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ABSTRACT

Non-isothermal studies of the dehydration of double salt hydrates of the type
K,AB,-M(DSO,.-6H,O0 where AB,=BeFZ~ or SeOZ~ and M(II)=Mg(D,
Co (1), Ni(II), Cu(Il) or Zn(dI) and their D,O analogues were carried out. Thermal
parameters like activation energy, order of reaction, enthalpy change, etc., for each
step of dehydration were evaluated from the analysis of TG, DTA and DTG curves.
These parameters were compared with the corresponding double sulphate, i.e.,
K,SO;-M(IISO,-6H,0 and their D,0 analogues. The role of divalent cation on
the thermal properties of dehydration of the salt hydrates and also the effect on the
thermal properties due to deuteration were discussed. The order of reaction was
always found unity. The values of AH were within ~ 11—~ 19 kcal mol ™ 1.

INTRODUCTION

Recently, we reported the derivatographic studies on dehydration of double
salt hydrates of the type M(I),SO,-M(ID)SO,-6H,0 where M) = NH,{)?,
K@M? Rb@)? Cs(M* or TI(T)* and M(II) = Mg(I), CodI), Ni(II), Cu(dl) or
Zn(1I) and their D, O analogues. These studies state that the thermal properties are
effected with change of monovalent cation of the double salt hydrates. In continuation
to these works the present paper dcals with the dehydration of double sait hydrates of
the type K(I),AB,-M(II)S0O,-6H,0 where AB; =35e0;~ or BeFi~ and M(JD) =
Mg(I), Co(II), Ni(II), Cu(l) or Zn(1l) and their D,O analogues to observe the
effect in thermal properties with change of anion. The present paper reports the values
of activation energy of dehydration processes evaluated from TG, DTA and DTG
curves simultaneously, order of reaction from TG, enthalpy change from DTA peak
area and thermal stability from first DTG peak temperature. It also reports the effect
of deuteration on the thermal properties and a comparison on the thermal properties
between the two types of salt hydrates, i.e., K,;BeF,-MSO,-6H,0 and K,SeO,-
MSO,-6H,0 studied in the present paper and a general comparison with K,SO,-
MSO,-6H,O0. It reports also the role of divalent cation of each type of salt hydrate
on the thermal properties of dehydration.
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EXPERIMENTAL

Preparation of potassium fluoberyllato sulphate hexahydrates of Mg(Il),
Co (1), Ni(Il), Cu(I) and Zn(II) (These sait hydrates are abbreviated as ‘A’):

The salt hydrates were prepared by mixing equimolecular mixtures of potassium
fluoberyllate and metal sulphates, following the method of Ray and Sarkar®-?. The
salt hvdrates were crystallised from the above mixture by slow evaporation. The D,O
analogues of the salt hyvdrates were prepared by dissolving equimolecular mixtures of
anhvdrous single salts in D,0O and subsequent crystallisation.

The reagent potassium fluoberyllate was prepared in the laboratory in the
following way: For the preparation of potassium fluoberyllate, ammonium fluo-
beryllate was prepared following the method of Ray et al.®. This ammonium fluo-
beryllate was converted into its acid form, i.e., H,BeF, by passing the molar solution
of ammonium fluoberyllate through a cation exchanger. The free acid thus obtained
was concentrated by keeping it in a lime desiccator. The strength of the resultant acid
was measured by simple acid-base titration and a requisite amount of K,COj5 was
mixed to obtain the desired salt after evaporation. The beryllium and fluorine content
of the salt was analysed following the standard methods before use.

Preparation of potassium selenato sulphate hexahydrates of Mg(Il), Co(Il),
Ni(II), Cudl) and Zn(II) (these salt hydrates are abbreviated as ‘B’):

The salt hydrates were prepared by the procedure adopted by Gerichten® and
the corresponding D, O analogues were isolated following the method adopted earlier.

The salt potassium selenate was prepared in the iaboratory by adding a requisite
amount of K,CO; to the reagent grade of selenic acid solution and followed by
crystallisation. The salt potassium selenate was analysed before use.

A Paulik-Paulik-Erdey MOM derivatograph had been used for thermal
analysis. A platinum crucible was used and the heating rate was 1.5°C min~!. The
particle size of the samples was within 150-200 mesh. The volume of the sample in
each case was nearly the same.

RESULTS

Figure 1 show:s the derivatograms of K, AB,-MgSO, -6H,0. The fluoberyllate
Ioses water molecules in a single step, whereas, the selenate loses water molecules in
two steps. The first step corresponds to four molecules of water and the rest is eli-
minated in the second step. The similar fluoberyllaie and selenate of Co(Il) loses
water molecules like the salt hydrate, K,SeO,-MgSO,-6H,0, which is indicated
from their TG curves but the DTG curve for the first step of dehydration of the
selenate indicates the existence of thermally unstable salt hydrates (Fig. 2). The salt
hydrate K,BeF,-NiSO,-6H,0 loses water molecules like that of Mg(Il) (Fig. 3).
Similarly, the selenate loses water molecules upon heating like that of Mg(II) (Fig. 3).
Whereas, its D,O analogue (Fig. 3) loses D,0O molecules as follows: K,SeO,-NiSO, -
6D.0 — K,SeO,-NiSO,-1.5D,0 — K,SeO,-NiSO,. Figure 4 shows the derivato-
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grams of K,AB,-CuSO,-6H,0 and its D,0 analogues. The fluoberyllate loses its
H,0 molecule on heating like that of Co(II) indicated from its TG curve. Butits DTA
and DTG curves for dehydration of the first four molecules of water indicate the
existence of another thermally unstable intermediate salt hydrate. On deuteration the
nature of dehydration seems unaltered from its TG curve. But the corresponding
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Fig. 1. Derivatograms for the dehydration of K;BeF - MgSO4-6H,O0 (- ) and K;SeO4- MgSO,-
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DTA and DTG curves for the elimination of the first four molecules of D,O do not
show any sign of the existence of an intermediate salt hydrate but show an additional
intermediate thermally unstable deuterated salt hydrate during the elimination of the
last two molecules of D,O. The selenate loses water molecules as follows: K,SeO,-
CuSO,-6H,0 — K,Se0,-CuSO,-1.5H,0 — K,Se0,-CuS0O,-0.5H,0 — K,SeO;,-
CuSO;. The nature of dehydration is effected on deuteration as follows: K,SeO,-
CuS0,-6D,0 — K,Se0,-CuSO,;-2D,0 — K,;Se0,4-CuSO,. Figure 5 shows the
derivatograms of K,AB;-ZnSO,-6H,0O. The fluoberyllate shows a single step
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Fig. 5. Derivatograms for the dehydration of K.BeF.-ZnSO,-6H.O ( ) and K.Se0,-ZnSO."

6H.O (— — ).

dehydration, whereas, the selenate shows a two-step dehydration like that of Mg(II).
The D,O analogues of the above salt hydrates whosc derivatograms are not shown,
do not show any noticeable variation in the nature of dehydratior. The DTG peak
temperatures and the temperature ranges of dehydration of the double salt hydrates
of ‘A’ and ‘B’ and their corresponding D,O analogues are tabulated in the Tables 1
and 2, respectively. Enthalpy changes for each step of dehydration are evaluated by
the method of Sano!® using copper sulphate pentahydrate as the staadard and the
values are tabulated in Tables 1 and 2. AH values are evaluated from the overall area
of the DTA curves, where the DTA curves overlap too much. The activation energies
for each step of dehydration of the salt hydrates and their D,O analogues are
evaluated from the analysis of TG curves using Freeman and Carroll’s'! equation.
The results are tabulated in Tables 1 and 2 and the corresponding curves are shown
in Figs. 6, 9 and 10. The activation energy for each step of dehydration was also
determined from the analysis of DTG curves using the method of Dave and Chopra!?
and the methods used ir our earlier work® and also from the analysis of DTA curves
using Borchardt’s!3 equation for first order reactions. All these values are tabulated
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Fig. 6. Piots of A log (d«c/dr)/A log W, vs. AT~ /A log W, x 10> from the TG curves for the dehydra-
tion of K3BeF -MgSO 6H,0 — K;BeF-MgSO. (1), K:BeFi-MgS0,-6D;0 — K;BeF,-
MgSO, (), KaiBeF - CoSO.-6H;0 — K;BeF - CoSO,-2H;0(1Ia), K;BeF4-CoSO,-2H,;0 —
K:BeF,.-CoS0.(1Ib), K:BeF,-Co0S0,-6D,0 — K.BeF,-C0S0,-2D.0(1I'a), K,BeF.-CoSO,-
2D.0 — K;BeF.-CoSO.(I'b), K:BeF(-NiSO,-6H.0 — K;BeF, - NiSO.(ID, K:BeF-NiSO.-
6D.0 — K;BeF, - NiSG,. (1), K,;BeF - CuSO,-6H.0 — K,;BeF,-CuSO,-2H;0(1Va), K;BeF.,-
CuSO,-2H,0 — K3;BeF,-CuSO.(I1Vb), K;BeF(-CuSO,-6D,0 — K:BeF -CuSO,-2D.0O{IV’a),
K;BCF" CuSO;"’D;O - KzBCF.;’ CuSO‘(IV'b), K;BCF"ZDSO." 6H20 - KzBCF."ZDSO‘(V)

aﬁd KzBCF" ZnSO;' 6D20 -—> K;BCF" ZnSO;(V').

log i o=~

T'x10® —

Fig. 7. Arrhenius plots of log k vs. T—1 % 103, from the DTG curves for the dehydration of K;BeF-
MgSO4-6H;0 — K;BeF - MgSO,(T), K;BeF - MgS0O,-6D,;0 — K;BeF - MgS0. (1), K;BeF,*
C0S0.°2H,0 — K;BeF,-CoSO.(IIb), K;BeF - CoSO,-2D,0 — K;BeF,-CoSO,(1I'b), K;BcF-
NiSO.-6H,0 — K:BeF,-NiSO. (1), K;BeF,-NiSO, 6D,0 — K,;BeF.-NiSO.(II"), K,BeF.-
CuSO0,-2H,0 — K:BeF,.-CuSO.(IVb), K BeF,-CuSO,-6D,0 — K.BeF,-CuSO,-2D.0(V’3),
K;BeF - ZnS0,- 6H;0 — K;BeF-ZnS0 (V) and K;BeF-ZnSO,-6D;0 — K:BeF-ZnSO,(V")-
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Fig. 8. Arrhenius plots of log k vs. T—! < 10® from DTA curves for the dehydration of K;BeF,-
MgSO"GH;O —> KzBeF4' MgSO;(D, KzBeF4' MgSO“ 6D;0 —> K2B8F4' BfgSO;(]')- KzBeF"
Co0S0,-2H,0 — K;BeF - CoS0.(11b), K;BeF,-CoS0O,-2D.,0 — K,;BeF;-CoSO.(1'b), K,BcF,-
NiSO,-6H20 — K;BeF - NiSO(III). K;BeF,-NiSO4-6D,0 — K:BeF NiSO,{II"), K;BeF,-
CUSO"ZH;O -—> KIBCF" CUSO‘(IVb), K;BCF" CUSO4'6D10 -—> KIBCF" CU.SO" 2D20(IV’a),
K:BeF-ZnSO0,-6H;0 — KyBeF - ZnSO. (V) and K.BeF(-ZnSO.;-6D,0 — K;BeF,-ZnSO.(V’).
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Fig. 9. Plots of A log (diw/df)[A log W, vs. AT~ /A log W, x 10* from the TG curves for the dehydra-
tion of K;SeO4- MgSO,4-6H,0 — K;SeO4 - MgSO4-2H,0(1a), K,SeO4- MgS04-2H,0 — K,SeOy
MgSO.(Ib), K;S¢0, CoS0.-6H,0 — K,;S5¢0, - CoSO.-2H,0(Ia), K;SeO,-CoS0,-2H, 0O —
K.Se0,CoSO.(Ib), K.SeO, NiSO,-6H. O — K.:SeO,-NiSO,-2H,00Ia), K,SeO - NiSO,-
2H,0 — K;Se0,- NiSO, (I1Ib), K;SeO, CuSO,-6H,0 — K;5¢0,-CuSO,-1.5H,0(1Va), K;SeO,-
ZnSO04-6H,;0 — K2SeO0.-ZnS0,-2H,0(Va) and K;Se0,-ZnS0,4-2H:0 — K504 ZnSO,. (VD).
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Fig. 10. Plots of A log (dic/dr)/A log W, vs. AT~ /A log W, % 103 from the TG curves for the dehydra-
tion of K2Se0.-MgS0,4-6D:.0 — K.SeO,- MgS0,-2D,0(1°a), K:SeO4- MgS0,4-2D;0 — K;SeOy-
MgSO,.(1'b), K-SeO,-CoS0,-6D0 — K;SeQ,  CoS0,-2D,011%2), K2SeO;-CoS04-2D,0 —
K.SeQ,; - CoSO(I1D), K:SeO,-NiS0;-6D:0 — K:Se0.-NiSO,-1.5D,011"a), K;ScO.-NiSO.-
1.5D:0 — K3ScO,-NiSO.(II'b), Ka1SeO,-CuS0,-6D;0 — K.SeO - CuSO,-2D,0(IV’a),
KzSeO" Cu504' 2D;0 -—_ K;SCO.;' CUSO‘ (l \,Ib), Kzseo.;' ZnSO;‘ 6D20 —_ KzSCO;' ZnSO“
2D20 (—V-:a) and K;SCQ"Znsﬁ" 2D20 — K;SCO"ZDSO‘(‘V"b).
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Fig. 11. Arrhenius plots of log k vs. T— ! x 102 from the DTG curves for the dehydration of K,SeO,-
MgS0,-2H,0 — K.SeO,- MgSO,(Ib), K1:SeO,- MgSO,-2D,0 — K35¢0,- MgS0.(I'b), K15¢0,"
COSO"2H;O — K;SCO;' COSO;(Ilb), KzS€04° COSO.;'ZD:O —_ Kzseo.;' COSO;m’b), K;Sco“
NiSOQ;:-6H.0 — K.SeQ.-NiSO.-2H.0dIla), K.SeO,-NiSO,-2H,0 — K.,SeO.-NiSO.(IIb),
K.SeO,.-NiSO,-1.5D.0 — K;Se0, NiSO.(III'b), K:S¢0,-CuSO0,-2D;0 — K:5¢0,-

CuSO‘(IV'b), K2S¢04-ZnS04-6H,0 — K3SecO4-ZnS04-2H,0 (Va), K;Se04-ZnS0O4-2H,0 —
K2S8¢0.- ZnSO(VD), K;5¢0,- ZnSO,- 6020 — K150, ZnS0,-2D,0(Va) and K3S¢04-ZnSO.-

2D>20 — K15¢04°-ZnS0, (VD).
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Fig 12. Arrhenius plots of logk vs. 77! from the DTA curves for the dehydration of K,SeQ,-
MgSO,-6H;0 — K:SeO,-MgS0,.-2H.0(1a), K,SeO, - MgS0,:-2H:O — K:SeO,-MgS0,(Ib),
K3Se¢04-CoSO,- 6Hzo g KZSCO" COSO;'ZH;O (iIa), KzSCO"COSO" 2H10 —_— KJ_SCO"
COSO,‘(IIb), K25604‘ Ni504' 6H20 — K25604' NiSO.;' 2H20(Illa), K;SCO" NiSO;' 2H20 >
K:ScO4-NiSO (I1Ib). K:SeO,-CuSO.:1.5H.O0 — K;S20,°CuSO,-0.5H;004Vb), K.SeO,.-
ZnSO" 6H20 —_ Kzseo" ZnSO" 2H20 (Va) and K;SCO" ZnSO" 2H20 - K;SCO" ZHSO4 (Vb).

logk ~

Fig. 13. Arrhenius plots of logk vs. T7-! from the DTA curves for the dehydration of K;SeO,-
MgS50,°6D,0 — K,5e¢05° MgS0,-2D,0(I2), K;Se05- MgS0,-2D,0 — K.SeO4- MgSO(I°D),
K:Se04°CoSO,-6D,0 — K.SeO,-Co0S0.,-2D.0(11'a), K,Se0,-C0S0.:-2D,0 — K,SeO,
CoSO0,.(II'D), K:S¢0,.°NiSO,-1.5D;0 — K.:SeO, NiSO.(II'L), K.SeO,-CuS0,-2D.0 —
K:SeO,-CuSO,(AV'D), K:Se0,-ZnS0,;:6D;0 — K.,Se0,-ZnS042D,0(V’a) and K.SeO,-
ZnS0,°2D;0 —» K,5e¢0,°ZnS0,. (VD).
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in Tables 1 and 2 and the corresponding Arrhenius plots are shown in Figs. 7, 8 and
11-13. The order of reaction for each step of dehydration was found to be unity. The
IR spectra of the salt hydrates and their D,O analogues are taken to ensure the
deuteration of the hydrates to the desired extent. X-ray diffraction patterns show that
the salt hydrates and their corresponding D,O analogues are isomorphous to each
other.

DISCUSSION

The nature of dehydration of the salt hydrate of Mg(II) of ‘A’ differs from the
corresponding salt hydrate of ‘B’ and also from that of ‘C’ studied earlier?, where
‘C’ denotes K,SO,-M(IDSO,-6H,0. Our earlier work showed that the salt hydrate
of Mg(II) of ‘C’ lost D,O molecules in single step on deuteration like the cor-
responding salt of “A’, instead of in three equal steps. But the salt hydrates of ‘A’ and
‘B’ of Mg(II) do not show any change in the nature of dehydration on deuteration.
The thermal stability with respect to the first DTG peak temperature of this salt
hydrate of ‘A’ is high in compariso.. to that of ‘B’. It is observed that the thermal
stability of the corresponding salt hydrate of ‘C’ is lowest with respect to that of ‘A’
and ‘B’. On deuteration thermal stabilities of the salt hydrates of ‘A’ and ‘B’ remain
unaltered, whereas, the thermal stability of the corresponding deuterated salt hydrate
of ‘C’ increases and becomes equal to that of “‘A’. The activation energy* of dehydra-
tion of the salt hydrate of ‘B’ is high in comparison to that of ‘A’ and is equal to that
of ‘C’ studied already by us. On deuteration the value of the activation energy
decreases slightly in both the sait hydrates of Mg(II) of ‘A’ and ‘B’ but decreases
noticeably in the case of the corresponding salt hydrate of ‘C’. Thereby, the value of
activation energy of dehydration of Mg(II) salt hydrate of ‘A’ becomes equal to that
of C. The enthalpy change of dehyvdration of this salt hydrate of ‘B’ is greater than
that of ‘A’. It is noticed in our earlier work that this value of the corresponding salt
hydrate of ‘C’ is lowest with respect to the other two types. On deuteration these
values increase.

The nature of dehydration of the double salt hydrate of Co(Il) of ‘A’ is similar
to that of ‘B’ and also to that of ‘C’ as observed from TG. But the DTA and DTG
curves for the first step of dehydration of this salt hydrate of ‘A’ show two peaks
indicating the existence of an unstable intermediate. Whereas, for the corresponding
salt hydrate of ‘B’, DTG curves for the first step of dehydration show a shoulder
accompanied by a peak indicating here also the existence of an intermediate, although
the corresponding DTA curve does not respond well to the inference drawn from the
DTG curve. On deuteration, a similar phenomenon is observed in the corresponding
salt hydrate of ‘A’, whereas, in the case of the corresponding salt hydrate of ‘B’
another shoulder which is not prominent in the DTA curve is observed in the DTG
curve during the first step of dehydration in addition to that of its H,O analogue.

*Average of the values obtained from TG, DTA and DTG curves.
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The thermal stability with respect to the first DTG peak temperature of this salt
hydrate of ‘A’ is slightly high in comparison to that of ‘B’ and is close to that of ‘C’.
The corresponding D,O analogues do not show any variation in thermal stability.
The value of activation energy of dehydration of this salt hydrate of ‘B’ is high in
comparison to that of ‘A’. It is observed that both values are high in comparison to
the value evaluated from that of ‘C’. The value decreases in the corresponding salt
hvdrate of ‘B’ and remains the same in ‘A’ on deuteration and order with respect to
the present deuterated salt hydrates and that of ‘C’ follows as: ‘A’>‘'C’>‘B’.
Activation energies for the second step of dehydration of salt hydrate of ‘A’ and ‘B’
are close and the similar value is also obtained in the corresponding step of dehydra-
tion of ‘C’. It is observed that the value of activation energy for the second step of
dehydration of the deuterated salt hydrate of “C’ decreases. This decrease in the value
of activation energy due to deuteration observed in the case of the salt hydrate of ‘A’
shows no change in the activation energy value on deuteration. The enthalpy changes
of dehydration of these salt hydrates and their D,O analogues do not differ much
and the values are close to that of ‘C’. It is observed in our earlier work that
K,Co(SO,),-2H,0 is thermally stable. This type of thermal stability is observed in
the case of the corresponding dihydrates of “A’ and “B’.

The nature of dehydration of the salt hydrate of Ni(II) of ‘A’ differs from that
of ‘B’ and also from that of ‘C’ studied earlier. The corresponding salt hydrate of ‘C’
lost five and half molecules of water in the first step and the remaining half molecule
in the second step. Similar nature of dehydration is observed also on deuteration.
Like the salt hydrate of ‘C’ the present deuterated salt hvdrate of ‘A’ loses D,O
molecules similar to its H,O analogue, whereas, this similarity in the nature of
dehydration is not observed in the corresponding salt hydrate of ‘B’. The thermal
stability with respect to first DTG peak temperature of the salt hydrate of ‘A’ is high
in comparison to that of the salt hydrate of ‘B’ and is close to that of ‘C’. It is noticed
that the thermal stability of the sait hvdrate of ‘C’ remains unaltezed on deuteraticn.
Here a similar pkenomenon is observed, though the deuterated salt hydrate of ‘B’
eliminates D,0O molecules in a different fashion in comparison to its H,O znalogue.
The activation energy of dehydration of this salt hydrate of ‘B’ is close to that of ‘A’
and is high with respect to that of ‘C’ studied earlier. On deuteration of the salt
hydrate of ‘B’ the value of activation energy decreases (37.1 — 30.6). Whereas, the
value of that of ‘A’ remains unaltered like the corresponding deuterated salt hydrate
of ‘C’. The values of enthalpy changes of dehydration of the sait hydrates of ‘A’ and
‘B’ are close and these are also close to that of ‘C’.

The nature of dehydration of the Cu(lIl) salt hydrate of ‘A’ is apparently
similar to that of ‘C’ ard unlike that of ‘B’. The salt hydrate of ‘C’ showed a shoulder
accompanied by a prominent DTA peak duning the dehydration of the first four
molecules of water and two overlapped DTA peaks for the elimination of the last
two molecules of water indicating the existence of a more thermally unstable inter-
mediate. Its DTG curve also supported the above fact. Whereas, the salt hydrate of
‘A’ shows two peaks overlapped to each other, for the elimination of the first four
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molecules of water and shows a single peak in DTA curve for the elimination of the
Iast two molecules of water. It was noticed that none of the intermediate salt hydrates
of Cu(@l) of ‘C’” was thermally stable. It was also noticed that the D,O analogue of the
salt hydrate of ‘C’ showed two peaks overlapped by each other for the elimination of
the first four molecules of D, 0O and showed DTA peaks for the elimination of the last
two molecules of D,0 like its H,O analogue, but the peaks were weak in resolution.
Here also this type of change on deuteration occurs in the case of the salt hydrate ‘A’.
whereas, a prominent change appears in the case of the deuterated salt hydrate of ‘B’.
The thermal stability of the Cu(II) salt hydrate of ‘B’ with respect to the first DTG
peak temperature is slightly high in comparison to that of ‘A’ and is close to that of
‘C’. On deuteration the thermal stability of the salt hydrate of ‘B’ remains almost the
same like that of ‘C’, whereas, the thermal stability of that of ‘A’ decreases slightly.
The activation energy for the first step of dehydration of the Cu(@I) sait hydrate of
‘B’ is close to that of ‘C’ and is appreciably low in comparison to that of ‘A’. It is
noticed that the Cu(II) salt hydrates of ‘A’, ‘B’ and ‘C’ do not show any change in
the value of activation energy due to deuteration, though D,O effects the nature of
dehydration. The enthalpy change for the first step of dehydration of the salt hydrate
of ‘B’ is close to that of ‘C’ and is high in comparison to that of “A’. The enthalpy
changes of dehydration of the salt hydrates of ‘A’ and ‘B’ increase on deuteration,
whereas, a slight decrease in the value of enthalpy change was observed in the
corresponding salt hydrate of ‘C’.

The nature of dehydration of the sait hydrate of Zn(1II) of ‘B’ is similar to that
of the corresponding salt hydrate of ‘C’ but unlike to that of ‘A’. Neither of the salt
hydrates of Zn(11) shows any change in the nature of dehyvdration due to deuteration
like that of “C’. The thermal stability with respect to first DTG peak temperature of
this salt hydrate of ‘A’ is close to that of ‘C’ studied earlier and is high in comparison
to that of ‘B’. The thermal stability of the D,Q analogues also remains practically
same. The dihydrate of the salt hydrate of ‘B’ is more thermally stable than that of
‘C’. The values of activation energies of dehydration of the present salt hydrate of
Zn(II) are close to each other but the values are low in comparison to that of ‘C’. On
deuteration the values remain unaltered like the salt hydrate of “C’. The value of
enthalpy change of dehydration of the salt hydrate of Zn(II) of “B’ differs from that
of ‘A’ and also from that of ‘C’ and the order is as follows: ‘B’>°‘A’>‘C’. On
deuteration the value for *A’ is close to that of ‘C’ and the value of ‘B’ increases to a
certain extent, i.e., 14.1 to 18.4 kcal mol~ .

It is observed that the nature of dehydration and also the thermal parameters
of the salt hydrates K,SO,-M(I)SO,-6H,0 and their D,O analogues change with
the replacement of one sulphate anion which is Jinked to the monovaient cation, i.e.,
K@), by SeO2~ or BeF2 . It is also observed that the thermal stabilities of the salt
hydrates of ‘A’ are higher than those of the other salt hydrates of ‘B” and ‘C’ in most
of the cases. It is noticed, that where the salt hydrates of the same metal(II) lose H,O
or D,O molecules in a similar fashion, thermal parameters become close to each other.
Although, this is not observed in the case of Zn(II). The nature of dehydration of the
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Cu(Il) salt hydrate of ‘B’ is not similar to that of ‘C’, but their thermal parameters
are very close to each other. On deuteration the thermal properties of the salt hydrates
of ‘A’ and ‘B’ are effected except the salt hydrate of Zn(II), whereas, this effect was
less in the corresponding salt hydrate of ‘C’.

The first DTG peak temperatures of the salt hydrates of “A’ show the following
order in thermal stability: Ni(ID>Mg(D>Zn(I)>Co(I)>Cu(Il). The same
order is almost maintained in their D,0O analogues. Similarly the first DTG peak
temperatures of the salt hydrates of ‘B” show the following order of thermal stability:
Ni(II)> Mg(II)> Co (IT) = Cu(II) = Zn(II). Here also their D,0 anaiogues show no
change in the order of thermal stability. The order of thermal stability of the salt
hvdrate of ‘A’ is maintained in the corresponding deuterated salt hydrates of ‘C’
where this is not maintained properly in ‘B’.

The activation energy for the latter step of dehvdration gives a larger value than
the earlier. This phenomenon is observed in our earlier works'~> and also in
Tsuchiya’s!* work. The order of the value of activation energies of the salt hydrates
of *C’ is not maintained in both “A’ and “B’.

t is observed that the values of enthalpy change of dehydration of sait hydrates
of ‘A’ and ‘B’ ranges from ~ 11-~19 kcal mol ™. There is little effect on the value of
AH on deuteration.

The differences in the value of the thermal parameters are due to different states
of bonding between the two elements of the anions of SO2~, SeO~ and BeF2-,
although these anions have the same size and symmetry.
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