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THE DEHYDRATION AND HYDRATION OF FERROUS SULPHATE 

G .  Sutherland* and A.G.  Mi tche l l ,  Pharmacy Department, Heriot-Watt Univers i ty ,  
Edinburgh* and Facul ty  of Pharmaceutical Sciences,  Univers i ty  of  B r i t i s h  Columbia ,  
Vancouver, Canada. 

Two salts of f e r r o u s  su lpha te  are included i n  t h e  BP, Ferrous Sulphate ,  
FeS04,7H20, and Dried Ferrous Sulphate .  The monograph states tha t  the l a t t e r  is  
Ferrous Sulphate  deprived of  p a r t  of i t s  w a t e r  of c r y s t a l l i z a t i o n  by drying a t  a 
temperature of 40°. The l i m i t s  > 80.0% and < 90.0% FeS04 correspond t o  material 
c o n s i s t i n g  mainly of FeS04,H20 p l u s  v a r i a b l e  amounts of h i g h e r  hydra tes .  

Commercial samples of Dried Ferrous Sulphate  examined by X-ray d i f f r a c t i o n ,  
thermal a n a l y s i s  and t h e  USP assay  c o n s i s t e d  e s s e n t i a l l y  of  t h e  monohydrate. 
Ferrous Sulphate  hea ted  a t  40' formed t h e  t e t r a h y d r a t e  however and n o t  t h e  
monohydrate as  r e q u i r e d  i n  t h e  BP. The dehydrat ion r e a c t i o n  w a s  complete wi th in  
about  t h r e e  hours  and even a f t e r  seven days a t  40' no f u r t h e r  dehydration 
occurred.  The t e t r a h y d r a t e  a l s o  formed on drying i n  a d e s i c c a t o r  o r  under vacuum 
a t  room temperature .  

Dried Ferrous Sulphate  is used i n  t a b l e t  manufacture b u t  rehydra t ion  may l e a d  t o  
t h e  formation of a concre te - l ike  s u r f a c e  l a y e r  which r e t a r d s  d i s s o l u t i o n  
(Stephenson 1965). Dried Ferrous Sulphate  i s  used because t h e  heptahydrate  i n  
uncoated t a b l e t s  would e f f l o r e s c e  i n  dry  a i r  and when coa ted  t h e  r e l e a s e  of water 
vapour might a t t a c k  the c o a t .  The choice  of hydra te  t h e r e f o r e  h a s  an important  
bear ing on s t a b i l i t y  and b i o a v a i l a b i l i t y  and t h e  t e t r a h y d r a t e  may have advantages 
over t h e  o f f i c i a l  salts. 

The dehydrat ion and hydra t ion  of Ferrous Sulphate  and Dried Ferrous Sulphate  were 
compared with t h a t  of  the t e t r a h y d r a t e  s a l t  by measuring t h e  changes i n  weight 
a f t e r  s t o r a g e  a t  25" over  v a r i o u s  s a t u r a t e d  s a l t  s o l u t i o n s  which gave r e l a t i v e  
humidi t ies  of 12, 33, 43, 54, 65,  75,  84, 92 ( R H % ) .  
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Ferrous Sulphate  dehydrates  t o  form t h e  t e t r a h y d r a t e  a t  RH < 65% b u t  prolonged 
s torage  a t  l o w  RH does n o t  cause f u r t h e r  dehydrat ion t o  the monohydrate. Dried 
Ferrous Sulphate  i s  s t a b l e  up t o  65% RH b u t  a t  some RH between 65-75% changes t o  
t h e  heptahydrate  through the in te rmedia te  formation of t h e  t e t r a h y d r a t e .  I n  
t a b l e t s  made from FeS04,H20 such a phase change may cause d i s s o l u t i o n  problems, 
and produces an i n c r e a s e  i n  mass of 64 percent .  The i n c r e a s e  i n  volume can 
change t h e  t a b l e t  s t r u c t u r e .  The t e t r a h y d r a t e  a l s o  rehydra tes  between 65-75% RH 
b u t  t h e  i n c r e a s e  i n  m a s s  i s  only 24 percent .  

I n t r i n s i c  d i s s o l u t i o n  rates determined us ing  a r o t a t i n g  d i s c  method showed no 
s i g n i f i c a n t  d i f f e r e n c e s  between t h e  t h r e e  hydra tes .  Prel iminary s t u d i e s  on 
uncoated t a b l e t s  prepared using Avicel  pH 102 a s  a d i r e c t  compression agent  showed 
t h a t  t a b l e t s  with acceptab le  hardness ,  d i s i n t e g r a t i o n  t i m e s  and d i s s o l u t i o n  times 
could be prepared from e i t h e r  t h e  mono o r  t e t r a h y d r a t e  salts. FeS04,4H20 may be  a 
s u i t a b l e  a l t e r n a t i v e  t o  FeSO4,HzO and dry ing  t h e  heptahydrate  a t  40° would g ive  
t h i s  s a l t  and n o t  t h e  monohydrate as  descr ibed  i n  t h e  BP. 
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