
Thermochimica Acfa, 33 (1979) 18’7-196 1s: 

a Elsevier Scientific Publishing Company, : 2msterclam - Printed in The Netherlands 

SOME STUDIES ON THALLIUM OXALATES. II. THERhl..4L 
DECOMPOSITION OF POTASSIUM BISOXALATO 
DIAQUOTHALL_4TE( III) DIHYDRATE 

S.R. SAGI, KARRI V. RAMANA and M.S. PRASADA RAO 

Inorganic Chemistry Laboratories, .- Irzdhra UniLvzrsity, Waltair (India) 

(Received 2.7 November 19’iS) 

ABSTRACT 

Potassium bisosalato diaquothallate(II1) dihydrate is obtained by precipitating thal- 
lium(III) with oxalic acid from slightly acidic (HN03 or H2S04) solutions in the presence 
of potassium ions. The thermal decomposition hehaviour of the comples is studied using 
the techniques of TG, DTA and DTG. The solid cornples salt and the int.ermediate 
products of its thermal decomposition are characterised using IR absorption spectra, 
microscopic observations, electrical conductivity measurements and S-ray diffraction 
data. 

INTRODUCTION 

Potassium thallium(II1) osalate is known to crystallise as the trihydrate 
[l-3]. It was suggested that in this complex compound the “thallium( III) 
may be probably in the octahedral valence stat.e suggesting the probable 
structural formula to be KITl(C,O.+)z(H,O),] - II,O” [4]_ The authors’results 
on the thermal decomposition behaviour of the complex, and characterisa- 
tion of the complex and the intermediate product of its thermal decomposi- 
tion are now presented_ For this purpose the authors have used IR absorp- 
tion, X-ray diffraction, microscopic observations and electrical conduct.ivity 
measurements. 

EXPERIMENTAL 

The details of TG, DTG and DTA measurements; IR; microscopic observa- 
tions, electrical conductivity measurements and X-ray diffraction studies are 
as described in our earlier communication [ 5] _ 

Preparation and analysis of the complex 

The complex is prepared usin, 0 the condit.ions reported earlier [6,7] and 
the compound obtained is filtered through an IG 4 sintered glass crucible, 
washed with minimum quantities of wash liquid (containing 0.125 M nitric 
acid and 0.15 M potassium nitrate or 0.0625 M sulphuric acid and 0.075 M 
potassium sulphate) and finally with acidified water (with nitric or sulphuric 
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TABLE 1 

Chemical analysis 

Constitilent Original comples intermediate 

Potassium (5%) 
Thallium (%) 
Osalate (Cb) 
Water (5) 

7.93 (talc.) 1 l.SO (talc.) 
41.43 61.56 
35.77 2656 
11.49 

acid) and dried under vacuum over silica gel. 
The thallium and osalate covtents of the original complex and of the 

intermediate are found 181 to be in the ratio of 1 : 2 and 1 : 1, respectively. 

The ratio of potassium and thallium in the intermediate and hence in the 
original complex is found to be 1 : 1 by difference. The presence of the 
carbor_ate in the final product after heat,ing is confirmed by the usual acid 

test. The water content in the original complex is computed, by difference, 
to be four moles per atom of thallium. This observation is in agreement with 
the thermal decomposition data recorded now and calculated by the 
methods suggested earlier [9]. The data in Table 1 suggest the structural for- 
mula of the original comples to be K[Tl(C,O,),(H,O),] - 2 H,O which is 

further supported by the results of the following studies. 

RESULTS AND DISCUSSION 

Thermal decomposition of the comples 

It is clear from the pyrolysis curve (Fig. 1) that the continuous loss from 
50 to 150°C corresponds to the dehydration (four molecules of water) and 

redox decomposition of thallic oxalate to thallous oxalate with loss of one 
mole of oxalate. In t.he DTG curve there are three peaks indicating the step- 
wise loss in weight between 50 and 150°C. The peak at 105°C may be due 
to the loss of the lattice water which is followed by the loss of the coordi- 
nated water and the oxalate at 130 and 14O”C, respectively. In the DTA 
curve the broad endothermic peak with a aT,i, at 105”C, the endothermic 
shoulder at 140° C and a sharp esothermic peak with a AT,,, at 150” C indi- 
cate the loss of lattice water, coordinated water and 0xa.lat.e (due to redos 
decomposition of thallic oxalate to thallous osalate), respectively_ A small 
and broad exothermic peak with AT,,, at 6O”C, where the crystalline com- 
pound appeared to crumble to a powder may be due to some sort of a struc- 
tural change in the compound in the solid state. Polymorphic changes in the 
thallium salts of fatty acids are known [lo] _ The present authors’ observa- 
tions on the electrical conductivity of the compound also showed variation 
in behaviour at this temperature. 

The product obtained after thermal decomposition at 150” C is stable 
from 150 to 250°C and decomposes further from 250 to 440°C to give a 
mixture of potassium carbonate, thallous oxide and thallic oxide in the mole 
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Fig. 1. TG, DTG and DTA curves of potassium bisoxalato diaquothallate(II1) dihydrate. 

ratio 4 : 1 : 3. This product is stable up to 500°C. A broad peak in DTG 
around 350°C (Fig. 1) corresponds to the above decomposition_ A very 
broad exothermic peak around this region in DTA with 4T,,, at 440°C is 
obviously due to the decomposition and subsequent oxidation of the 
products_ 

The results are summarised in Tables 2 and 3. From these results the step- 
wise thermal decomposition of the complex may be given as 

8 K[Tl(C,O,),(H,O),] 2 H,O -a 8 K[Tl(C,O,),(H,O),] + 16 H,O 
(1) 

8 K[Tl(C,O,)z(H,O),] 2140°C 8 K[Tl(C,O,),] + 16 H,O 
(2) 
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TABLE 3 

DTG and DTA data of potassium bisosalato thallate(III) 

Reaction PfXlk 

Temperature Nature Type 

(“C) 

DTG Dehydration 105 
Redos decomposition 135 
Decomposition and partial osidation 3.50 

DTA Dehydration 105 
Redos decomposition 150 
Decomposition and partial osidation -1-10 

LOSS 
Loss 
Loss 

Endothermic 

Esothermic 
Esothermic 

Very sharp 
Shnrp 
Broad 

Broad 

Sharp 
Broad 

8 K[Tl(C,O;),] -15occ [8 KTlC201 + 16 CO,] or [4 K,C,OJ + -1 TI,C, 0, + 16 CO-] 
(3) 

8 KTl&O, or 4 T1,C,OJ + 4 K,C,OJ 250--140 5 4 K,CO, + Tl?O + 3 T1103 + 12 CO, 
(4) 

From Fig. 1 it is not possible to know whether the intermediate formed at 
15O”C, by heating the complex, is a binary salt KT1C20, or an equimolar 

mixture of K,C,O, and Tl,C,O,. The results of the separate thermograms of 
K2C204 - H20, T12C204 and a mixture of the two in 1 : 1 mole ratio are given 
along with those obtained for the intermediate product in Table 4. From 
Table 4 it is evident that the intermediate product is probably an equimolar 
mixture and not a single compound, as the nature of the thermal decompo- 
sition of the synthetic mixture is identical with that of the intermediate 
product _ 

In an attempt to isolate the complex with the coordinated water and with- 
out the lattice water (at the end of the first stage of decomposition) an iso- 
thermal decomposition of the complex is carried out at 105°C. It has been 
observed by the authors that the compound is found to lose both forms of 
water at this temperature followed by the redox decomposition_ This obser- 
vation suggests that the two forms of water in the solid complex must have 
been intimately connected probably through hydrogen bonds, and that the 
stability of the complex itself appears to be dependent upon the presence of 
the coordinated water. 

IR absorption spectra 

The IR absorption spectrum of potassium bisoxalato thallate(II1) is shown 
in Fig. Z(a). A sharp and very broad peak at 3480 cnl-’ and a broad and very 
strong p?ak at 3370 cm-’ correspond to the asymmetric and symmetric 

stretching modes of vibration of H----H [ll] and a very broad and strong 
peak at 1600 cm -’ corresponding to the bending modes of vibration of water 

shows the presence of water in general, while a very sharp and strong peak at 
800 cm-’ and a broad and weak absorption at 610 cm-’ indicate the coordi- 
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Fig. 2. Infrared absorption spectra of (a) the complex, (b) a mixture of potassium osalate 
monohydrate and thallous oxalate in 1 : 1 molar ratio and (c) the product obtained after 
heating the complex to 170°C and cooling. 

nated [ 121 and crystal water [ 121, respectively, in the complex. 
The spectrum of the complex in Fig. 2(a), and that of an equimolar mix- 

ture of potassium oxalate monohydrate and thallous osalate in Fig. 2(b), are 
compared with the spectrum of thallous osalate already reported [ 51. From 
the Figs. it is evident that sharp and strong absorption peaks of the mixture 
of potassium oxalate monohydrate and thallous osalate corresponding to the 
bending modes of vibration of O=C=O at 770, 752 and 748 cm-’ are shifted 
towards the higher frequencies, 800, 785 and 770 cm-’ in the comples. This 
shift suggests the increase of covalence of the metal-osygen bond in the 
complex [ 131. Similar shifts of the peaks at 525 and 225 cm-’ in the case of 
the comples also suggest that the bonding in the complex might be some- 
what different from those in simple salts by being more cova’lent. in nature. 

The IR spectrum of the comples after heating at 170” C (and cooling to 
room temperature) is shown in Fig. 2(c) and is compared with that of a mix- 
ture of potassium osalate monohydrate and thallous osalate (Fig. 2b). All 
the prominent absorption peaks in both the Figs. are coincident, indicating 
the similarity of the heated product with the mixture. Hence, the interme- 
diate product of thermal decomposition of the complex must be a misture 



194 

and not a single compound. The spectrum of the heated product after 
decomposition and cooling (Fig. Zc) also shows a peak corresponding to 
water. This is obviously due to the absorption of moisture by the anhydrous 
potassium osalate in the heated product. (Preliminary observations indicate 
that both anhydrous potassium osalate and the intermediate obtained at 
150°C absorb moisture while thallous osalate does not.) 

Illicroscopic observations 

Potassium bisosalato thallate( III) occurs as colourless transparent irregular 
crystals with low birefringence. The lower refractive index is 1.596 5 0.002 

- K2C204 

M Tl2C2O4 
)t--r. Tl2C2O4 + K2C2O4 (1: 11 
&---cl PRODUCT OBTAINED AFTER . HEATING 

K CT’ (C204J2] -4 H20 L3rT 170’ C 

II I I I I I I I 

110 130 IS0 170 190 210 230 250 

TEMPERATURE,% 

Fig. 3. Plot. of elect.rical resistivity vs. temperature. 



and the higher refractive index is 1.600 2 0.002. The cwsta_ls developed 
from the aqueous solution of the product obtained by heating the comples 

at 170°C (intermediate 4) are observed under the microscope_ These observa- 
tions show the presence of separate thallous oxalate [ 51 and potassium osa- 
‘late crystals, suggesting the probability of the intermediate to be a mixture 
(Tl,C20, and K2C204)_ 

Electrical conductivity measrtrcmerz ts 

The plots of resistance vs. temperature (rate of heating 5” min-‘) are ob- 
tained for thallous oxalate, potassium osalate, a 1 : 1 mixture of potassium 
osalate and thallous osalate and the product of t.hermal decomposition of the 
comples at 170°C, by taking in the form of a pellet after grinding. The results 

are shown in Fig. 3. From Fig. 3 it is evident that the physical synthetic mix- 
ture of potassium oxalate and thallous oxalate and the product of decompo- 
sition of the complex at 170°C behave in the same manner, suggesting the 
intermediate 4 to be a mixture of potassium osalate and thallous osalate. 

TABLE .5 

S-ray diffraction data. d(.k) 

Potassium 
bisoxalato 

thaIlate (III) 

The product 
obtained I)>- 
heating the 
comples at 
170°C 
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X-ray diffraction data, d(,&) 

Prominent peaks of the X-ray diffraction data of the complex, its heated 
product (obtained by heating the complex at 170°C and cooling to room 
temperature under laboratory conditions), t.hallous oxalate, pot.assium osa- 
late monohydrate and anhydrous potassium osalate are given in Table 5. It 
is clear from Table 5 that the heated product contains free thallous osalate 
and potassium osalate monohydrate (and not anhydrous potassium osalate). 
Prominent “d” values of the complex (7.081,, 5.644, and 3.917,) may be 
utiiised to differentiate the potassium salt from the other salts [5,14] of 
bisoxalato thallate( III) ion. 

All these results support the proposed structural formula for the complex 
as K[Tl(C20,),(H,0),] - 2 H20, and the proposed mechanism for its thermal 
decomposition _ 

) 
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