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Heats of decomposition and formation of various hydrates of iron(II) sulphat~J 
have been presented and discussed. The heat of dehydration of the monohydrate 
calculated from the DTA curves (50.2 k J/mole) appears to be lower than the expected 
value. The value calculated from the heats of formation (79.4 k J/mole) is therefore 
taken as the more accurate value. 

In our previous communications, we presented our results for the thermal 
decomposition of iron(II) sulphate heptahydrate [1] and other hydrates of iron(ll) 
sulphate [2]. It  was observed that the thermal decomposition of iron(ll) sulphate 
hydrates proceeds in a stepwise fashion, with considerable oxidation to oxy- 
sulphate directly or through hydroxy sulphate, depending on the experimental 
conditions. The oxysulphate thus formed decomposes to iron(Ill) oxide and 
sulphur oxides either directly or through intermediate iron(Ill) sulphate. In this 
communication we present our results on some thermochemical aspects of the 
decomposition processes. 

Experimental 

Materials: lron(ll)  sulphate heptahydrate and other hydrates were prepared 
by the procedures described earlier [2, 3]. 

Apparatus: As described in our previous communication [1]. 
Methods: The DTA peak areas were used to calculate the heats of reactions. 

The heat of fusion of sodium nitrate and the heat of decomposition of calcium 
carbonate were used for the calibration of the apparatus. For this purpose, the 
area under a peak was traced on high quality tracing paper, and the portion repre- 
senting the area was cut out carefully and weighed. The accuracy expected f rom 
the DTA method is estimated to be about + 2 0 - 4 0  kJ. From ~he heats of reac- 
tions, the heats of formation of the various hydrates were calculated. In calculating 
the heats of formation, it is assumed that the AH value calculated from the DTA 
curves holds approximately at 298 K. 
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Results and discussion 

T h e  hea t s  o f  d e h y d r a t i o n  o f  the  v a r i o u s  hyd ra t e s  o f  i ron( I I )  su lpha te  a r e  g iven  

in  T a b l e  1. T h e  hea t s  o f  d e c o m p o s i t i o n  o f  the  v a r i o u s  hydra t e s  to  su lphu r  oxides ,  
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Fig. 1. TG, DTG and DTA curves of FeSO4 �9 7 H~O in air 

Table 1 

Heats of dehydration of iron(II) sulphate hydrates 
to anhydrous iron(H) sulphate 

Dehydration reaction 

FeSOa �9 7 H20 : FeSO4 -/- 7 H~O 
FeSO4 " 6 H20 = FeSO4 -t- 6 H~O 
FeSO4 " 5 H~O = FeSO4 -I- 5 H20 
FeSO4 " 4 H~O = FeSO4 q- 4 HzO 
FeSO~ �9 3 H20 = FeSO4 -q- 3 H20 
FeSO4 " 2 H20 = FeSO4 + 2 H~O 
FeSO 4" H~O----- FeSO 4 +  H~O 
�9 Literature values [4]. 

Heat of dehydration 
.41=1, kJ/mole 

443.1" (397) 
364 
309 
251 
175 
121 
50.2 (79.4)* 

Heat 
of dehydration 

per mol of 
water, k] 

63 
63 
63 
63 
58.5 
63 
50.2 
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t o g e t h e r  w i th  t he i r  hea t s  o f  f o r m a t i o n ,  a re  p r e s e n t e d  in T a b l e  2. I n  ca l cu l a t i on  

o f  t h e  h e a t s  o f  d e c o m p o s i t i o n ,  t h e  e n d o t h e r m i c  p e a k  f o l l o w i n g  t h e  e x o t h e r m i c  

o n e  (see F igs  1 a n d  2) was  t a k e n  in to  c o n s i d e r a t i o n .  
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Fig. 2. TG, DTG and DTA curves of FeSOa �9 H20 in air 

Table 2 

Heats of decomposition of iron(II) sulphate hydrates 
to sulphur oxides, and heats of formation 

Hydrate 

Heat of 
decomposition, 

AH, kJ/mole 
of Fe20(SO,L 

YeSO 4 �9 7 HzO 
FeSO 4 6 HzO 
FeSO 4 5 }I20 
FeSO~ 4 H20 
FeSO a 3 HzO 
FeSO 4 2 H20 
FeSO4 HzO 

�9 Literature values [4] 

Heat of formation, 
AH~2o., kJ/mole 

506 
497 
493 
493 
493 
485 
485 

--3505 (-- 3009.5)* 
-- 2733 
-- 2437 
-- 2136 
-- 1822 
-- 1526 
-- 1212 (-- 1240.6)* 
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As can be seen from the data presented in Table 1, the heats of dehydration 
decrease in the decreasing order of the number of water molecules. However, 
the heat of dehydration per water molecule remains constant at around 63 k J/mole, 
except in the case of the monohydrate, where the value appears to be low. The 
heats of dehydration calculated from the literature values of heats of formation 
have been found to be 397 and 79.4 kJ/mole, respectively, for the heptahydrate 
and monohydrate. From these values, the heat of dissociation per water molecule 
may be calculated to be 56.8 and 79.4 kJ/mole, respectively, for the hepta- and 
monohydrate. While the value of 56.8 kJ/mole compares favourably with the 
experimental value of 63 k J/mole, the value of 79.4 kJ/mole does not compare 
well with the value of 50.2 k J/mole. As it is expected that more energy is required 
to drive away the last water molecule, we may take the value 79.4 kJ/mole as the 
more accurate figure for the monohydrate. 

The heats of decomposition of various hydrates to iron(III) oxide and sulphur 
oxides are nearly the same (cf. Table 2): 493 + 12 kJ/mole. This is because the 
compound that decomposes to iron(III) oxide and sulphur oxides is the same, 
irrespective of the hydrate taken. It has been shown earlier [1, 2] that all hydrates 
give rise to an intermediate oxidation product, Fe20(SO4)2, which decomposes 
to iron(III) oxide and oxides of sulphur. The heats of decomposition obtained 
from the DTA study were utilised to calculated the heats of formation of various 
hydrates (Table 2). It can be seen that the values obtained for the monohydrate 
and the heptahydrate agree fairly well with the literature values. It may therefore 
be said that the heats of formation obtained for the other hydrates are also accu- 
rate enough. 

The authors express their grateful thanks to Dr. B. R. Sant for his keen interest and valu- 
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RI~SUMt~ -- On pr6sente et discute les valeurs des chaleurs de d6composition et de formation 
de divers hydrates du sulfate de fer(II). La chaleur de d6shydratation du monohydrate,  cal- 
cul6e h partir  des courbes d ' A T D  (50.2 kJ) paratt  ~tre plus faible que la valeur attendus. C'est 
pourquoi la valeur calcul6e h part ir  des chaleurs de formation (80.1 kJ) est consid6r6e comme 
plus exacte. 
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ZUSAMMENFASSUNG - -  Die Zersetzungs- und Bildungswfirmen verschiedener Hydra te  der 
Eisen(II)sulfate wurden aufgeft~hrt und diskutiert. Die aus den D T A - K u r v e n  berechnete  
Dehydrat is ierungswfirme (50,2 k J )des  Monohydra t s  scheint niedriger zu sein als der erwartete 
Wert.  Der  aus den Bildungswfirmen berechnete Wert (80.1) kJ) wird deshalb als der exaktere 
Wert  angenommen.  

Pe3ioMe - -  Ylpe~cxa~neiJb~ H 06cy:~IeHbI Ten:iOTbI pa3~lO~eHH~ H o6pa3oBaHn~ pa3:IHqHblX 
rH~IpaxoB cy~qbaTa xe.ae3a(II). OqeBH)IHO, qTO TeIIJIOTa ~ern~paTaImHMOHOrn~paTa, BbIqHC- 
nenHa~ ~3 ~pHBSIX ] ITA (50.2 K ~ ) ,  Hnme omn)xaeMoro 31Janeni~s. B CBnCn C ~TnM, 3na~eHHe 
Ten3OT/~l, BSI~HC3eHHoe n3 ~aHH~IX nO Ten~OTaM o6pa3oBaHnn, paBHOe 79.4 K~X H np!4nnTO xaK 
6onee TOqHOe. 
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