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Dehydration of double salt hydrates of the type M(I),SO,-M(II)SO,-6H,O 
where M(I)=Rb(I) and M(II)= Mg(II), Mn(II), Co(II), Ni(II), Zn(rI) and Cu(Ir) 
has been studied by derivatograph. ThermaI parameters Iike ac:ivation ener_ey, order 
of reaction, enthalpy change etc. for each step of dehydration have been evaluated 
from the anaiyses of TG, DTA and DTG curves and these parameters are compared 
with the corresponding salt hydrates of the NH,(I) and K(T) series. These double salt 
hydrates are deuterated and studied similarly. Activation energies for the first step of 
dehydration of these salt hydrates increase with the increase of second ionisation 
potential of the central meta except for Mg. The nature of dehydration changes in the 
cases of double saIt hydrates of M_g(Il) and Ni(II) on deuteration. The order of 
reaction for each case of dehydration has been found to be unity. The enthalpy change 
per mole of water varies from 11.4 to 17 kcal. 

Recently, sve reported non-isothermal studies of the dehydration of double 
saIt hydrates of the type M(I)2S0,-M(II)S0,-6H20 where M(I) = NH&)’ or 
K(I)’ and M(H) = M&II), Mn(II), Co(H), Ni(II), Ct.@), Zn(I1) or Cd(I1) and their 
D20 analogues In continuation to these works the present paper deals with the 
dehydration of similar double salt hydrates of the Rb(1) series and their D,O 
analogues. The present paper reports the values of activation energies of all dehydra- 
tion processes from TG, DTA and DTG curves simuItaneousIy, the order of reaction 
from TG and the enthalpy changes from DTA peak areas. It also reports the effect of 
deuteration on the nature of dehydration and a comparison of the effect of deJteration 
on the thermal properties with the corresponding NH,(I) and K(J) series. 

EXPERJMEN-AL 

DoubIe salt hydrates were prepared following the standard procedure adopted 
by earIier workers3 and their D20 analogues were prepared by dissolving equi- 
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moIecuIar mixtures of anhydrous singIe salts in D,O and subsequent crystallisation 
A Pauiik-Paulik-Erdey type MOM, OD-I02 derivato_graph has been used for thermal 
anaiy-ses_ The particle size of the sampIes was within 150-200 mesh. The heating rate 
was about 1 S “C min- l_ The voIume of the sample in each case was nearIy the same. 

RESULTS 

The double salt hydrate of Mg(II) of the present series loses its water molecules 
in two distinct steps. In the first step four molecuIes of water are eliminated and the 
rest is eliminated in the final step but its D,O analogue loses its D,O moIecuIes in a 
siightly different manner, i.e., RbzMg(SO& - 6D,O ---, RbzMg(SO,), - 2D,O + 
Rb,M@O& - 1.75D,O --, RblMg(SO,), which is aiso shown in Fig. 1. The 

additional intermediate product, Le., RbzMg(SO& - I .75D20, is, how-ever, unstabie. 
Fig_ 2 shows that the double salt hydrates of Mn(iI), Co(B) and Zn(I1) lose their 
water molecules in a singIe step and their D+O analogues aIso follow the similar 
fashion of dehydration. The double salt hydrate of Cu(Ii) loses its water molecules 
in two steps like the double salt hydrate of Mg(I1) of the same series (Fig_ 2) and its 
D,O analogue behaves simiIarIy_ The double salt hydrate of Ni(II) loses ail its water 
molecules in a single step, whereas, its DzO analogue loses DzO molecules like the 
double saIt hydrate of Cu(II) of the present series (Fig. 3). A11 the dehydration 
processes show the well-resoIved DTA and DTG curves except for the double salt 
hydrate of Mn(II) and its D,O anaIogue_ DTG peak temperatures and temperature 
ranges of dehydration of the double sait hydrates and their corresponding D,O 
analogues are tabulated in Table I _ Enthalpy changes for each step of dehydration are 
evaIuated by the method of Sano” using copper sulphate pentahydrate as the standard 
(see Table l)_ When DTA peaks overlap too much with each other, the AH values are 
evaluated from the overail area of the DTA peaks concerned. Activation energies 
for each step of dehydration of the saIt hydrates and their DIO analogues are evaIuated 
from the analyses of TG curves using Freeman and Carroll’s5 equation_ The results 
are tabuIated in Table I and the corresponding curves are shown in Figs_ 4 and 5. The 

activation energies for each step of dehydration are aIso evamated from the analyses 
of DTG curves using the method of Dave and Chopra’ and the method described 
in our earlier works’-’ and also from the analyses of DTA curves using Brochardt’s 
equation’ for first order reactions. Al1 these values are tabulated in Table 1 and the 
corresponding Arrhenius piots are shown i;i Figs. 6 and 7. The order of reaction was 
found to be unity for each step of dehydration of the double salt hydrates and their 
D1?O analogues. The IR spectra of the salt hydrates and their D,O analogues are taken 
to ensure that deuteration of the hydrates proceeds to the desired extent_ X-ray 
diffraction patterns show that the salt hydrates and their corresponding DtO 
anaIogues are isomorphous to each other. 
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DISCUS!5IDN 

Earlier, the dehydration of Rb,Mg(SO,), - 6Hz0 was srudied by Rassonskaya’. 
He observed the simiiar nature of dehydration as observed by us but the corresponding 

DTA and DTG curves overlapped, hating both two peaks. But we found a prominent 
break in the TG curve and two well-resolved DTA and DTG curves. He evaIuated 
the activation ener_gy for the first step of dehydration from DTA curve by Piioyan’s 
method and found a value of 26.0 kcal mol- ’ and a value of 27.5 from the analysis of 
the TG curve. In our case, the value for the activation energy for the first step of 
dehydration is high in comparison to Rassonskaya’s value. This difference is probably 
due to the difference in heating rate, the nature of the crucible etc. Moreover, he did 

not determine the activation ener_rry from the DIG curve. The nature of dehydration 
of this saIt hydrate is quite different from the corresponding NH,(I)l and K(I)’ 

a T-’ 3- 
6109% x f” 

du: 

I 

AT- 1 
Fig. 4. Plots of A log z A log W, vs. 

A log W, 
x lo3 from TG for the dehydration of Rb2SO~’ 

MgSO+-6H20 ---f RbtSOb- MgSO,- 2H,O(Ia), Rb2SOe- M&304- 2H10 + RbtSOd- MgSO&Ib), 
Rb2SO+- MnS04- 6H10 -+ Rb2SOIs MnSOI (II), Rb2S04- CoSO,- 6H20 -s RbrSOh- CuSO,(IU), 
Rb2SOr- NBO,- 6H20 +- Rb2S&- NiSOI(IV), RbZSOo* CuSO*- 6H20 + Rb&O,- CUSO,~ 
2H10 (Va). RblSOI- CuSOI- 2H10 --f RblSOI- CuSOI(Vb) and Rb2SO~-ZnSO~- 6H10 + 
Rb$SO,-Z&O,(W). 
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series_ In the case of the corresponding NH&) series, the first step of dehydration 
took place with five moIecu1e-s of water and the rest was eliminated in the final step, 
the monohydrate, however, was uMabIe_ A similar way of dehydration was also 
observed on deuteration. In the case of the corresponding K(I) series dehydration 
took place in three eqnai steps, whereas, on dueteration, dehydration took place in a 
single step. With respect to the ti DTG peak temperature, the thermal stability of 
fM,m double salt hydrates of the NH,(I), K(I) and Rb(I) series follows the order: 
NH,(I)>Rb(T)> K(I) but the thermal stability of the corresponding D20 analogues 
follows a different orders NH,(I)> Rb(I) = K(i)_ The activation energy* of dehydra- 
tion is Iess than that of K(I) and higher than that of NH,(I)_ On deuteration this value 
of activation ener_Pr remains the same, but the D,O analogue follows the order: 
Rb(i) > K(i) > NH&)_ This change is due to a fall in the vaIue of activation energy of 

t 

Fig- 5. Plots of A log g I A log W, vs A;tg-; from TG for the dehydration of RblS04- MgSO, 

6D,o ---f Rb,SO,- M&04-2D20 (I’& Rb;S04- MgSOl- 1.75Dz0 -+ Rb&O,- MgSO,(I’b), 
RbzS04- h&SO,-6D10 + Rb2S04- MnS04(II’), I’-blS04- CoSOI- 6D10 --f RbzSOI- 
C&O4 fliI9, RblS04- NiSOI- 6D,O + Rb=S04- NiS04- 2D=O (lv’a), RbzS04- NiSO,- 2Dz0 --f 
RbxSOa- NiSO&V’b), RbrSO*- CuS04- 6Dx0 -+ Rb$SO*- Cu!504- 2Dz0 w’a). RblSOA- 
CuSOI-2Dz0 --t RblSO,-CuSO,(-V’b) and Rb,SOb-ZnSOA-6D,O + Rb1S04-ZnSO,(VI’). 

*Average of the values obtained from the analyses of TG. DTA and DIG cmves. 
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the corresponding K(I) series due to deuteration- The enthalpy changes for the first 

step of dehydration of the double salt hydrates of MaI’) of the present series, NH,(I) 

and K(I) series do not difk much, but the enthalpy change of the deuterated salt 
hydrate differs from the aquated one. 

The nature of dehydration of the double saIt hydrate of Mn(II) of this series is 
similar to the corresponding NH,(I) series. Comparison with that of the K(I) series is 
not possible, as this compound undergoes dehydration as soon as the crystals are 

removed from its mother liquor. The first DTG peak temperature and enthalpy 
change of of the present salt hydrate are Iess than the corresponding NH,(I) series but 
its activation ener,T is higher than that of NH,(t). There is no significant change in the 

thermal properties on deuteration. 
The process of dehydration of the double salt hydrate of Co(H) of the present 

series is similar to the dehydration of that of the NH,(I) series and is different from that 

T’x IO3 

Fig_ 6_ Arrhenius plots, log G vs_ T - 1 x IO’, from DTG curves for dehydration of Rb2SOI- MgSOI- 
6HZ0 i RbzSO,- B&SO,* X-I20 (Ia). Rb,SOd- MgSO,-2H,O + Rb,SO,- M&O&b), Rb2S0,* 
MgS04-6D20 --f Rb2S04- MgS04-ZD,O(I’a), Rb2S04- MgS04- I.75DI0 + RblS04- 

MgSO&‘b). Rb,SO,- CoS&- 6H70 --f Rb,SO,- CoSO~(III), RblS04- CoSO,- 6Dz0 --f 
Rb2S04- C&0,(X1’), RbzSO,- NiSO,- 6Hz0 + Rb2SO+- NiSO,(iV), RbtSO1- NiSO,- 6Dt0 + 
RbzS04- NiSO,- 2D,O(D/‘a), Rb2S04-NiSOI-2Dz0 --f Rb2S04-NiS04(IV’b), Rb2S04- 
CuSO,- 6H10 --f RbzS04- CuS04* 2H,O Wa), Rb,S04- &SO,- 2Hz0 -_, Rb,S04- CuSOJVb), 
RbrS04- CuS04- 6D10 --f RblSOI- CuS04- 2D20 (V’a), RblSOI- CuSOI- 2D20 + RbtS04- 
CuS04(V’b), RbzS04-ZnS04-6Hz0 + Rb2SOI-ZnSO1(VI) axid Rb2SO+-ZnS04-6Dz0 --t 
RblSOa- ZnSOJVi’). 
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of the K(I) series whose nature of dehydration is simiIar to Rb,Mg(SO& -6H,O_ The 
first DTG peak temperature of the present salt hydrate does not differ much from 
the corresponding NH,(I) but is higher than the corresponding K(I). The activation 
ener_gy of dehydration of the same salt hydrate is Iess than the corresponding K(I) 
series and higher than that of the NH,(I) series. The enthalpy change of dehydration is 
minimal with respect to the correspondin g NH&I) and K(I) series. On deuteration 

the enthalpy change increases slightly (I3 to 14-5) and thereby the enthalpy changes of 

dehydration of the Rb(I) 2nd the corresponding NH,(I) and K(I) follow the order 

NH,(I) > Rb(T) > K(I)- 
The nature of dehydration of the double salt hydrate of Ni(II) of the present 

series is similar to that of corresponding NH,(I)’ and unlike that of K(I)‘, but this 
picture changes completely on deuteration of this salt hydrate as stated earlier_ The 
first DTG peak temperature is higher than that of the corresponding K(1) and NH,(I) 

r 

Fis 7- Arrhenius pIots, Iog k vs- 7-0 * x 103. from DTA curves for dehydration of Rb2S04- MgSO&- 
6H20 -)_ RbzSOa- MQSO,- ZH,O(Ia), Rb2S0,- M&O,-2H.O + RblS04- MgSO,(Ib). 
Rb=SOd- MgSOa- 6DzO --P Rb2SOI- MgS04- 2D:O(I’a), Rb,SO,- MgSO,- 1.75DzO 4 
Rb=SOa- MgSOa(I’b). Rb2SO*- CoS04- 6Hz0 + RblSO,-CoSO,CIIi). Rb2SOS- CoSO,- 
6D10 + RbzSOI- CoSO,(III’). RbtS04-NiSO&- 6H20 -_, Rb2SOL-NiSOItIVL RbzSOa- 
NiSO,- 6Dz0 -s Rb,SO,- NISOI- 2D20 (Iv’& RblS04- NiSO&- 2DZ0 ---f Rb,SO,- 
NiSO.(IV’b), Rb2SO+-CuS04- 6Hz0 --F RblSO,- CuSO,- 2H,O(Va), Rb2SO~*CuSO~-2H~0 --f 
RbzSOI- CuS04(Vb), Rb2SO*- CtiOd- 6D=O +- Rb,SO,- C&O,- 2Dz0 (V’a). Rb,SO,- CuSO,- 
2D10 + Rb&O*- CuSO,(V’b), RbzS04- ZnSO,- 6Hz0 + Rb2SO~-ZnSO~Wi) and Rb&Od- 
ZnSO,- 6D20 --f Rb&O,-ZnSO,(Vi’)- 
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series [Rb(I)> K(l)> NH,(I)] but on deuteration the order changes as follows: 
K(I) >, NH,(I) > Rb(I). Th e vaIue of enthaipy change of dehydration is tigher than 
that of the corresponding K(I) series and lower than that of the NH,(I) series_ On 
deuteration the value of enthalpy change remains practically unakered. The activation 
ener-q for the first step of dehydration of the Rb(I) series is maxima! with rez+ect to 
the corresponding NH,(I) and K(I) series. On deuteration the activation ener_q for 
the first step of dehydration becomes high, whereas, the values for the corresponding 
NHJ(I) and K(I) series do not show any significant change_ 

The fashion of dehydration of double salt hydrate of Cu(II) of the present series 
is unlike the corresponding NH,(I) and K(I)_ It is observed that the nature of the TG 
curve of the corresponding K(1) series is similar to that of the present salt hydrate, but 
both steps showed overIapping DTA and DTG curves indicating the existence of 
more unstable intermediate salt hydrates, which is not found in the present salt 
hydrate. In the corresponding NH,(I)’ series dehydration took place in three steps 
which was stated earlier. On deuteration of the Cu(II) compound, the nature of de- 
hydration is not altered, whereas, for the corresponding K(I) series, the nature of 
dehydration differed slightIy2. The first IXG peak temperature of the present salt 
hydrate is lower than that of the corresponding NH,(I) series and equal to that of the 
K(I) series. The enthalpy change for the first step of dehydration is lower than for the 
corresponding NH,(I) series and higher than that of the K(1) series. On deuteration 
the values increase sli,htly. The activation ener_q for the first step of dehydration is 
equal to that of the corresponding NH&) series and higher than that of the K(1) 
series. On deuteration the value becomes slightly lower_ 

The nature of dehydration of the double salt hydrate of Zn(II) of the present 
series is like that of the corresponding NH,(I)’ series but is different from the cor- 
responding K(Ijz series whose nature of dehydration is simiIar to that of the double 
saIt hydrate of Cu(II) of the present series. The D,O analogue dehy&ates similarly, 
DTG peak temperature and enthalpy change for the first step of dehydration are 
higher than those of the corresponding NH,(I) series and less than those of K(1). The 
value of activation energy for the first step of dehydration of the present salt hydrate 
is higher than that of the corresponding K(1) series and less thzn that of NH,(I). On 
deuteration, the above order aIso remains unahered. 

It is noticed that the thermal stability of the double salt hydrates of Rb(I) is 
greater than that of the corresponding K(I) series and less than that of the NH,(I) 
series, whereas, the activation energy for the first step of dehydration of the present 
series is greater than that of NH,(I) and less than for the corresponding K(1) series. 

The first DTG peak temperatures of the double salt hydrates of the present 
series show that the saIt hydrates are thermally stable in the following order: 
Ni(II) > Co(H) > Zn(II) > M&II) > Cu(I1) > MnUI). This order is almost maintained 
in the NH,(I) series except for the double salt hydrates of Zn(I1) and Co(I1) whose 
order is reversed_ But the above order is not maintained in the K(I) series. D20 
anaiogues of the present series show a similar order of thermal stability except for 
Ni(II)_ In the case of Rb,Ni(SO,), -6Hr0, on deuteration the thermal stabiIity 



decreases to a great extent- This change is probably due to the change in the nature of 
dehydration. 

The v2ri2tion of the values of activation energies for the dehydration process 
evahrated from TG, DTA and DTG curves is not too much. This shows that alI the 
methods used for the evaluation of activation energies are standard. It is observed that 
on deutcration of the single salt hydrates9 activation energies of dehydration of the 
corresponding D,O analagues increase But in the case of double salt hydrates there 
is no significant change in the value of activation ener_gy on deuteration where the 
nature of dehydration remains unaltered. In general, salt hydrates’*2-g which lose 
water moIecuIes in more than one step, the activation energy for the Iat?er step of 
dehydration gives a larger value than the previous step. In the present series a similar 
phenomenon is observed_ It is observed in our earlier work2 that where the deuteration 
effect completeIy changes the nature of dehydration, the value of the activation 
energy of dehydration changes markedly, i.e., in the case of l&Mg(SO,), - 6H2O, on 
deuteration dehydration took place in a single step instead of dehydrating in three 
equal steps- As a result the value of activation energy of dehydration fell markedly on 
deuteration. Whereas, RbzNi(SO.& - 6H20 dehydrates in two steps on deuteration 
instead of in a single step. Due to this change in the nature of dehydration the 
activation energy for the dehydration of Rb2Ni(S0,)2-6D20 is markedly high in 
comparison to that of its H20 analogue. The above observations show that the value 
of the activation energy of dehydration increases with increase in the number of steps 
during dehydration due to deuteration and vice versa. The activation energies for the 
first step of dehydration of the double salt hydrates of the present series do not show 
any systematic variation with increase in atomic number of the cation, whereas, a 
systematic order was maintained in the NH,(l) series. It is noticed, however, that the 
activation energies of the double salt hydrates of the present series increase with rise 
of the 2nd ionisation potential of the central metal except for Mg. But this trend is not 
observed between the corresponding D,O analogues due to abrupt rise in the value of 
activation energy for dehydration of Rb,Ni(SO,), -6D,O_ 

It is also observed that the value of enthalpy change of dehydration of the 
double salt hydrates of this series ranges from 11.4-17 kcal mol- ‘_ There is little 
effect on the vahre of AH on deuteration, 

The differences in thermal properties of dehydration between the NH,(l), K(l) 
and Rb(l) series is due to a natural cause, i.e., slight difference in ionic size of NH,(I) 
(l-43), K(l) (1.33) and Rb(l) (I 48). We attempted to isolate Rb,Cd(SO& - 6&O but 
could not succeed as the compound loses water as soon as the crystals are removed 
from its mother liquor. 

The authors are grateful to Roof. N. K- Dutt, Head of this laboratory for 
various help and stimulating interest in this work. 
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