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The thermal decomposition of lead thiosulfate (LTS) was studied by various methods: X-ray 
phase analysis, IR and ESR spectroscopy, etc. A mechanism of thermal decomposition is 
suggested, including rupture of the S---S bond and the formation of radicals. According to the 
mechanism, the reaction rate can be enhanced in the presence of the PbS phase. The formation of  
PbS is the cause of the topochemical character of the reaction. The composition of the 
thermolysis products of LTS containing a radioactive isotope of sulfur is predicted. 

The thermal decomposition of  lead thiosulfate (LTS) was studied earlier, and 
shown to proceed in two steps [1]. 

Our aim is to determine the general features of  the reaction mechanism of thermal 

decomposition of  LTS on the basis of  experimental and literature data. 

E x p e r i m e n t a l  

The synthesis of  LTS is described in [1]. IR spectra were recorded with a UR-10  

spectrophotometer with a thermocell. The samples were prepared by pressing LTS 

powder with potassium bromide at 10 t cm -z. Thermogravimetric analysis was 
performed with a vacuum thermobalance at 176-225 ~ ESR spectra recorded with 

A Bruker ER-200D spectrometer at a frequency of  9.62 GHz. The sample was 
heated for 4 min at 250 ~ then cooled down t o  77 K, and the spectrum was 
recorded. 

R e s u l t s  and d i scuss ion  

The solid product of  the thermal decomposition of  LTS is an equimolar mixture 
of lead sulfide and lead sulfate. The thermal decomposition proceeds as follows: 
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PbS20 3 ~PbS + SO 3 (1) 

SO~ + PbS2Oa ~PbSO4 + SO 2 + S (2) 

2 PbS20 3 -~PbS + PbSO, + SO2 + S (3) 

Kharitonov et al. [2] have shown that the decomposition of thiosulfate ions is 
initiated by excitation and rupture of the sulfur-sulfur bond. Comparison of this 
bond energy (64 kcal m o l - 0  [3] with the activation energy of stage (1) 
(22 kcal mol-~) points to a more complicated character of the primary process: 
simultaneous rupture of the sulfur-sulfur bond with the formation of a sulfur-lead 
bond. 

The decomposition is characterized by the appearance and then the disap- 
pearance of an additional absorption at 1070 cm- 1, observed as a "shoulder" of the 
sulfur-oxygen bonding vibration band at 1180-1200 cm- 1. The dependence of the 
thermogravimetrically determined decomposition rate at 190 ~ and the dependence 
of  the absorption at 1070 cm -~ on the decomposition time are symbatic. The 
absorption at 1070 cm-1 perhaps results from the appearance of an intermediate. 
The absorption band shifts to longer waves relative to 1180 cm- 1, the latter value 
being characteristic of oxygen-sulfur bond vibrations in thiosulfate and sulfate 
ions. This is evidence of a weaker oxygen-sulfur bond in the'intermediate, e.g, as a 
result of an elongation of this bond. 

The authors recorded an ESR signal during the thermal decomposition of LTS. 
The signal relates to radicals with a g-factor equal to 2.010. As in Hubin-Gabelica's 
work [4] this signal is identified with the intermediate appearance of SO2-species. 

S-shaped kinetic curves in the coordinate system degree of decomposition vs. 

time, drawn from thermogravimetric experiments in the isothermal mode of 
decomposition, provide evidence of the topochemical character of the process. In 
such a case, the acceleration of a topochemical conversion reaction at the reagent- 
product interface can become much easier if charge transfer is achieved in an 
indirect way, through the prodt~ct phase. Hence, the formation of lead sulfide (the 
electronic conductivity of which is very high) as a reaction product allows an 
explanation of the autocatalytic character of the topochemical decomposition of 
LTS. 

On the basis of the experimental and literature data, the mechanism of thermal 
decomposition of LTS can be written as: 

PbS203 ~PbS + + SO~ (4) 

Heteropolar sulfur-sulfur bond breaking, leading to the appearance of SO~ 
radicals and simultaneous transformation of the lead-sulfur bond. 

SO 3 + PbS20 3 ~PbS04+  520 2 (5) 
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Interaction of SO 3 with lead tiosulfate, leading to reformation of oxygen-sulfur 
bonds and formation of solid product, i.e. lead sulfate (X-ray phase analysis); the 
intermediate state recorded by IR spectroscopy is presumably formed in this stage. 

$202 ---,SO2 + S (6) 

Decay of intermediate species, leading to experimentally recorded SO2 radicals 
(ESR) and formation of atomic sulfur (mass-spectrometry). 

SO2 + PbS § ---,PbS + SO 2 (7) 

Formation of neutral products i.e. sulfur dioxide and lead sulfide (mass- 
spectrometry and X-ray phase analysis). 

It should be noted that reactions analogous to (5) are known in thiosulfate 
solution chemistry [5], where the destruction was shown to start with the formation 
of a three-centre bimolecular complex consisting of two thiosulfate ions. 

In our case, the IR-spectrometric data indicating the formation of a new oxygen- 
sulfur bond during the thermal decomposition show that step (5) is also connected 
with the formation of a three-centre activated complex, where the reformation 
mentioned above takes place 
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In an analysis of the proposed mechanism, it may be observed that the 
incorporation of a radioactive sulfur isotope into LTS in the synthesis should result 
in a set of final poducts which differ in isotopic composition, Let S*, e.g. S(35) be in 
the thiosulfur state. Then 

2 PbS*SOa -~ PbS* + PbS04+ S02 + S* 
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Similarly,  for S* in the sulphosulfur  state:  

2 PbSS*O3 - , P b S  + PbS*O4 + S 

Thus  one can test the p roposed  mechan ism experimental ly ,  by pe r fo rming  the 

thermal  decompos i t ion  o f  LTS with different sulfur i sotope composi t ions .  
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Zmammenfassang - -  Die thermische Zersetzung von Bleithiosulfat PbS203 wurde dutch R6ntgenpha- 
senanalyse, 1R- und ESR-Spektroskopie und Thermogravimetrie untersucht. Ein Mechanismus der 
thermischen Zersetzung wird angegeben, der fiber die Trennung von S---S-Bindungen und die Bildung 
von Radikalen verlfiuft. Nach diesem Mechanismus wird die Reaktionsgeschwindigkeit in Gegenwart 
der PbS--Phase beschleunigt, was den topochemischen Charakter der Reaktion bedingt. 

Ffir die Verteilung radioaktiven Schwefels auf die Zersetzungsprodukte unterschiedlich markierten 
(PbS*SO a bzw. PbSS*O3) Bleithiosulfats wird eine Vorhersage gemacht. 

Pe3~oMe - -  MeTO~aMH peHTreHoqba3OBOFO aHa~g3a, HK- H ~I-IP CHeKTpOCKOnHH H3yqeHO 
TepMHqeCKOe pa3JlOXeHHe THOCyJII~aTa CBHHI~a. I'IpeJMIO~eH MeXaHH3M TepMHqeCKOFO pa3AO~eHH'g, 
BK~lOqaa paciHenyleHHe CB$13H ~ - - S  H o6pa3oBaHHe pa~lltxa~oB. COFJIaCHO npe~JIO~eHHOMy Mexa- 
HH3My, cKopocT5 peaKIIHH MOXeT yBeJ1HqHBaTbC~/ B HpHcyTCTBHH cyJIb@H~a CBHHIIa. O6pa30BaHHe 
cy~bKaa CBHHIIa Bhl3blBaeT TOIIOXHMHqeCKH~ xapa~Tep pea~tmH. YCTaHOBJIeH COCTaB IlpO~yKTOB 
TepMO~lH3a THOCy~paTa CBHHIIa, co~lepxallIHX pa~HoaKTHBHld~ H3OTOH Ogpld. 
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