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INVESTIGATION OF DEHYDRATION PROCESS, II. 

PROCESSES PRECEDING DEHYDRATION OF ALKALINE EARTH HALIDES 

I~. BUZA, GH-GERE, J. SZTATISZ and S. G~L 

Institute for  General and Analytical Chemistry, Technical University, 1521-Budapest, Hungary 

(Received December 3, 1975) 

The dehydrat ion of hydrated calcium and strontium bromides and iodides was stud- 
ied by thermogravimetry and differential thermal analysis. The melting in the crystalli- 
zation water was distinguished from the dehydrat ion in a self-generated atmosphere.  
The results of the T G  and D T A  curves made simultaneously were verified by measure- 
ments with a Du Pont  DSC apparatus.  This latter investigation was extended to the 
previously studied chlorides too. Correlations were found between the temperature 
of melting or of dehydrat ion and the ionic radii of the respective cations and anions. 

In our previous papers we have reported studies on the dehydration of some 
alkaline earth halide hydrates [1, 2]. Our object has been to elucidate the nature 
of the dehydration of hydrates containing different amounts of water of crystalli- 
zation, that is, to determine the stoichiometry of the reaction, the number of stable 
hydrate phases, and the processes preceding, or going on simultaneously with the 
dehydration. The experimental methods used were adapted to these objectives.' 
From TG and DTA curves taken simultaneously, conclusions were drawn as to 
the appearance of the different hydrate phases and to the modification of the 
physical state. It must be emphasized that a clear picture of the processes taking 
place can be obtained only on the basis of the results of this type of investigation. 
In order to resolve the different processes, different expelimental conditions were 
applied. 

In order to separate different stable hydrate phases, dehydration and rehydra- 
tion experiments were carried out using a sample holder ensuring a large surface. 
In this way a dehydration involving the formation of a liquid phase can be distin- 
guished from the further dehydration of the solid hydrate precipitated in the course 
of incongruent melting. At a sufficiently low heating rate the processes may be 
separated to an extent similar to that obtained under reduced pressure. This can 
be seen by comparing our results for SrC12.6H20 ([1 ], Fig. 2) with those reported 
by Wendlandt ([3], Fig. 3). 

The best way of making a distinction between processes accompanied and not 
accompanied by weight change (melting, transformation) was found to be the 
simultaneous recording of TG and DTA curves of the sample under a self-gener- 
ated atmosphere [2]. At an appropriat~ heating rate, the melting appears sepa- 
rately, without overlapping the evaporation process, in contrast to the results 

.L Thermal Anal. 10, 1976 



90  B U Z A G H - G E R E  et al.: PROCESSES P R E C E D I N G  D E H Y D R A T I O N  

obtained by Wendlandt ([3 ], Fig. 2). The increased partial pressure of water enables 
further hydrate phases to be observed. This is reflected by the comparison of our 
results obtained with SrC12.6H20 ([2], Fig. 2) with those obtained by Wendlandt 
in experiments carried out under pressure ([3], Fig. 3). Both experiments suggest 
the formation of SrC12.0.5H20. 

Our investigations have been extended to various calcium and strontium halides. 
The investigation of processes preceding dehydration was completed by DTA 
experiments using a sample holder with an airtight cover. 

Experimental 
Chemicals 

CaC12" 2H20, CaCL. 6H20, CaBr2" xH20, CaI2" 4H20, SrC12" 6H20, SrBr2" 
6H20, SrI2.6HzO (Merck analytical grade reagents). 

Methods 

Simultaneous TG, DTG and DTA measurements were carried out with a Deri- 
vatograph (MOM, Budapest). In some cases platinum crucibles were used as 
sample holders in some other cases multiplate sample holders with increased sur- 
face areas; and further a labyrinth crucible [4] ensuring a self-generated atmos- 
phere. 

Measurements were also made with a Du Pont Thermoanalyser 990, using 
an aluminium sample holder with plastic layer and with an airtight cover in the 
DSC cell of the apparatus and a chromel-constantan thermoelement. The heating 
rate was 5~ 

Results 

CaBr2 

In the literature [5] various hydrates of CaBr2 are described, with 6, 4, 3, 2, 
1.5, 1 and 0.5 molecules of water of crystallization, but only the existence of the 
hexahydrate is considered as certain. The preparation we used had a composition 
CaBr2.4HaO. According to the literature, CaBr2.6H~O dissolves in its water of 
crystallization at 34 ~ and transforms into CaBr2.4H20, which undergoes a trans- 
formation at 55 ~ Amirova et al. [6] reported the melting of CaBr~.6H~O at 40 ~ 
and the escape of 5 molecules of water of crystallization from CaBr2.6H20 between 
130 and 200 ~ in a single step, then 0.5 and again 0.5 molecules, these leaving 
separately. 

The results of our experiments with hydrates of different water content are 
summarized in Fig. 1. In the case of the hydrate containing less than 2 molecules 
of water (curve a), water begins to leave at 120 ~ and dehydration proceeds in two 
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steps. Dehydration is not preceded by melting. Hydrates containing more than 2 
molecules of  water of  crystallization are characterized by endothermic processes 
not accompanied by weight change (curve b and c). There is a weight increase at 
the beginning of  the curve if a large-surface-area sample holder without lid is 
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Fig. l .  T G  an d  D T A  curves  of  CaBr2.xH20 t aken  wi th  a Der iva tog raph .  Sample  weight :  
about 200 rag, heating rate: l~ Curve a: x ~ 2, crucible. Curve b: x ,-, 4, labyrinth type 
crucible; dotted curve: DTA curve of sample with x > 4. Curve c: x ,~ 4, multiplate sample 

holder 

used (curve c). This curve exhibits the melting peak of  the hexahydrate ([5], 34~ 
indicating that there is also hexahydrate present on the surface of the hygroscopic 
substance. After the escape of the water taken up at lower temperatures 3 mole- 
cules and 1 molecule of water leave separately in two steps. TG  curves taken in 
the labyrinth crucible (curve be) showed the presence of  nearly stoiehiometfic 
CaBr2.4H20. According to this the melting peak of  the hexahydrate does not 
appear at 34 ~ except when the salt was allowed to take up some humidity from 
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the air (dotted line of DTA curve b). In the curve of  CaBr2.4H20 an endothermic 
peak appears at 60 ~ This peak may be due to a process involving the formation 
of a liquid phase. This is probable from the shape of the DTA curve character- 
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Fig. 2. DTA curve of CaBr2.4 H20 taken by DSC, in a closed sample holder. Sample weight: 
5.605 nag; heating rate: 5~ 

istic for evaporation at around 160 ~ in parallel with the weight loss, and is con- 
firmed by the fact that the boiling point of the aqueous solution corresponding 
to CaBr2.4H20 is ca. 150 ~ The last molecule of  water escapes separately. In the 
curve obtained when the closed sample holder is used (Fig. 2) the peak of  melting 
appears at 32.5 ~ and that of another endothermic transformation at 5 1 - 5 2  ~ 
The nature of  this transformation is not known. Peak temperatures were reprodu- 
cible within 1 ~ 

caI2 

In the literature hydrates of CaI2 are described [5] with 6, 4, 3.5 and 3 molecules 
of  water of crystallization. The hexahydrate melts in its water of crystallization 
at 42 ~ and the tetrahydrate begins to decompose at about 65 ~ The hydrate having 
3.5 molecules of  water of crystallization melts between 70 and 80 ~ and the tri- 
hydrate just below 100 ~ The existence of the latter two hydrates is disputed, the 
trihydrate being observed only in the course of a dehydration process. 

We observed three endothermic peaks without weight change on the DTA curves 
of two preparations containing more than 4 and 5 molecules of water, respectively 
(Fig. 3). The peak at 40 ~ indicates the presence of the hexahydrate in various 
amounts on the surface of the hygroscopic salt. The second peak, at about 450, 
is very small, and in fact appears only as a break-point in curve a. The third peak 
occurs at a T m value of about 70 ~ In the curve for the hydrate containing about 
4 molecules of water of  crystallization (b) the peak at T m =  70 ~ predominates. 
The subsequent portion of the curve is not characteristic, since it is connected 
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with the evaporation of the aqueous solution. (In the curve of a hydrate with less 
water a further peak is observed with a Tm of 190~ The TG curve reflects that the 
process takes place in two stages. 
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Fig. 3. TG and DTA curves of CaI2.xH20 
taken with a Derivatograph. Sample 
weight: about 200 mg, heating rate: 1 ~ 
curve a: x > 5; b: x > 4. sample holder: 

crucible 
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Fig. 4. DTA curve of Cai2.5 H20 taken by 
DSC. Sample weight: 6.837 mg; heating 
rate: 5~ Curves a and b: in closed 
sample holder, repeated heating; curve c: in 

open sample holder 

The results of experiments made with samples in the closed sample holder are 
shown in Fig. 4. On the first heating of the sample (curve a) an endothermic peak 
appeared at 45 ~ corresponding to the melting of CaI2.6H20, and there was no 
enthalpy change up to 100 ~ The absence of the endothermic peak at about 75 - 80 ~ 
observed when using the open sample holder, shows that the corresponding proc- 
ess may proceed at a lower partial pressure of water vapour. This peak is lacking 
from the DTA curve taken in the labyrinth crucible too, which supports the above 
explanation. 

On cooling, two exothermic effects can be observed and on repeated heating 
(curve b) a further endothermic process takes place at 51 o. The curve was found 
to be reproducible. The endothermic peak at 51 ~ may correspond to the dissolution 

J. Thermal Anal. 10, 1976 



94 B U Z A G H - G E R E  et  a l . :  P R O C E S S E S  P R E C E D I N G  D E H Y D R A T I O N  

of a hydrate with a lower water content which is formed only during the first 
cooling process. 

CaCI2.6H20 and CaCI2.4H20 

These hydrates were studied earlier in an open crucible under a self-generated 
gas atmosphere [2]. The curves taken in the closed sample holder are shown in 
Fig. 5. The peak temperatures are the same as those obtained with the labyrinth 
crucible. 
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Fig. 5. Curve a: DTA curve of CAC12.4 H~O, curve b: DTA curve of CAC12.6 H20, both taken 
by DSC in closed sample holder. Sample weight: about 6 mg; heating rate: 5~ 

SrZ~ 

Various hydrates of SrI 2 are described in the literature, with 6, 2 and 1 mole- 
cules of  water of crystallization [7, 8]. 

The thermal dehydration of the hexahydrate (Fig. 6) is preceded by an endother- 
mic process without weight change, which is due to the melting of SrI2.6H~O in 
its water of crystallization and formation of SrI2.HzO (Fig. 6b, c). The departure 
of the last molecule of water can be distinguished clearly in the curves taken in 
an inert atmosphere, since the decomposition proceeding simultaneously with the 
dehydration in an air atmosphere is negligible in this case. The advantage of work- 
ing in a self-generated atmosphere can be seen in curve c, as the processes appear 
in a differentiated form. In the curve of the hydrate with lower water content (a) 
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the peak height corresponding to the dissolution in its water of crystallization 
decreases. On the other hand, another endothermic peak appears at 110-120 ~ 
which is not accompanied by a weight change. The processes preceding the dehy- 
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Fig. 6. T G  and D T A  curves o f  SrI2 .xH20 taken with a Der ivatograph.  Sample  weight:  a b o u t  
300 mg;  N2 stream, 20 1/hr. Curves  a and b: sample  holder:  crucible;  heat ing rate: 10~ 
Curve a: x ~ 2.9;  curve b: x ~ 6; curve c: labyrinth crucible,  heat ing  rate: l~  x ~ 6 

dration can be clearly distinguished in the curves of samples in the closed sample 
holder (Fig. 7). In the curve of the hexahydrate the sharp melting point (79 ~ 
is preceded and overlapped by an endothermic peak. Both peaks are reversible. 
In the case of the hydrate containing 2.9 molecules of water, a very sharp revers- 
ible endothermic peak appears at 110 ~ in addition to the peak mentioned above. 
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The presence of the melting peak of the hexahydrate indicates that the sample is 
a mixture of the hexahydrate and lower hydrate. The amount of SrI~ in the system 
is too great to remain in dissolved form after melting. The dissolution of the 
lower hydrate presumably occurs at 110 ~ 
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Fig. 7. DTA curve of SrI2.xH20 taken by DSC, in closed sample holder; sample weight: about 
9 mg, rate of heating: 5~ Curve a: x ,-~ 2.9; curve b: x -,~ 6 

SrCI2.6H20 and SrBrz.6HzO 

The results of experiments with SrC12.6H20 and SrBr.26H20 in the closed sample 
holder are given in Table 1. These compounds were earlier studied using open and 
labyrinth crucibles [2]. 

Discussion 

It is characteristic of calcium and strontium halides that, on heating, the hexa- 
hydrate melts in its water of crystallization, with the formation of a lower hydrate. 
The temperature of melting changes in the same direction as the ionic radius of 
the anion of the salt (Table 1), with the exception of SrI2.6H20. The melting point 
is also found to change in parallel with the ionic radius of the cation of the salt, 
if the corresponding compounds of  calcium (ionic radius 1.02 A) and strontium 
(1.20 A) are compared. The melting in the water of crystallization is essentially 
dependent upon the size of the hydrate shears of the ions composing the salt. 

In Table 2 the DTG peak temperatures of the dehydration processes are com- 
pared. In this case too there is a correlation between the peak temperature and 
the ionic radius of the anion. As stated previously in connection with some other 
compounds, the temperature of dehydration is proportional to the radius of the 
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Table 1 

DTA peak temperatures 

97 

Compound (Anion 
radius A) 

Peak temperature, ~ 

Closed ] Open 

crucible 

CaClz 
(1.81) 
CaBr2 
(1.95) 

CaI2 
(2.16) 

SrCI2 
(1.81) 
SrBr2 
(1.95) 
SrI2** 
(2.16) 

6 + 4  
4 + 2  
6 + 4  

4 

6 + 4  

6 + 2  

6 + 1  

6 + 2  

2 

29 
48 
32.5 
51 

41.5--45 
50--51 

63 

90 

70 
77 

107 

*30 [2] 
45 [2] 
30--33 

*60 
*40 

*60 (2) 

*90 (2) 

95 

Literature data 

28-- 30.2 
45.3 
34 
55 

42 

65 
95 

61.6 
65 
88.6 
91 

79 

References 

[51 
[5] 
[5] 
[5] 

[5] 

lSl 
[71 

[lO] 
[9] 
[8] 
[91 

I~91 

* On the basis of measurements with a labyrinth crucible 
** Measurement  in a stream of N 2 

a n i o n .  T h i s  f i n d i n g  is i n  a c c o r d a n c e  w i t h  t h e  a s s u m p t i o n  t h a t  a n i o n s  p l a y  a 

p r e d o m i n a n t  r o l e  i n  t h e  b i n d i n g  o f  w a t e r  m o l e c u l e s  w i t h  n e g a t i v e  p e r i p h e r a l  

c h a r g e .  

Table 2 

Change of peak temperatures as function of the ionic radius 

CaC12.2H20 
CaBr2.2H20 
CaI2.2H20 

SrC12.6H20 
SrBr2.6H20 

SrI2.6H20* 

Anion radius 
A 

1.81 
1.95 
2.16 

1.81 
1.95 

2.16 

Change in the number of molecules 
of H~O 

2 ~ 1 1 ~ 0  

120 ~ 130 ~ 
155 ~ 195 ~ 
170 ~ 255 ~ 

6--->2 2--+1 
60 ~ 95 ~ 
95 ~ 135 ~ 

6-->1 
195 ~ 

1 ---~ 0 
135 ~ 
200 ~ 

1 ---~ 0 
290 ~ 

* On the basis of measurement  in a 1'42 stream 

7 J. Thermal A n a l  10, 1976 



98 BUZ/~GH-GERE et al.: PROCESSES PRECEDING DEHYDRATION 

T h e  m e l t i n g  o f  c a l c ium b r o m i d e  h e x a h y d r a t e  is f o l l o w e d  by  an  e n d o t h e r m i c  

t r a n s f o r m a t i o n ,  wh ich  is a sc r ibed  to  the  t r a n s f o r m a t i o n  o f  CaBrz .4HzO.  

O n  coo l ing ,  a f te r  t he  me l t i ng  o f  c a l c i u m  i o d i d e  h e x a h y d r a t e ,  a h y d r a t e  w i t h  

l o w e r  wa te r  c o n t e n t  is f o r m e d ,  which ,  on  r e p e a t e d  hea t ing ,  p r o d u c e s  an  e n d o -  

t h e r m i c  d i s so lu t ion  peak .  

T h e  e n d o t h e r m i c  D T A  p e a k  a p p e a r i n g  fo r  the  l o w e r  h y d r a t e  o f  SrIz needs  

c lar i f ica t ion .  F u r t h e r  s tudies  o f  this  p h e n o m e n o n  are  in progress .  
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R~SUM~ -- Etude de la d6shydratation des bromures et iodures de calcium et de strontium 
hydrat6s par thermogravim6trie et par analyse thermique diff6rentielle. La fusion dans l'eau 
de cristallisation a 6t6 distingu6e de la d6shydratation en atmosph6re auto-g6n6r6e. Les rSsul- 
tats des courbes TG et ATD obtenues simultan6ment ont 6t6 v6rifids par des mesures effec- 
tu6es ~t l'aide d'un analyseur calorim6trique diff6rentiel (DSC) Du Pont. L'6tude a 6gale- 
ment 6t6 6tendue aux chlorures pr6c6demment 6tudi6s. On propose des corr61ations entre les 
temp6ratures de fusion ou de d6shydratation et les rayons ioniques des cations et anions re- 
spectifs. 

ZUSAMMENFASSUNG - -  Die Dehydratisierung yon Calcium- und Strontium-Bromid- und Jodid- 
hydraten wurde mit den Methoden der Thermogravimetrie und Differentialthermoanalyse 
verfolgt. Das Schmelzen im Kristallwasser wurde yon der Dehydratisierung in der selbst- 
erzeugten Atmosphfire getrennt. Die Ergebnisse der simultan erhaltenen TG- und DTA- 
Kurven wurden durch Messungen mit einem Du Pont DSC-Ger~it best~itigt, wobei die bereits 
schon untersuchten Chloride mit einbezogen wurden. Korrelationen zwischen den Schmelz- 
oder Dehydratisierungstemperaturen und den Ionenradien der entsprechenden Kationen 
und Anionen werden beschrieben. 

Pe31oMe - -  C noMon~bIo TepMoFpaBHMeTpHI~I l~I R~qb~epeHt[Ha~bHoro TepMI~tIeCKOFO anam,13a 
n3y~ena )1ern)lpaTau~a ra~paT~poBanrmlX 6poMrI~IOB, ~o~n2lOB raat,~n~ rI CTpOIII, I~. YlaaBaenae 
B ~pncTa~JIr~3aJa~oHno~ BO~e 6M~O oT~e~eHo OT 3errI~paTatlrn4 B caMorenepHpyeMo-~ aTMOC- 
dpepe. Pe3yJIbTaTt,I I(ptlBt,IX TF n ~ T A  o~I~ospeMeI~HO 6~,InrI npoBepem, i l,I3MepeHl,ISMl~I na )ii~qbqbe- 
perim~aabHora cI~aI~npyIomeM Ka~oprIMeTpe qb~IpMJ~I ~Ionom Iloc~eRnH~ MeTOII 6bIJI TaK~e 
pacnpocTparlen na panee n3yqenHbie xJ~opn~IbI, t-[pgaeReHbI roppe~flzan~ MeX~)Iy TeMrlepaTypof~ 
nsIaBJieH!~ l~Jnl )2ern~lpaTatlae~ ~ !,IOHHBIM pa)lrlycoM COOTBeTCTBytoILII4X KaTtlO/-IOB tt aurtOHOB. 
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