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Abstract 

A new double salt KzMg(IO3)4.2H20 has been synthesized. Its thermal and calorimetric behaviors were investigated by the 
DTA, TG and DSC methods. A mechanism of thermal decomposition has been suggested. The Af/-/~29s was calculated from the 
recorded AH ° of the DSC curve. The data from the TG curves were processed by the methods of formal kinetics involving the 
calculation of the kinetic parameters E* and Z, and the type of the kinetic equation determined. The solubility of 
K2Mg(IOa)4-2HzO in water was investigated in the 20-50°C temperature interval. The value of Adissoln~298 was calculated on 
the basis of the solubility data, whence the value of Af/-/~298 of the double salt was calculated. The values of Af/-/~298, 
determined by the two methods, were compared. © 1997 Elsevier Science B.V. 
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1. I n t r o d u c t i o n  and described by X-ray analysis and the method of  
differential thermal analysis. 

The study undertaken is a continuation of  our There are no data in the literature available about 
research [1,2] on establishing the conditions of  synth- the existence of  K2Mg(IO3)a.2H20. The aim of  this 
esis of  double iodates and on determining their ther- study is to determine the conditions for obtaining the 
mal and calorimetric properties. The problem is of  new double salt KEMg(IO3)4.2H20 under non-equili-  
interest in view of  the fact that the newly synthesized brium conditions. The aim is also to study its thermal 
compounds are expected to possess valuable electric and calorimetric properties and to use the data 
properties [3]. obtained to calculate certain kinetic (E* and Z) and 

There is little information in available literature on thermodynamic ( A H  °) parameters for the dehydration 
the double iodates of  the K2Me(IO3)a-2H20 type. The process. Another aim is to study its solubili ty in the 
ternary KIO3-Mg(IO3)2-H20 system has been inves- 20-50°C interval and, from the data obtained, to 
tigated at 50°C [4]. The solubili ty diagram only calculate the enthalpy of  dissolution (Adissol/-/~298). 
exhibits a crystall ization field of  the double salt The values thus obtained for A H  ° and AdissoJ/-/~a98 
K2Mg(IO3)4.4HzO. The compound has been isolated are to be used for calculating the change of  the 

standard enthalpy of  formation (Af/-/~298) of  
*Corresponding author. Fax: 003592-68-60-83. K2Mg(IO3)4.2HaO by the two methods. 
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2. Exper imenta l  each one of  the temperatures investigated, the equili- 
brium was achieved after 48 h. The constant composi- 

The investigations carried out show that tion of  the liquid and solid phases, respectively, of  the 
K2Mg(IO3)a-2H20 can be obtained by two methods, two successive samples obtained within different 
namely: times of  treatment while maintaining T-const .  is 

the criterion for the presence of  equilibrium. The 
• by the addition, in the stoichiometric proportion, compositions of  the liquid and solid phases were 

of  solid Mg(IO3)2.4H20 to a saturated solution of determined. The solid phase has been identified by 
KIO3 at 40°C, under continuous stirring in a the methods of  quantitative and X-ray analyses and 
magnetic stirrer for 8 h (Method I); and infrared spectroscopy for each of  the temperatures 

• by desalination with ethanol of  a solution obtained 
as a result of  mixing 1% Mg(IO3)2 and 3% KIO3 investigated. 

solutions at room temperature (Method II). 

The compounds obtained by these methods were 3. Results a n d  d i s c u s s i o n  

identified spectroscopically and by X-ray and quanti- 
tative analysis as follows: The data from the quantitative analysis are shown in 

Table 1. They confirm the preparation of a compound 
• Mg 2+ - complexometrically [5]; 

with composition K2Mg(IO3)a.2H20. 
• K + - by weight, through precipitation with sodium 

Its X-ray data were also obtained and we estab- 
tetraphenyl borate [6]; lished that its reflection differed from those shown in 

• iodine - iodometrically [7]; and 
• water by Fisher's method and thermogravimetri- [4] for K2Mg(IO3)a-4H20 (Fig. 1). 

The compound has also been identified by its 
cally. IR spectrum, obtained in the region of  normal 

X-ray powder diffraction patterns were taken on a vibrations (1000o200 cm - l )  of  the iodate group, 
diffractometer type TUR M-62 with FeK,  irradiation, which has been compared with the IR spectra of  the 
while the IR spectra were taken on a spectrophot- initial compounds, KIO3 and Mg(IOa)2.4H20 
ometer Philips PU-9700 as tablets with KBr. Our (Fig. 2). The spectrum of the newly obtained com- 
thermal investigations were carried out on a derivato- pound is characterized by an absorption band 
graph Paulik-Paulik-Erdey MOM-OD-102 at a heat- different in its nature with a maximum at 765 c m - I  
ing rate of  10°C min -1 up to 900°C, while the and arms at 805 cm -~ and 705 cm -~. They are attrib- 
calorimetric investigations were made on a DSC-4 uted to the oscillations of  the I -O  bond [8,9]. The 
Perkin-Elmer apparatus, in the 20-500°C range in bending vibrations (u2 and u4) of  the 10 3 group appear 
standard crucibles. The kinetic analysis was made at 385 and 325 cm ~ and are displaced toward the 
using TG curves obtained on heating up to 500°C lower frequencies compared to those of  the initial 
at a rate of  5°C min -1. compounds. 

The investigations for determining salt solubility The DTA and TG curves of  the investigated com- 
were carried out in the 20-50°C interval in sealed pound are shown in Fig. 3, while DSC curve can be 
glass containers under continuous stirring at seen in Fig. 4. 
,~400 rpm. The temperature was maintained by an The DTA curve shows initially a strong endother- 
ultrathermostat UT-4 with an accuracy of  +0.050C. At mic effect with Tmax=330°C (Fig. 3) which corre- 

Table 1 
Data from the quantitative analysis for K2Mg(IO3)4.2H20 obtained by the two methods 

Method K + (mass %) IVig 24 (mass %) IO 3 (mass %) H20 (mass %) 

Theoretical Experiment Theoretical Experiment Theoretical Experiment Theoretical Experiment 

I 9.3 9.64-0.5 2.9 3.24-0.5 83.5 82.94-0.5 4.3 4.24-0.5 
II 8.94-0.5 3.14-0.5 82.9±0.5 4.54-0.5 
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Fig. 1. X-ray powder data of: 1 - K2Mg(103)4.4H20 [3]; 2 - K2Mg(IO3)4.2H20. 

sponds to the decomposition of K2Mg(IO3)4.2H20 to Mg(IO3)2 --~ 1/5Mg5(IO6)2 + 4/512 + 9/502 Tmax = 610°C 
I(IO3, Mg(IO3)2 and H20 and the evaporation of the Mg5(IO6)2 --~ 5MgO + I2 + 7/202 Tmax = 670°C 
water of crystallization. The change in mass (Am) 

According to [12,13], KIO3 is decomposed in the 
determined from the TG curve exactly corresponds to 

590-640°C temperature interval by two paths, 
the water of crystallization in the initial salt. The value 
Tmax=330°C, found from the DTA curve, is higher namely: 
than the dehydration temperature of Mg(IO3)2-4H20 KIO3 --, KI + 3/202 and 
(Tdeh = 165 °C [ 10]), which indicates the higher thermal KIO3 -~ K20 + I2 + 5/202 
stability of the double salt. An analogous pattern of 
behavior for K2Me(IOa)4.2H20 where Me----Zn, Co, Ni The two reactions take place in parallel. 
[1], is observed. Corresponding to the examined The last peak appearing in the derivatogram at 
endothermic effect in the DTA curve at Tmax=330°C, Tm~x=770°C (Fig. 3) can be attributed to the melting 
is an analogous endothermic effect in the DSC curve of KI [1,14]. 
(Fig. 4). The following endothermic effect is charac- The kinetic analysis has been made using the TG 
terized by two closely separated maxima curve (Am=fiT)) obtained for the purpose with heat- 
(T1=291.20°C and T2=295.1°C), with a considerable ing up to 500°C at a rate of 5°C min -1. Thus, the 
width of the peak base. The value of kinetic parameters obtained concern the evaporation 
A/t/°= 181.5 kJ mol-  1 includes the change in enthalpy of the water of crystallization alone, which depends on 
during the decomposition of the double salt to KIO3, the specific behavior of the system. A differential 
Mg(IO3)2 and H20 and the evaporation of the water of method for kinetic analysis of non-isothermal data 
crystallization, has been used in calculating the formal kinetic para- 

The following two endothermic effects along the meters (E* and Z) and for determining the type of the 
DTA curve (Fig. 3) describe the decomposition of kinetic equation characterizing the process of dehy- 
KIO3 or of Mg(IO3)2, respectively. According to the dration and decomposition of the double salt to simple 
published data [10,1 l] Mg(IO3)2 is converted first into iodates [15]. The following results were obtained by 
orthoperiodate, followed by the decomposition of means of a computer program based on the data from 
Mg5(IO6)2 to MgO. the TG curves and on the 25 known kinetic equations 
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Fig.  2. IR  spectra of :  1 - K IO3 ;  2 - M g ( I O a ) z - 4 H 2 0 ;  3 - K 2 M g ( I O 3 ) 4 . 2 H 2 0 .  

[15,16]: (1 - -  OZ) 2/3 
F(o~) = 

E* = 152.81 kJmo1-1 1 - (1 - c~) 1/3 
Z = 1.418.1012 s - '  where c~ is the degree of  change of  the mass as 

calculated from the TG curve. 
where E* is the activation energy, and Z the pre- The kinetic equation obtained is of  the diffusion 
exponential factor, type. 

The correlation coefficient for the quantities deter- In order to expand the existing information on the 
mined is 0.9946, while the standard deviation is newly obtained KzMg(IO3)a.2H20, we carried out 
0.1214. research to determine its solubility in the 20-50°C 

interval. The experimental data obtained are presented 
The kinetic equation corresponding to the process is of  in Table 2. The same table also shows the measured 
the following type: densities of  the saturated solutions at different 
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Fig. 3. DTA and TG curves of K2Mg(IO3)n.2H20. for the salt K2Mg(IO3)4.2H20 can be expressed in the 
following manner: 

2 4 
temperatures. Fig. 5 presents the solubility curve. The K = aK+aMg2+aI°~ bu t  ak2Mg(iO3)4.2H20 = 1, 
solid phase composition is the same over the entire aK2Mg(IO3)4.2H20 

2 4 temperature range investigated. On the basis of  the consequently, K = aK+aMg2+alo 3 
results obtained, it is possible to calculate the 

' mdissol/~298 of the double salt using a method described -- (c2+CMg2+C1403)(72+ 7Mg2+ 7143) 
in [17]. 

(2S) 2S(4S) 4 
[ "x 2 4 1024S 7 77 The thermodynamic equilibrium constant charac- = ~xTK+TMg 2+710 3 )  = 

terizing the equation where 7:~ is the mean ionic activity coefficient and S 
solid phase ~ saturated solution the solubility of  K2Mg(IO3)4-2H20 in mol/dm 3. 

Table 2 
Solubility data of K2Mg(IO3h-2H20 

T (°C) Concentration of the saturated Density of the saturated Composition of the 
solution (mol/dm 3) solution (kg/dm 3) solid phase 

20 0.0411 1.0253 K2Mg(IO3)4.2H20 
25 0.0424 1.0256 K2Mg(IO3)4.2H20 
30 0.0461 1.0257 K2Mg(IO3)4.2H20 
35 0.0535 1.0338 K2Mg(IO3)4.2H20 
40 0.0596 1.0384 K2Mg(IO3)4-2H20 
45 0.0617 1.0397 K2Mg(IO3)a.2H20 
50 0.0699 1.0423 K2Mg(IO3)4-2H20 
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Fig. 5. Solubility curve of K2Mg(IO3)4.2H20 (S, concentration of 
the saturated solution in mass %). l [ 

3,20 3,60 
The ~/± values can be calculated from the Davies l I T .  103/K 1 

equat ion  [18] in which the ionizat ion energy (/) and 
the constant  A, which  depends  only  on the temperature Fig. 6. Dependence In K=fl l /T) .  

[ 19], participate. 
The values calculated for / ,  A, q'± and K for each one 

of  the working  temperatures  are shown in Table 3. 
For the equi l ibr ium Under  the condi t ion  of  equi l ibr ium,  

A G  O - -  A H  ° - T A S  ° = - R T I n K  and the plot of  KzMg(IO3)4 • 2 H 2 0  ~-  2K + + Mg 2+ + 4IO~- 
In K vs. f ( 1 / T )  is a straight l ine with gradient  + 2 H 2 0  
tan a = (AdissolH~298)/R as shown in Fig. 6. The 
most  probable  straight l ine be tween the exper imental  we can write the equi l ib r ium 

points  was calculated by means  of  a computer  pro-  mf/_/~298 = 2/kf/-/° 8~+'-29 -]- mf /4°  8Mg2+"29 
gram. K2Mg(IO3)42H20 

mdissol/-/~298 ~- 69 kJ mo1-1 + 4Af/-/~29Slo3 -{- 2Af/-/~298u2o(o- Adiss°l/-/~2981 

Table 3 
Data on the calcula~d values of 1, A, 7~ and the equilibrium constant (K) 

T (°C) 1 (mo~dm 3) A (kg/mol) I/2 7± Kx 101° In K 

20 0.1874 0.5086 0.3947 3.17 -21.87 
25 0.1965 0.5126 0.3874 3.30 -21.83 
30 0.2305 0.5184 0.3692 4.24 -21.58 
35 0.2675 0.5218 0.3549 9.11 -20.82 
40 0.2973 0.5265 0.3440 16.60 -20.28 
45 0.3087 0.5314 0.3381 17.60 -20.16 
50 0.3541 0.5365 0.3262 32.80 19.54 
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The values of  Af/-/~298 for the corresponding ions in A c k n o w l e d g e m e n t s  
water solution are taken from available sources [20] 
and for AfH~298.2 ° - from [14]. This work was supported by the National Science 

mfn~298 = - 2 5 4 9  kJ mol I (1) fund under contract number 380, Ministry of  Educa- 
K2~g(,03)4 2.20 tion, Science and Technologies, Republic of  Bulgaria. 
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