ium 
vapor  pressure at  t ha t  t e m p e r a t u r e .  Thus  o n  hea t ing  a pan  wi th  a p inhole ,  
vapor  loss will occu r  a l t hough  the  ra te  will  b e c o m e  apprec iab le  on ly  w h e n  
the  vapor  pressure wi th in  t he  pan  is equa l  to  t he  a t m o s p h e r i c  pressure.  On  
the  o t h e r  hand ,  w a t e r  vapor  c a n n o t  escape f rom a c losed  pan  and  the  vapor  
pressure increases wi th  increase in t e m p e r a t u r e .  I t  is suggested t h a t  the  l ower  
t r ans i t ion  t e m p e r a t u r e  for  t he  b ipy ramida l  and  A.C.S. crystals  in a c losed 
pan  is re la ted  to  t he  h igher  vapor  pressure  of  these  habi ts .  This  observa t ion  
is s u p p o s e d  by  the  fac t  t h a t  w h e n  the  e f fec t  o f  vapor  pressure  is r e d u c e d  by  
using a pan wi th  a p inhole ,  b o t h  t r ans i t ion  peaks  1 and  2 appear  in t he  
t h e r m o g r a m s  of  all habi ts  w i th  peak  2 b e c o m i n g  the  ma jo r  peak  in each  case. 
Chihara  and  Seki  [6] f o u n d  similar t rans i t ions  above  and  b e l o w  100 ° us ing 
D T A  and  pos tu l a t ed  t he  ex i s tence  o f  t w o  phases 63, and  63,', a l t hough  t h e y  
n o t e d  t ha t  these  m a y  be t he  same. R a b b e t i n g  e t  al. f o u n d  n o  ind ica t ion  of  
t he  ex is tence  of  a 3, phase  or  phases.  Our  resul ts  s u p p o r t  Chihara  and  Seki 
b u t  show t h a t  the  t rans i t ions  occu r  be low 100 ° , above  100 ° or bo th ,  
d e p e n d i n g  on  w h e t h e r  t he  sys t em is closed or  open ,  and  on  the  crysta l  habi t .  
Hence  it is necessary  to  pos tu la t e  t he  ex is tence  of  on ly  one  63, phase.  

The  t rans i t ion  and d e h y d r a t i o n  reac t ions  for  t he  t w o  groups  o f  crystals  
are s u m m a r i z e d  be low.  

N i S 0 4  • 6 H20.  A .C.S .  and bipyramidal  

NiSO4 - 6 H20(s ,  ~) ~ NiS04 • 6 H20(s ,  3,) Peak 1 

NiSO4 • 6 H~.O(s, cz) --> NiSO4 - 6 H20(s ,  3,) Peak  2 * 

NiSO4 - 6 H20(s, 3') ~ NiSO4 - 4 H20(s) + 2 H20(1) Peak 3 

2 H..O(1) ~ 2 H20(g) Peak 8 * 

NiS04 - 4 H20(s) -~ NiSO4 • H20(s) + 3 H20(g) Peak 5 ** 
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NiSO4 

N i S 0 4  

NiSO4 

NiSO4 

NiSO4 

• H 2 0 ( s )  -+ NiSO4 + H 2 0 ( g )  

• 6 H 2 0 .  P la t y  and  acicular 

• 6 H 2 0 ( s ,  ~) -~ NiSO4 • 6 H 2 0 ( s ,  ~/) 

• 6 H 2 0 ( s ,  a)  -~ NiSO+ - 6 H 2 0 ( s ,  71 

• 6 H 2 0 ( s ,  ~,) -~ NiSO+ • 4 H 2 0 ( s )  + 2 H20(1)  

NiSO+ • 6 H 2 0 ( s ,  ~/) -~ N i S O 4  • 4 H20( s )  + 2 H 2 0 ( g )  

2 H20(1) -~ 2 H 2 0 ( g )  

NiSO4 • 4 H 2 0 ( s )  -+ NiSO4 • H 2 0 ( s )  + 3 H 2 0 ( g )  

NiSO+ • H 2 0 ( s )  -~ NiSO4 + H 2 0 ( g )  

P e a k  6 * * 

P e a k  I * 

P e a k  2 

S h o u l d e r  3 

P e a k  4 

P e a k  4 * 

P e a k  5 ** 

P e a k  6 ** 

T a b l e  1 i n c l u d e s  r e su l t s  f o r  NiSO+ • 7 H 2 0 .  T h e  h e p t a h y d r a t e  r a p i d l y  los t  
w e i g h t  a f t e r  g r i n d i n g  p r i o r  t o  X - r a y  ana lys i s  a n d  DSC.  C o m p a r i s o n  o f  succes-  
sive X - r a y  scans  w i t h  t h e  p u b l i s h e d  d va lues  o f  n i c k e l  su l f a t e  [4]  s h o w e d  t h a t  
t h e  h e p t a h y d m t e  d e h y d r a t e s  r a p i d l y  t o  N i S O 4  • f16 H 2 0  w h i c h  t h e n  u n d e r -  
goes  t r a n s i t i o n  t o  N i S O 4  • rv6 H 2 0  w i t h i n  o n e  h o u r .  T h e  D S C  scan  w a s  t h e  
s a m e  as t h a t  o f  t h e  a c i c u l a r  h a b i t ,  i .e.  t h e  d e h y d r a t e d  h e p t a h y d m t e .  

In  a d d i t i o n  t o  t h e  f o r m a t i o n  o f  N i S O 4 - / ~ 6  H 2 0  o n  d e h y d r a t i o n  o f  t h e  
h e p t a h y d r a t e ,  t h e  /~ f o r m  r ec rys t a l l i z e s  f r o m  a q u e o u s  s o l u t i o n  a b o v e  53 ° 
(N icho l l s  [71/• Crys ta l s  f o r m e d  in  th i s  w o r k  a t  58 ° w e r e  an  e m e r a l d  g r e e n  
c o l o u r ,  c h a r a c t e r i s t i c  o f  t h e / ~  f o r m  b u t  t h e  X - r a y  d i f f r a c t i o n  p a t t e r n  t a k e n  
i m m e d i a t e l y  a f t e r  c r y s t a l l i z a t i o n  was  c h a r a c t e r i s t i c  o f  t h e  a f o r m  w i t h  o n l y  
a t r a c e  of /3 c rys ta l s .  T h e  D S C  scan ,  T a b l e  2,  h o w e v e r ,  w a s  d i f f e r e n t  f r o m  a n y  
o f  t h e  ~ f o r m s  in  T a b l e  1 a n d  s h o w e d  a 6 H 2 0  -+ 1 H 2 0  d e h y d r a t i o n  a t  1 2 9  ° . 
O n  s to rage  in  a n  o v e n  a t  58 ° f o r  t w o  d a y s  t h e  D S C  scan  c h a n g e d  t o  give a 
t h e r m o g r a m  t y p i c a l  o f  t h e  m f o r m  b u t  t h e  X - r a y  p a t t e r n  b e c a m e  m a i n l y  t h a t  
o f  t h e  /~ f o r m  w i t h  s o m e  a f o r m  p r e s e n t .  A f t e r  f ive d a y s  a t  58 °,  t r a n s i t i o n  
p e a k s  1 a n d  2 d i s a p p e a r e d  w h i l e  t h e  X - r a y  p a t t e r n  r e m a i n e d  m a i n l y  t h a t  o f  
t h e / ~  f o r m .  I t  is a p p a r e n t  t h a t ,  a l t h o u g h  t h e  m a t e r i a l  c ry s t a l l i z ing  a b o v e  53 ° 
has  t h e  a p p e a r a n c e  o f  t h e / ~  f o r m ,  severa l  d a y s  s to rage  a b o v e  t h e  t r a n s i t i o n  
t e m p e r a t u r e  w e r e  r e q u i r e d  b e f o r e  t h e  c rys t a l s  becmme th i s  f o r m  as c h a r a c t e r -  
i z ed  b y  X - r a y  a n d  DSC.  U n l i k e  t h e  a f o r m ,  t h e  ~ c rys ta l s  d o  n o t  u n d e r g o  
i n t e r n a l  t r a n s i t i o n  p r i o r  t o  d e h y d r a t i o n .  

T h e  d e h y d r a t i o n  r e a c t i o n s  a re  

NiSO4 - 6 H 2 0 ( s ,  fl) -~ NiSO4 - 4 H 2 0 ( s )  + 2 H 2 0 ( g )  p e a k  3 

NiSOa • 4 H 2 0 ( s )  -~ NiSO4 • H 2 0 ( s i  + H 2 0 ( g )  p e a k  5 

O n  r e m o v a l  f r o m  t h e  oven ,  t h e  c rys t a l s  t u r n e d  b l u e - g r e e n  w i t h i n  a d a y ,  
t h e  X - r a y  p a t t e r n  r e v e r t e d  t o  m a i n l y  a ,  a n d  a t r a n s i t i o n  e n d o t h e r m "  
r e a p p e a r e d  in t h e  t h e r m o g r a m  a t  98°•  

* O n l y  w h e n  us ing  pans  w i t h  a p inho le .  
**  D i s t o r t i o n  o f  t h e  c losed  p a n  usua l ly  p r e v e n t s  m e a s u r e m e n t  o f  d e h y d r a t i o n  t e m p e r -  
a tu re .  
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TABLE 3 

Changes in thermograms and X-ray diffraction of emerald green crystals on storage at 
r o o m  t e m p e r a t u r e  

Days Endothermic peak maxima (°C) (moles H20 X-Ray 
vaporized per mole NiS04) a 

1 2 3 4 5 

0 P 9 6  c 1 1 7  d 1 2 9  (5 )  
5 h o u r s  e p 9 4  c 1 0 6  1 2 1  d 1 2 9  (5 )  
5 C 1 0 2  1 2 0  d 1 2 6  

P 9 4  c 1 0 5  1 1 9  d 1 2 9  ( 3 - - 4 )  
12  P 94  c 1 0 4  1 1 4  d 1 2 6  
28  C 1 0 1  1 2 0  

P 95  c 1 0 5  1 2 3  ( 2 )  

158 
156(5) 
165(5) 
164 
160 (5) 

Mainly of; 
s o m e  {~ 

of 

Of 

a V a l u e s  in  p a r e n t h e s e s  a r e  t o  t h e  n e a r e s t  s t o i c h i o m e t r i c  r a t i o .  
b C = c l o s e d  p a n ;  P = c l o s e d  p a n  w i t h  p i n h o l e .  
e S m a l l  p e a k .  
d Shoulder. 
e Emerald green --> blue green within 5 h. 

If, a f ter  recrys taUiza t ion  and  d r y i n g  at  58 °, t he  resu l t ing  emera ld  green 
crystals  were  r e m o v e d  f r o m  the  oven  and  s to red  a t  r o o m  t e m p e r a t u r e ,  t h e n  
the  crystals  t u r n e d  blue-green wi th in  5 h.  A c c o r d i n g  to  X-ray analysis,  t h e  
crystals  were  ma in ly  the  a f o rm  wi th  some ~ fo rm ini t ia l ly  present ,  bu t  
a b o u t  28 days  s torage at  r o o m  t e m p e r a t u r e  was  necessary  be fo re  t he  t h e r m o -  
gram b e c a m e  charac ter is t ic  of  the  a f o r m  (Table  3). Fo r  up  to  a b o u t  12 
days ,  t he  m a j o r  d e h y d r a t i o n - - v a p o r i z a t i o n  r eac t i on  was 6s ~ l s ,  b u t  w i th  
increasing ev idence  o f  the  6s-~ 4s-~ l s  p a t h w a y .  E f f l u e n t  gas analysis and  
weigh ing  the  sample  pans a f te r  each e n d o t h e r m  were  indispensable  techni-  
ques  in d is t inguishing this  6 H20 -~ 1 H20 d e h y d r a t i o n  f r o m  the  6 H20 -* 
4 H20 d e h y d r a t i o n  of  the  p la ty  and  ac icular  crystals  since in each  case t he  
e n d o t h e r m s  o c c u r r e d  b e t w e e n  126 and  129 ° (peak  4). 

I t  is a p p a r e n t  t ha t ,  w h e n  the  crystals  are s to red  at  58 ° un t i l  t r ans i t ion  to  
the /3  f o r m  is c o m p l e t e  ( a b o u t  5 days) ,  t h e n  the  fl -~ of t r ans i t ion  occurs  very 
rap id ly  at  r o o m  t e m p e r a t u r e  ( < 1  day) .  If, howeve r ,  t he  t r ans i t ion  to  t he  
f o r m  is i n c o m p l e t e  be fo re  r emova l  f r o m  the  oven,  t h e n  the  t r ans i t ion  to  t he  
of f o r m  takes  up  to  28 days  at  r o o m  t e m p e r a t u r e .  

Var ious  worke r s  have r e p o r t e d  t h a t  t he  h e x a h y d r a t e  f o r m e d  on  the  dehy-  
d ra t i on  of  NiSO4 - 7 H20  unde rgoes  a phase  t r ans i t i on  (Caill~re and  P o b e -  
guin [8] ,  Panne t i e r  e t  al. [9] )  or  t rans i t ions  (Chihara  and  Seki  [6] )  p r io r  to  
f u r t h e r  d e h y d r a t i o n .  S ta r t ing  w i th  NiSO4 .  of 6 H20 ,  R a b b e t i n g  e t  al. attri-  
b u t e d  peak  1 in a DSC scan to  an of -~ fl t r ans i t ion  fo l l owed  b y  the  6 -* 4 
d e h y d r a t i o n  o f  the  ~ fo rm,  peak  2, and  vapor iza t ion  of  t h e  l ibera ted  wate r ,  
peak  3. However ,  even if peaks  1 were  d u e  to  t h e  of -~/3 t rans i t ion ,  r a the r  
t h a n  the  of ~ T t rans i t ion ,  peaks  2 and  3 c a n n o t  be  d u e  to  t h e  consecu t ive  
d e h y d r a t i o n  and  vapor iza t ion  o f  t h e  /3 f o r m  since t he  t h e r m o g r a m s  o f  
NiSO4-  ~6 H20  s h o w  t h a t  d e h y d r a t i o n  and  vapor i za t ion  occu r  s imul tane-  
ously  (peak  3, Table  2). 
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CONCLUSIONS 

The d e h y d r a t i o n  pa thway  o f  NiSO4 - a6  H20  is 6a -* 67,  6~/-~ 4, 4 -> 1, 
1 - - 0 .  

NiSO4 • a6  H20 can be recrysta]Hzed in various habi ts  which  exhib i t  one  
o f  t w o  dis t inct ive  t he rmograms  as d e t e r m i n e d  by DSC. The  d i f fe rence  in t he  
DSC scans of  t h e  various habi ts  is a t t r i bu ted  to  a d i f fe rence  in wate r  vapor  
pressure. 

N i S O 4 - 7  H20 undergoes  a spon taneous  d e h y d r a t i o n  at  r o o m  tempera-  
ture  7 -* 6~, 6~ -* 6a.  

Emera ld  green crystals o f  t he  h e x a h y d r a t e  recrysta l l ized at 58 ° t ake  abou t  
5 days  a t  58 ° to  b e c o m e  establ ished as t he  6fi f o r m  as charac ter ized  by  X-ray 
and DSC, bu t  w h e n  once  es tabl ished unde rgo  rapid t rans i t ion  to  the  blue- 
green 6a fo rm at  r o o m  t empera tu re .  

The  emera ld  green crystals s to red  at r o o m  t e m p e r a t u r e  before  the  6fi fo rm 
is es tabl ished rapidly  change co lour  to  the  blue-green of  t he  6~ form.  How- 
ever, a b o u t  28 days elapse before  the  t h e r m o g r a m  cor responds  to  t ha t  of  t he  
6~ fo rm even t h o u g h  t he  X-ray d i f f rac t ion  pa t t e rn  cor responds  to  pure  6~ 
wi th in  a few days. 

The  d e h y d r a t i o n  p a t h w a y  of  t he  ~ h e x a h y d r a t e  is 6~ -> 4, 4 -> 1, 1 -* 0. 
The  occur rence  o f  at  least  th ree  p o l y m o r p h i c  forms,  th ree  hydra tes  and  

d i f f e ren t  crystal l ine habi ts  and  t he  c o m p l e x  e f fec t  o f  t i m e  and storage condi-  
t ions  on  the  6a--6fl enan t io t rop ic  t rans i t ion  are m o s t  p robably  responsible  
for t h e  con t r ad i c to ry  repor ts  in the  l i tera ture  conce rn ing  t he  t ransi t ions  and  
d e h y d r a t i o n  o f  n icke l  sulfate.  
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