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The percentage of thermal dehydration and decomposition of ordinary and deuterated 
hydrates of barium acelate (tri- and monohydrates) were studied with a derivalograph and by 
DSC method. The observed phase transitions were identified and their corresponding enthalpy 
changes determined. The latter were compared with those estimated on thermodynamic data. The 
conclusions made on the dehydration process in correlation with IR spectra were used as 
information about the structure of the dehydrated water in the compounds investigated. The end 
product was also identified as barium carbonate. 

It is reported [1] that at 423 K dehydration of Ba(Ac)z3H20 into Ba(Ac)2 occurs. 
There are not other data on the dehydration of ordinary and deuterated hydrates of 
Ba(Ac)2nH20 n = 1,3 while the thermal decomposition of Ba(Ac)z is studied by 
several authors. On basis of thermodynamic data it has been determined [2] that 
Ba(Ac)z decomposes into barium carbonate and acetone and the reaction is of 
topochemical type occurring in the kinetic range. The mechanism of this process is 
discussed also in [3] and the products are identified by IR spectroscopy. The 
intermediates obtained have not been determined. 

The object of this investigation is to study the process of thermal dehydration and 
the decomposition of ordinary and deuterated hydrates of barium acetate by DTA 
and DSC methods. 

Experimental 

The primary compounds necessary for the experiment were obtained as follows. 
Ba(Ac)z-3H20: by double recrystallization of Ba(Ac)2 from solution at a 
temperature 278-288 K; Ba(Ac)z-3DzO: under the same conditions but from 
heavy water; Ba(Ac)2HzO and Ba(Ac)2DzO: at vacuum evaporation of the 
corresponding solutions at 298-303 K. 
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The hydrates obtained were identified by the determination of  barium and water 
contents gravimetrically. The TG and DTA curves were recorded with a sensitivity 

of  200 mg and rate of  5 deg/min up to a temperature 900 K. A derivatograph type 
MOM system was used. DSC curves proved to be in the temperature range 
273-500 K at a rate of 5 deg/min if recorded with Perkin-Elmer apparatus. IR 
spectra are at a range of 3600-400 cm - I  in KBr pellets and in 3600-1800 cm -1 in 
Hostaflon suspension. 
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Fig. 1 D T A  and T G curves of Ba(OOCCHa) 2 �9 3H20  (l) and Ba(OOCCH3) 2 - 3D20  (2) 

Results and discussions 

Thermal data for Ba(Ac)2 �9 3H20 and Ba(Ac)2- 3D20 are shown in Fig. 1, and 
DSC data of  the same compounds in Fig. 2. Figures 3 and 4 represent analogous 
curves for Ba(Ac)2"H20 and Ba(Ac)z- D20  , respectively and parts of  their IR 
spectra in Fig. 5. 

Thermal data as well as the estimated phase transitions are summarised in Table 
1. The determination of A H  ~ ph.tr. (estimated) is done as described in Ref. [4]. 

It is seen from DTA and T G  curves for Ba(OOCCH3)2.3H20 as well as for 
Ba(OOCCHa)2.3D20 (Fig. l) that under these experimental conditions no 
stepwise dehydration of  the compounds investigated is recorded. The dehydration 
process of Ba(Ac)2"3H2 O is observed in the temperature range 323-418 K 
(temperatures recorded on TG curves) and the maximum of the corresponding 
endoeffect is at 398 K, while for Ba(Ac)3 ' 3 D 2 0  that range is 313418 K with 
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maximum at 393 K. These data show that dehydration of  the deuterated analog 
starts at lower temperature than that for Ba(Ac)2 �9 3H20 and the difference is also 
observed on the curves obtained by a derivatograph at different heating rates. 

The information about the dehydration is further extended by the data of  the 
DSC curves for the trihydrate (Fig. 2). 
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Fig. 2 DSC curves  o f  Ba(OOCCH3)2.3H20 (1) and Ba(OOCCH3)2.3D20 (2) 
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Fig. 3 DTA and T G  curves  o f  Ba(OOCCH3)2.H20 (1) and Ba(OOCCHa)2.D20 (2) 
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The different experimental conditions of the calorimetrical investigations make it 
possible t'o record stepwise dehydration of the trihydrate. The temperatures of the 
dehydration process are a little lower than those, recorded by DTA and the 
difference between ordinary and deuterated trihydrates remain the same. 

The information about the character of the investigated phase transitions is 
fulfilled by data from the recorded enthalpies of dehydration of Ba(Ac)2 �9 3H20 and 
of Ba(Ac)2"3D20, compared with theoretically estimated ones for the case of 
dehydration water in gas phase or in liquid state. Those data compared in Table 1 
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Fig. 4 DSC curves of  Ba(OOCCH3)2-H2 O (I) and Ba(OOCCH3)2.D20 (2) 

465 V 
A 

l |  

" ' " 4 6 5  -5"3~ . . . .  

I I 
400 500 600 

I 
J I 
i I 
i I 

2470 
�9 25802630 ~ * v 

I I I 
2400 2600 2800 

V ~ c m  - I  

Fig. 5 Parts of  [R spectrum of  Ba(OOCCH3) 2 �9 H20 (I) and Ba(OOCCH3) 2 . D20 (2) 

J. Thermal Anal, 34, 1988 



T
ab

le
 1

 D
T

A
, 

T
G

 a
n

d
 D

S
C

 d
at

a 
fo

r 
B

a(
O

O
C

C
H

3
) 2

 �9
 n
H

2
0

 a
n

d
 B

a(
O

O
C

C
H

3)
2 

�9
 n
D

2
0

 (
n 

=
 1

, 
3)

 

Z
 

T
ra

n
sf

o
rm

at
io

n
 

D
S

C
 d

at
a 

T
, 

K
 

A
H

~
xP

'"
 

A
H

th
 ..

..
. 

k
J/

m
o

l 
T

, 
K

 

k
J/

m
o

l 
A

 
~ 

D
T

A
, 

T
G

 d
at

a 

/1
/~

/e
xp

. 
%

 
Am

th
eo

r. 
%

 

z �9
 

t"
 

�9
 

.<
 

>
 

B
a(

O
A

c)
 2 

�9
 3
H

2
0

 ~
B

a(
O

A
c)

 2
 +

 3
H

20
~1

 +
g)

 

B
a(

O
A

c)
2 

~
B

a
C

O
 3

 +
 C

H
3

C
O

C
H

 3
 

B
a(

O
A

c)
 2 

- 3
D

2
0

 ~
B

a(
O

A
c)

 2
 +

 3
D

20
~L

),~
 

B
a(

O
A

c)
 2 

~
B

a
C

O
 3

 +
 C

H
3

C
O

C
H

 a
 

B
a(

O
A

c)
2"

 H
2

0
 ~

B
a(

O
A

c)
2

 "
0

.5
H

2
0

 +
 0

'5
H

2O
tl

 +
#1

 

B
a(

O
A

c)
 2

 �9
 0
.5

H
2

0
 -

~
 B

a(
O

A
c)

2 
+

 0
.5

H
2

0
 

B
a(

O
A

c)
2 

--
,B

aC
O

 3
 +

 C
H

sC
O

C
H

a 

B
a(

O
A

c)
2 

�9
 D
2

0
 -

-,
B

a(
O

A
c)

2
.0

.5
D

2
0

 +
 0

.5
O

2O
tL

)c
~ I

 

B
a(

O
A

c)
 2 

�9
 0
.5

D
2

0
 -

~ 
B

a(
O

A
c)

2 
+

 0
.5

D
2

0
 

B
a(

O
A

c)
2 

~
B

a
C

O
 a

 +
 C

H
3

C
O

C
H

 3
 

38
3 

79
.6

0 
43

.8
 

15
6.

91
 

39
8 

73
8 

37
8 

49
.3

9 
47

.7
0 

18
6.

60
 

39
3 

73
3 

37
4 

33
.6

8 
21

.3
6 

65
.3

3 
35

3 

39
3 

72
8 

36
9 

18
.1

4 
14

.5
4 

59
.9

4 
35

8 

40
8 

72
8 

16
.3

6 

22
.1

0 

18
.4

3 

18
.7

6 

3.
25

 

3.
30

 

21
.1

4 

3.
65

 

2.
84

 

22
.1

0 

17
.4

7 

22
.7

0 

19
.0

4 

22
.7

0 

3.
29

 

3.
29

 

22
.7

0 

3.
63

 

3.
63

 

22
.7

0 

t-
 

�9
 

r~
 

-t
 7:
 

,<
 

rn
 

-]
 

~t
 

Z
 

4~
 



642 MANEVA, NIKOLOVA: CALORIMETRICAL INVESTIGATIONS 

enable us to draw the conclusion that, under the conditions of the calorimetrical 
investigations, the evaporation of the total quantity of water becomes difficult and 
there are solid, liquid, and gaseous phases in the system at the same time. But while 
for Ba(OOCCH 3)2" 3H20 the dehydrated water evaporates to a greater extent, for 
the deuterated analog it is entirely in liquid state. An evidence for that is the 
recorded AH~h., which is near to the estimated one for the case when AH~,~ stands 
for water. The difference of the behaviour of the two hydrates can be explained by 
the different values of AH~vap" for ordinary and deuterated water. 

DTA and TG data for Ba(Ac)z-H20 and for Ba(Ac)2.D20 (Fig. 3) are 
analogous and are characterized with two endoeffects: two steps which can be 
explained as follows: 

B a ( O O C C H 3 )  2 �9 H 2 0  - -~Ba(OOCCH3)  2 �9 1 / 2 H 2 0  - * B a ( O O C C H 3 )  2 

and analogously for Ba(OOCCH3) 2 �9 D20. This type of dehydration is confirmed 
also by the decrease of the weight, which corresponds to two steps on TG. For the 
deuterated hydrate, this decrease is lower by 0.8% for the second step than the 
theoretical one which is due to the presence of traces of DOH because of isotope 
interchange during the experiment. 

The first step of dehydration for ordinary monohydrate occurs in the 
temperature range 343-363 K (recorded by TG) and with maximum in the DTA 
curve at 353 K~ while the second--in the temperature range 363-423 K with 
maximum 393 K. The effects for the deuterated hydrate are analogous, but start at 
higher temperature--by 5 ~ for the first step and by 15 ~ for the second step, i.e. the 
relationship is reversed to that observed for the trihydrate. This fact can be 
considered as a proof for the fact that hydrate water in the crystal structure of the 
monohydrate is bound to the anion by hydrogen bonds. The information about the 
character of these bonds is supported by the facts observed on the stepwise 
dehydration of Ba(OOCCHa)2"H20 and Ba(OOCCHa)2-D20 during which 
Ba(OOCCH3) 2 �9 1/2H20 is obtained. The recording of this intermediate hydrate 
can be explained by the presence of different kinds of hydrogen bonds, namely: 
CHaCOO~H20 and H20--H20.  The conclusions made on the basis of the 
thermal investigations correlate quite well with IR spectra (Fig. 5). The split 
observed in the stretching vibrations (DO) of the deuterated hydrate at 2470, 2580, 
2630 cm- 1 is a characteristic spectroscopical criterion for the participation of water 
molecules in two kinds of hydrogen bonds, i.e. for the asymmetry of the water 
molecule [5]. The observed librational frequency vii b = 530 cm -1 for 
Ba(Ac)2 �9 H 2 0  indicates the lattice nature of the hydrate water [6]. The analogous 
vibration for Ba(Ac)z'D20 is not observed because it is out of the observable 
region. 
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The information about the dehydration process of the monohydrate is supported 
with DSC data and the recorded enthalpies and phase transitions are compared 
with the estimated ones (Table 1). The data show that the quantity of released water 
in the dehydration of Ba(Ac)2 �9 D20 is almost entirely in liquid state in analogy with 
the trihydrate. 

The data in Figs 1 and 3 show that the resultant dehydrated salt is stable up to 
683 K. After that the TG curves show a sudden decrease of weight by 22.1% .up to 
798 K. That corresponds to the following thermal decomposition:, 

Ba(OOCCH3) 2 ~BaCO 3 + CH3COCH 3 

That scheme is confirmed by the defractogramm of the solid product obtained-- 
barium carbonate (calcite modification)--and corresponds to the one reported in 
Ref. [2] where it has been prooved that this process is thermodynamically preferable 
in comparison to others. 

Fig. 6 Electron microscopic picture of BaCO 3 prepared by thermal decomposition of 
Ba(OOCCHa) 2 �9 3H20 (x 3400) 

The endoeffect of the decomposition of Ba(Ac)2 shows a maximum at 728 K. It is 
of interest, however, to point out the little observable effect at 798 K, which is not 
connected with any change of weight. Its corresponding temperature is very low 
and one cannot expect that polymorphic conversion of barium carbonate occurs. 
Electron microscopy is applied for analysing the latter and the average size of the 
particles of the barium carbonate are 3-5 ~m (Fig. 6). These data are of interest 
because they show an opportunity for preparation of BaCOa through thermal 
decomposition of barium acetate. 

Zmammenfassung - -  Mittels DTA- und DSC-Methoden wurde das Verh~iltnis von Dehydrierung und 
Zersetzung normaler und deuterierter Hydrate von Bariumazetat (Tri- und Mouohydrate) unter- 
sucht. Die beobachten Phaseniiberg/inge wurden identifiziert und die dazugeh6rigen 
Enthalpiever/inderungen bestimmt. Letztere wurden mit den auf der Grundlage thermodynamischer 
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Daten gewonnenen Sch~itzwerten verglichen. Die aus den Dehydrierungsprozessen und den IR- 

Spektren gezogenen SchluBfolgerungen dienen zur Erkenntnisgewinnung fiber die Struktur des 

dehydrierten Wassers in den untersuchten Verbindungen. Das Endprodukt der Zersetzung ist 

Bariumcarbonat. 

Pe31oMe - -  MeTO~OM ~ T A  u ~CK 6bia HByqen npottecc TepMHtIeCKoH ~erEulpaTattntt ri paaJlox<erlna 

MOnO- n TparnapaTa atteTaTa 6apna I~ ero ~efireponpoH3aoaHb~x. HztenTnqbmmpoBanbI na6mo- 

aaeMue qbaaoBble nepexo~,x rl onpe~e~enu ~aa~ HHX HaMenenna 3Hra~bnnn. HocJle~Hne 6blaH 

conocTaB.qeltl,i c TarOaUMrl, Hafiaenal, IMlt Ha ocnoae TepMojInrlaMliqecrrix aaunux.  Caezauu 

3arJllOqenna o npot~ecce aern;tpaTatmn, roTopsle roppemtpoBa.ancs c HK-cnerTpocronnqecrnMri 

aannuMn o cTpyrrype rn~paT,o~ no~tbl. Koue~nuM npoayrTOM TepM~,tecroro paBaoxenna ssnazca 

rap6onaT 6apna. 
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