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" ' 1 1 - 1 2 . 
Decomposition of aqutJWui* iPffutions of dithionite was studied at pH c. 4 and at concentrations 
mostly 2-5 . 10" 3M. Time changes of the concentration of dithionite, sulphide and thiosulphate 
were determined polarographically. Active sulphur and sulphide are formed in the induction 
period of the decomposition. In the fast period the decomposition is autocatalyzed by reactions 
of sulphide with dithionite, sulphite and thiosulphate under regeneration of active sulphur. Thio-
sulphurous acid is also supposed to participate in these reactions. Both the inhibition and the 
acceleration effects of sulphite as well as the effects of thiosulphate, sulphide and sulphur di-
chloride were investigated. The decomposition can be described by equations 

S + 3 S 0 2 + 2 H 2 0 , 

I 2 S + 5 S 0 2 + 2 H 2 0 . 

However, the final composition of the products is the result of parallel and consecutive reactions 
of intermediates H 2 S and S with S 0 2 which finally yield thiosulphate and/or polysulphides and 
polythionates. 

The aim of the present publication is to give a critical survey of the studies of de-
composi t ion of aqueous solutions of dithionite published in the last 20 years and 
to propose a mechanism consistent with the found experimental data. The mechanism 
is based on a number of new results, making use also of the results of previous 
polarographic studies of dithionite solutions, which have remained either unknown 
or have not been taken into account. 

The hitherto published experimental material revealed a very complex behaviour of systems 
containing the decomposing dithionite which is strongly affected by the acidity of the solution1 '2 . 
The rate of decomposition is markedly increased by increasing acidity and temperature. In the 
absence of components which activate or inhibit the decomposition an initial phase was observed 
of a slow, gradually accelerating reaction, which eventually turns into a more or less fast de-
composition3. This behaviour is characteristic of autocatalytic reactions. In the absence of oxi-
dizing agents, the highest oxidation state found is S(IV). Of the lower valence forms of sulphur 
were found thiosulphate, hydrogen sulphide and polythionates. The ratio of the concentrations 
of the products depends besides acidity, temperature and concentration also on the time of analysis 
from the beginning of the decomposition. This is the result of consecutive reactions of the primary 
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decomposition products. Because of this and also because unsatisfactory analytical procedures 
were often amployed, the data on the products and mechanism of the decomposition are more 
than contradictory.* 

According to literature6 , 7 , the products of decompositions in acidic medium are S 0 2 and S 

2 h 2 s 2 o 4 = 3 so 2 + S + H20 . (7) 

In extremely acidic medium (boiling 5M-HC1) the supposed products of the first step are S 0 2 and 
H 2 S (see7 '8) 

3 H 2 S 2 0 4 = 5 S 0 2 + H 2 S + H 2 0 . (2) 

In weakly acidic to weakly alkaline medium the formation of thiosulphate is assumed according 
to pape r s 3 , 9 ' 1 0 

2 N a 2 S 2 0 4 + H 2 0 = N a 2 S 2 0 3 + 2 N a H S 0 3 . (3) 

Sulphite and sulphide are formed in strongly alkaline medium 8 ' 1 0 

3 N a 2 S 2 0 4 + 5 NaOH = 5 N a 2 S 0 3 + Na 2 S + 3 H 2 0 , (4) 

especially in the presence of ions of metals which easily form sulphides10 . In concentrated solu-
tions of dithionite also polythionates were detected as decomposition products7 . 

According to Scholder and Denk 1 0 , reaction (1) proceeds in three steps. The first of them is the 
hydrolysis of H 2 S 2 0 4 (reaction (5)), the second one the condensation of sulphoxylic acid (reac-
tion (6)) and the last one is the decomposition of thiosulphuric acid (reaction (7)), or condensa-
tion of sulphoxylic acid according to equation (8) 

H 2 S 2 0 4 + H 2 0 = H 2 S 0 2 + S 0 2 + H 2 0 , (5) 

2 H 2 S 0 2 = H 2 S 2 0 3 + H 2 0 , (6) 

H 2s 20 3 = S02 + S + H 2 0 , (7) 

2 H 2 S 0 2 = SO, + S + 2 H 2 0 . (8) 

Formation of sulphide in alkaline medium was explained by disproportionation of sulphoxylate 
a n i o n 8 - 1 0 according to equation (9) 

3 S O l ~ = 2 S 0 3 ~ + S 2 _ . (9) 

* This is evident when reading the respective chapters, e.g., in Gmelius Handbuch der an-
organischen Chemie1. The decomposition was studied often in excessively concentrated solutions, 
at high temperatures and in a medium whose acidity varied in the course of decomposition. 
The products were analyzed sometimes only after several tens of hours. Consequently, the papers 
dealing with the decomposition of dithionite solutions give only a qualitative and often even 
uncorrect informations, which are then, in the lack of more accurate data, transferred also to mo-
dern textbooks of inorganic chemistry, e.g. Remy's4 or Cotton and Wilkinson's5 monographs. 
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Decompos i t ion of Di th ioni te in Aqueous Solut ions 3243 

Surprisingly enough , sulphide should by f o r m e d accord ing t o Eqs (2) and (4) only in extremely 
acidic or a lkal ine solutions. 

A more recent s tudy of the decompos i t ion of di thioni te solut ions is tha t of Lister a n d G a r v i e 1 2 

who worked in s t rongly alkal ine m e d i u m (O-LM-NaOH) at concent ra t ions 3 . 1 0 - 2 — 0 - 1 5 M , 
a t abou t 88°C. They f o u n d the decompos i t ion t o be a first-order react ion with respect t o di-
thioni te . The ra te determining react ion is the hydrolysis of di thioni te (reaction (5)). The au tho r s 
supposed th;-»t only N a 2 S 2 0 3 and N a 2 S 0 3 a re the react ion produc ts . Th iosu lpha te is assumed 
to be the p roduc t of the react ion of sulphoxylate with di thioni te 

H S O J + S 2 0 ^ _ = S 2 0 | ~ + H S O J . (10) 

In his paper , J o u a n 1 3 presents the decompos i t ion curves in a 0-1 —0-4M aqueous solut ion 
of di thioni te in water o r in a buffer of p H 4-85 at 16 a n d 25°C. The curves reveal a distinct fast 
initial phase of decomposi t ion , tu rn ing in to the slow phase a f t e r abou t 20—30 min. The au tho r s 
f o u n d the s tabi l izat ion effect of N a H S 0 3 . Their in te rpre ta t ion of the decomposi t ion mechanism 
is based on the concepts of Scholder a n d D e n k 1 0 . 

R inker a n d c o w o r k e r s 1 4 invest igated the decompos i t ion of di thioni te at 60 —80°C bo th in pure 
water a n d in buffer solut ions. However , a comple te analysis was car r ied ou t with only one sample , 
at 30°C a n d a f te r an undef ined t ime. T h e p roduc t s f o u n d were H S O J and S 2 0 | _ . In the induc-
t ion per iod a f luctuat ion of the concen t ra t ion of di thiodini te was f o u n d which d isappeared at 80°C. 
A decomposi t ion mechan i sm was p roposed only for the initial phase, where the decompos i t ion 
ra te is governed by a radical reac t ion yielding th iosu lpha te 

• H S 0 2 + HS2C>4 = . H S O 3 + H S 2 O J . ( / / ) 

This react ion is fol lowed by a fas ter reac t ion between two radicals, yielding sulphite 

• H S 0 3 + . H S 0 2 + H a O = 2 H S 0 3 + 2 H + . (12) 

Rinker and coworkers proved tha t the decompos i t ion is accelerated by a relatively stable de-
composi t ion p roduc t . They tentat ively sugested su lphur as the active componen t . The presence 
of sulphide remained unnot iced. Thei r decomposi t ion curves, de termined by t i t ra t ion with methyl-
ene blue, had a convex shape wi thout inflex, indica t ing tha t the decomposi t ion ra te ei ther con-
stantly increased or at least r emained cons tan t till the decompos i t ion was complete . 

The s tudy by S p e n c e r 1 5 demons t ra tes tha t in concen t ra ted solut ions of N a H S 0 3 , N a 2 S 0 3 a n d 
N a C l , used in electrolytical p roduc t ion of di thionite, a n d with concent ra t ions of di thioni te 
0-2— 1-5M, the decomposi t ion proceeds at p H c. 5-2 as a 1st order react ion with respect t o di-
thioni te and bisulphite. The prevai l ing p roduc t s are th iosu lpha te and t r i th ionate . According 
to Spencer, the ra te determining react ion is 

• H S 0 2 + - S O J + H S O J - > in t e rmed ia t e s . (13) 

The react ion is accelerated by th iosu lpha te in the concen t ra t ion of 0-63m. 
Bur lamacchi a n d c o w o r k e r s 1 6 s tudied the decompos i t ion in unbuf fe red solut ions at higher 

t empera tu re a n d at concent ra t ions higher t h a n 5 . 1 0 _ 2 M . Concent ra t ion of di thioni te was mea-
sured by means of spin resonance. The decompos i t ion curve had , at concen t ra t ion 5 . 10~ 2 M, 
a typical au toca ta ly t ic shape. Addi t ion of bisulphite led t o a decrease of the length of the induc-
t ion per iod . The extent of the fas t phase of the decompos i t ion decreased and the decompos i t ion 
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curve changed, at great concentrat ions of bisulphite, to the shape characteristic of a first-order 
reaction. The shape of the decomposit ion curve is governed by two reactions. The first one, 
catalyzed by bisulphite ion, is supposed to proceed as a normal , autocatalytic reaction of the 2nd 
order. The second reaction is assumed to be much faster , to be catalyzed by sulphur, to start 
af ter an induct ion period and to s top when a certain amount of the decomposit ion product is 
formed, by which the catalyst is removed. The rate of the slow reaction is governed by reaction 
H3). 

Lem and W a y m a n 1 7 - 1 9 investigated the decomposit ion of dithionite in buffered solutions 
at labora tory temperature at p H c. 4. Their results suffered f r o m the fact that their polarographic 
decomposit ion curves did not represent the time dependence of the concentrat ion of dithionite 
itself, as was supposed by the authors , but the dependence of the sum of the concentrat ions of di-
thionite and sulphide. The role of sulphide and of sulphur is limited to the funct ion of electron 
carriers. The t reatment of the experimental data on the reaction rate at the beginning of the reac-
tion is semiquanti tat ive, so that the proposed relation for the dependence of the decomposit ion 
rate on pH, concentrat ions of dithionite and of sulphoxylate is only of orientat ion value. However, 
this relation was used to set up a reaction mechanism. In the induction period the reaction rate 
is determined by the hydrolysis of dithionite (reaction (5)). In the fast phase the decomposit ion 
is governed by reaction (10). According to the authors , the reaction (10) is accelerated by H 2 S 
and possibly also by sulphur by removal of an electron f r o m H S O J under the fo rmat ion of the 
radical « H S 0 2 . This radical reacts with HS2C>4 faster, yielding the radical « H S 0 3 instead 
of the anion H S O J . The radical - H S 0 3 takes then one electron f r o m H 2 S ~ or f r o m S ~ . The au-
thors also proposed an equat ion which should express the course of the whole decomposit ion 
curve. This equat ion yields an S-shaped curve. However , it totally differs f r o m that obtained 
experimentally. Lem and Wayman proved that a distinct increase in the decomposit ion rate 
and the elimination of the induction period ensues af ter addit ion of H 2 S . The decomposit ion is 
slightly accelerated by addit ion of N a 2 S 2 0 3 , whereas addit ion of S 0 2 in various fo rms has a negli-
gible rate-decreasing effect. Z n 2 + , C d 2 + and I n 3 + salts are powerful inhibitors of the decom-
position. 

In the mentioned papers dithionite was determined mostly by chemical analysis 
and by the spin signal of its monomer. Neither of the methods is suitable for the 
determination of intermediates and of the fast changes of their concentrations. 
In contrast to this, polarography, when properly applied, has undoubtedly many 
advantages. It is very sensitive, fast and gives informations on the concentration 
of dithionite, sulphite, sulphide, thiosulphate, trithionate20, tetrathionate and of pola-
rographically active sulphur. In addition, some previously published polarographic 
studies contribute to the elucidation of the decomposition mechanism. These are: 
polarographic study of the electrochemical behaviour of dithionite21 which appeared 
in 1954, and the papers on electrode and chemical reactions in the system sulphurous 
acid-dithionic ac id 2 2 - 2 5 . In 1958 polarographic curves of the solutions of decom-
posing dithionite were published24 from which it can be seen that a product is formed 
in considerable amount which had been not identified at that time (Fig. l). Later on, 
this substance was identified as sulphide. The decomposition curve of dithionite 
was without any inflex, which indicated that the decomposition rate did not decrease 
in the fast phase of the decomposition, untill all dithionite disappeared (Fig. 2). 
Also of importance is the scheme of electrode reactions and chemical equilibria 

Col lec t ion Czechos lov . Chem. C o m m u n . [Vol. 40] [1975] 



Decompos i t ion of Di th ioni te in Aqueous Solut ions 3245 

in the solution of dithionite21, published in 1954 (Scheme l). The compounds are 
presented in non-dissociated form. The arrow +-> means electrode reaction with elec-
tron transfer, the sign reversible electrode reaction, —> chemical reaction and 
chemical equilibrium in the solution. 

(2) H S O -

s o ^ H2SO2i 

H 2 S 2 ° 4 

SCHEME 1 

Electrode and Chemical React ions a n d Equil ibr ia in Solut ions of Di th ioni te 

Evidently, it was proved for the first time that a mobile equilibrium exists between 
the dithionite dimer and its two monomers, the free radicals • H S 0 2 

s7o 2 -
k a 

2 - S O , , K = [ S 2 O j " ] / [ . S O j ] : (14) 

The calculated value of kJy/K was 6 . 10~3 s " 1 mo l" 1 / 2 11/2 (at 40°C)21. Further, 

F I G . 1 

Anod ic and Ca thod ic Waves of Di th ioni te in I ts Decompos i t ion in Acidic Solut ion 
2 . 10 4 M - N a 2 S 2 0 4 , p H 2-7. T ime af ter addi t ion of di thioni te at the momen t of registrat ion: 

I 1 min, 2 4 min, 3 1 min, 4 13 min, 5 16 min, 6 18 min, 7 21 min, 8 27 min, 9 30 min, 10 34 min, 
I I 39 min. 
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the mobile disproportionation equilibrium* (15) was found 

H 2 S 2 0 4 S 0 2 + H 2 S 0 2 . (15) 

The mobility of this equilibrium in acidic medium, as well as the existence of mobile 
equilibrium (14) and of the radical *SOJ were reliably proved on the one hand on the 
basis of the dependence of the heights of polarographic kinetic currents of radical 
• SO J and of S 0 2 on temperature and concentration of dimer S 2 0 4 ~ , and, on the 
other hand, using special polarographic techniques2 1 , 2 3~2 5>2 7 . The equilibrum de-
composition (14) in aqueous solutions of dithionite was found five years later 
again by Rinker and coworkers28 by paramagnetic resonance measurements in solu-
tions.** 

FIG. 2 

Time Dependence of the Height of the Wave 
of Dithionite (curve 1) and of Sulphite 
(curve 2) in the Decomposition in Acidic 
Medium 

2 . 1 0 ~ 4 M - N a 2 S 2 0 4 , pH 2-7. 

The mentioned earlier polarographic measurements demonstrated the following 
facts, important for suggesting mechanisms of the decomposition of dithionite: 
l) H2S is an important intermediate in the decomposition in acidic solutions. 2) The 
participants of equilibria (15) and (14) i.e. S 0 2 and the radical «S0 2 or »HS0 2 

yield measurable anodic and cathodic kinetic waves. Consequently, at least 1/10 of the 
dimer must decompose during the time of one drop, c. in 3 s, to the monomer or to 
S 0 2 . This means that the rate constant of the formation of these components (e.g. 

* The experimental evidence of the existence of disproportionation equilibrium (15) makes 
it possible to understand the decomposition of dithionite in the presence of formaldehyde to 
formaldehyde bisulphite and formaldehyde sulphoxylate and the fast exchange of labelled sul-
phur between bisulphite and dithionite26. 

** In spite of the fact that polarographic study 2 1 was the first paper to prove the existence 
of radical *SOJ and of the monomerization equilibrium (14) quite convincingly, the detection 
of the radical as well as of equilibrium (14) is now ascribed unjustly to Rinker and coworkers. 
Polarographic study2 1 has been abstracted in Chemical Abstracts 2 9 . The other studies have also 
been abstracted 3 0 , however, the abstracts contain gross errors made by the abstractor. 
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reaction (5)) is at least of the order of 10 s"1 . This was also verified by Lynn and co-
workers31 who found the value of the monomerization rate constant km = 40 s - 1 , 
by using the mentioned polarographically determined value of kmjyjK. 

In the present work use was made of polarography for a detailed study of the 
effects of different factors on the decomposition of dithionite in buffered solutions 
at various temperatures and various concentrations. However, most experiments were 
carried out at pH c. 4 and with dithionite concentrations up to 2-5 . 10"3M. 

EXPERIMENTAL 

The curves were recorded with the electronic polarograph LP 60 in a Kalousek vessel in the ab-
sence of air. The capillary used had a bent end according to Smoler32, ensuring that after each 
drop a fresh solution was electrolysed. The normal calomel electrode was used as reference. 
It has a sufficient layer of calomel, so that even in a long recording at constant potential its 
polarization did not occur which would have otherwise shifted the potential scale and change 
the recorded current. 

In applying polarography to the investigation of the decomposition of dithionite it had always 
to be borne in mind that the half-wave potentials of both dithionite and sulphide change with 
pH according to Fig. 3. In a medium of pH between 4-5 and 5-5, both waves cannot be any more 
reliably separated. If the current is recorded at — 0-2 V (NKE) at pH 4-5 in a solutions containing 
both dithionite and sulphide (as it was the case in the work of Lem and Wayman17), the measured 
current is the sum of waves of both components (Fig. 4). Therefore, to follow the time changes of 
the concentration of dithionite alone the current was recorded at a potential when the depolariza-
tion of hydrogen sulphide did not yet occur. At this potential, only a certain fraction of the limit-
ing current is recorded, but this fraction being constant, the time change of the recorded current 
indicated directly the degree of decomposition of dithionite (the true decomposition curve, 
Fig. 5). If the time curves were recorded at more positive potentials, it was always clearly re-
cognized that the actually recorded current is the sum of dithionite and sulphide waves, i.e. 
that the degree of decomposition is always higher than indicated by the recorded current (the addi-
tive decomposition curve). Concentration of thiosulphate was calculated from the difference 

F I G . 3 
Dependence of the Half-Wave Potential of 
Dithionite • and of Sulphite o on pH 

Potential is referred to saturated calomel 
electrode. 

2.0 4.0 6.0 8.0 ,, 10.0 
PH 
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of the currents recorded at —0-3 and —0-05 V (Fig. 4). Polarographically active forms of sulphur 
or of polysulphides manifested themselves by the appearance of the anodic-cathodic sulphide 
wave 3 3 , 3 4 . 

The cathodic current, corresponding to the reduction of S 0 2 , present in the solutions, is al-
ways increased in the presence of dithionite by a kinetic wave of S 0 2 , formed by disturbing the 
mobile disproportionation equilibrium (75) (Fig. 1). Direct evaluation of the concentration 
of S 0 2 , without correction for the mentioned contribution, can be made only after the dithionite 
is completely decomposed. 

0.0 <1.2 -0.8 
li an tfr W fm 

f1* 
ill 

0 2 5 min 

î iMiitti&iJfftfUMyuMyMff 
/ ) 
P? TO! TO! ur ™ I 

1-38 7-41 14-16' 24-25 29-75 3258 35-35 38-25 43:75 min 

FIG. 4 
Time Dependence of the Waves of Dithionite during Its Decomposition 

1 . 1 0 - 3 M - N a 2 S 2 O 4 , p H 4-25, 20°C. 100 mV/absc., f rom + 0 - 2 V. E1/2 of dithionite - 0 - 4 7 V, 
E1/2 of sulphite - 0-42 to - 0-43 V, E1,2 of thiosulphate - 0-15 V. 

FIG. 5 

True Decomposition Curve of Dithionite 
2-5 . 1 0 ~ 3 M - N a 2 S 2 0 4 , pH 4-31, 20°C. Registered at constant potential — 0-45 V. Left 

curve; the wave of non-decomposed dithionite. Right curve: Waves after decomposition. At —0-2V 
the sum of waves of dithionite and sulphide would be registered. 
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Some experiments were made in strongly acidic and concentrated solutions of dithionite, 
using a small test tube, filled with the solution close up to the stopper to make sure that the 
decomposition proceeded in the absence of atmospheric oxygen. The sample taken for polaro-
graphy was of course an appropriately diluted solution in a buffer of p H 6—9 in which the decom-
position practically stopped. The waves of dithionite, thiosulphate, sulphide and active sulphur 
were sufficiently separated (Fig. 6). 

FIG. 6 
Curves of Dithionite and of Intermediates after Various Times of Decomposition 

Initial concentration of N a 2 S 2 0 4 0-2M. Decomposed in 0-5M-H3P04 . Pipetted into a buffer 
of p H 9-2 after: 1 0-5 min, 2 1-25 min, 3 5-5 min, 4 7-25 min, 5 9-5 min, 6 10-75 min, 7 11-75 min, 
8 30 min. On the cathodic side of curve 1 the wave of monomer ' S O ^ at —1-22 V. El/2 of the 
wave of sulphide —0-67 V. 

In following the catalytic effects of sulphide a certain amount of the dithionite solution was 
pipetted into the solution of sulphide or vice versa. During pipetting the solution in the vessel 
was bubbled with nitrogen. It was ascertained in separated experiments that the bubbling does not 
affect the concentration of sulphide or dithionite. 

A mixture of 0*2M citric acid and 0 -2M-Na 2 HP0 4 was used as buffer solution. In studying 
the effect of addition of various substances the resulting p H of the solution was always determined 
and possible changes were taken into account when preparing the buffer. The dithionite used 
contained 96% of pure substance and a freshly prepared solution had p H « 7.* The stock 0-1m 
solution was prepared by dissolving crystals of dithionite in 10~3M-NaC)H at 5°C in the absence 
of oxygen. 

* The p H of the solutions used by Lem and W a y m a n 1 7 in their studies of decomposition 
of dithionite in pure water was 3-5 —4, at the beginning of the decomposition. 
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RESULTS 

The new results are the following: 

1) An anodic wave appears during the decomposition of dithionite, belonging 
to an intermediate whose half-wave potential is at pH up to 4-8 more positive, 
at higher pH values more negative than the half-wave potential of dithionite (Fig. 3). 
According to the shape of the wave and to the pH and concentration dependence 
of the halfwave potential it is the sulphide. 

2) The wave of sulphide attains, after a longer time of decomposition an anodic-
-cathodic character (Figs 4, 6) which indicates the presence of polarographically 
active sulphur and/or polysulphides33'34. 

3) An opalescence appears in the solution at the beginning of the fast period of the 
decomposition, which is caused by the formation of sulphur in colloidal form. This 
finding is in accordance with previous studies. Sulphur disappears from the solution 
only after many hours. 

4) The true decomposition curves of dithionite (without the contribution of sul-
phide) have, after the initial induction period, an almost linear course up to the com-
plete disappearance of dithionite. In some cases a hardly distinguishable inflex can be 
seen, located close to the end of the dithionite decomposition (Fig. 5). 

5) The presence of thiosulphate can be detected in the solution as late as in the 
fast phase of decomposition (Figs 4, 6). 

6) Relative concentration of sulphide at the end of the decomposition decreases 
with increasing initial concentration of dithionite from 30% for 10" 3M solution 
to 2% for 10"2M solutions. However, relative concentration of thiosulphate remains 
approximately constant, c. 10%. 

7) With increasing concentration of dithionite the induction period becomes shorter 
and the rate of decomposition in the main phase increases (Fig. 7).* 

8) The length of the induction period depends, when no other substances are 
added, on the purity of dithionite or its stock solutions. 

9) At the beginning of the induction period dithionite decomposes probably 
in a reaction of the 1st order for dithionite. Since the length of the induction period 
is not precisely reproducible, this conclusion could not be taken as unambiguous. 
Nevertheless, the orders 2, or even 1-5, seem improbable. 

10) The effect of sulphite on the decomposition depends on its relative concentra-
tion and on the moment of its addition. If it is added at pH 4 and at dithionite 

* The length of the induction period is arbitrarily taken as the time in which 5 % of the di-
thionite is decomposed. As will be demonstrated later, the shape of the decomposition curve 
is determined at 1% decomposition predominantly by gradual accumulation o f reactive inter-
mediates. 
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concentration 1 . 10 3m at the very beginning of the decomposition in a concentra-
tion lower than 1 . 10"3m, it causes only a slight shortening of the induction period. 

FIG. 7 

Dependence of the Additive Decomposi t ion Curve on the Concent ra t ion of Dithioni te 
p H 4-05, 27°C. Constant potent ial —0-3 V. Concent ra t ion of dithionite: 1 1 . 10~2M , 2 5 . 

. 10" 3M, 3 2-5 . 1 0 " 3M. Vertical lines denote the height of th iosulphate wave. 

FIG. 8 

Decompos i t ion of Dithioni te if Sulphite is Present in the Solution f r o m the Beginning 
2 . 1 0 " 3 M - N a 2 S 2 O 4 , p H 3-05. Registered at constant potent ia l —0-3 V. 1 21°C, pure di-

thionite, 2 21°C, decomposi t ion in the presence of 2 . 1 0 _ 2 m - S 0 3 ~ , 3 21°C, t ime dependence 
of the height of the wave of thiosulphate . V 11°C, pure dithionite, 2 ' 11°C, decomposi t ion in the 
presence of 2 . 1 0 _ 3 m - S 0 3 ~ , 3' t ime dependence of the height of the wave of thiosulphate . 
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At higher relative concentrations (5 . 10 3 — 1 . 10 2M) the decomposition is con-
siderably inhibited (Fig. 8). No opalescence of the solution appears at all. 

11) Contrary to this, addition of sulphite during the phase of fast decomposition 
increases the decomposition rate (Fig. 9). 

12) If sulphite is present from the very beginning of the decomposition, thio-
sulphate is formed in measurable amounts already before the fast decomposition 
phase (Fig. 8). 

13) At a great excess of sulphite the concentration of sulphide decreases very 
fastly to zero, as soon as the dithionite disappears. 

14) Addition of thiosulphate at the beginning of the decomposition leads to 
a shortening of the induction period, whereas in the fast decomposition phase it has 
no visible effect (Fig. 10). 

15) By addition of sulphur monochloride (l . 10~3M) the rate of dithionite de-
composition becomes immesurably high. Sulphide and active sulphur are immediately 
formed and several minutes thereafter also thiosulphate appears. 

16) Tetrathionate is fastly decomposed in the presence of dithionite. Thiosulphate 
and sulphite appear and the decomposition of dithionite is accelerated. Relative 
concentration of sulphide is lower and decreases fastly to zero. 

FIG. 9 

Effect of Sulphite Added in the Phase of Fast Decomposition 
1 . 1 0 - 3 M - N a 2 S 2 0 4 , p H 4-17, 27°C, — 0-3 V. Concentration of sulphite after its addition 

1 . 10" 2 M. 1 pure dithionite, 2 decomposition after addition of sulphite. The moment of ad-
dition is denoted by arrow. 
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17) The rate of dithionite decomposition is most effectively increased by the ad-
dition of sulphide (Fig. 11), especially in the presence of sulphite (Fig. 12). Already 
when 0-01% H 2 S is added, the induction period of the decomposition of a 2-5 . 10~3M 
solution of dithionite is shortened by 15% at pH 4-3. At high concentration of sulphide 
a part of dithionite decomposes, during the addition, at immeasurably high rate, 
this part depending on the concentration of sulphide. Therefore, the height of the 
anodic wave, measured at the beginning of the decomposition, is not a sum of the 
heights of the sulphide and dithionite waves alone (Fig. 11). The remaining dithionite 
decomposes much more slowly. The fast decomposition is accompanied by immediate 
appearance of colloidal sulphur. At the same time, the concentration of thiosulphate 
increases steeply. Thiosulphate is formed probably in a secondary reaction of active 
sulphur with sulphite and of sulphide with dithionite, and is consumed in a reaction 
with sulphide. After the dithionite has disappeared, the remaining sulphide decom-
poses in a 2nd order reaction with sulphite (Figs 11, 12). 

18) In the decomposition of dithionite under the experimental conditions used 
no measurable amount of polythionate is formed. 

Sulphide as well as active sulphur are also observed in the decomposition of con-
centrated solutions of dithionite in strongly acidic medium (Fig. 6). In qualitative 
experiments a 0-5M solution was decomposed in 0-2M-H3P04. In accordance with 
earlier resul ts 3 , 1 0 , 3 5 , the colour of the solution became, after addition of the acid, 
dark orange-brown and gradually changed to light lemon-yellow. At the end of this 

F I G . 1 0 

Effect of Thiosulphate on the Decomposit ion of Dithionite 
1 . 1 0 ~ 3 M - N a 2 S 2 0 4 , p H 4-11, 27°C,—0-35 V. 1 Pure dithionite, 2 decomposition in the pre-

sence of 1 . 1 0 - 2 M thiosulphate f r o m the beginning. 
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FIG . 11 

Cata ly t ic Effect of H y d r o g e n Sulphide on the D e c o m p o s i t i o n of Di th ion i te 
T h e t ime dependence of the height of anod ic wave was registered at cons tan t po ten t ia l of 

— 0-25 V. p H 3-92, 27°C. Always the s a m e a m o u n t of di t ioni te was a d d e d at t ime t = 0 in to the 
solut ions of su lphide whose concen t ra t ion was: 1 3 . 10~ 4 M, 2 1 . 1 0 " 3 M , 3 2. 10~ 3 M, 4 3 . 10~ 3 M. 
T h e height of the sulphide wave is deno ted S, t ha t of di thioni te D . T h e height of the wave 
measu red a f te r mixing is no t the s u m of the S + D . 

FIG. 12 

Increase of t he Cata ly t ic Effect of H y d r o g e n Sulphide on the D e c o m p o s i t i o n of Di th ion i te in 
the Presence of Sulphi te 

T h e height of the a n o d i c wave was registered at cons tan t po ten t i a l —0-25 V, p H 3-92, 
27°C. C oncen t r a t i on of Sulphide 1 . 1 0 " 3 M (wave height S). 1 d i th ioni te was added t o t he 
so lu t ion in t ime t = 0. T h e resul t ing concen t ra t ion of d i th ioni te a lone in the so lu t ion would be 
2 . 1 0 ~ 3 M (wave height D ) . 2 the so lu t ion before add i t ion of d i th ioni te con ta ins 1 . 1 0 - 3 M 
sulphide a n d 1-2 . 1 0 " 3 M sulphi te . Di th ion i te was added in t ime t — 0. 
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phase, an opalescence by the precipitated sulphur appeared in the middle of the test 
tube. Later on, the solution became milky, decolorized and the sulphur agglomerated. 
In the presence of air the solution became milky first at the boundary solution-air. 
The wave of sulphide could be observed already when the first sample was taken, 
i.e. 30 s after the addition of acid. Thiosulphate appeared in a measurable concentra-
tion only after 10 min. Opalescence appeared after c. 11 min. The sulphide concentra-
tion attained its maximum after 9 min and then decreased very fastly (Fig. 6). Di-
thionite disappeared after 8 min. 

DISCUSSION 

The new experimental results clearly reveal the drawbacks of the mechanisms of de-
composition, suggested in previous publications. Obviously, the mechanism could 
hardly be derived only by analysing the final products after the time of several hours 
or even days. Many studies would have lead to other results, if their authors had 
known or respected the results of earlier publications.* 

The papers, which appeared later on, brought many new data, however even here 
a number of lacks can be found which impair the interpretation of the decomposi-
tion mechanism. Rinker and coworkers14 limit their interpretation only to the induc-
tion period in which only a small fraction of the total amount of dithionite is de-
composed. They postulate the formation of thiosulphate in the primary reaction 
(11) and of sulphite in reaction (72). This is in contradiction with the new data ac-
cording to which thiosulphate is the product mainly of the subsequent secondary 
reaction, whereas sulphite is formed immediately in the first phase of the decom-
position (results 5) and 12)). The decomposition reaction, suggested by Spencer15 

(reaction (13)), is not an interpretation of the mechanism, but only a reaction scheme, 
satisfying the kinetics studied under the conditions when the secondary reactions 
completely obscure the picture of the decomposition. Burlamacchi and coworkers16 

do not refer in their mechanism to any other reactions than Spencer. They do not 
try to propose any reactions leading to the formation of sulphur, neither those which 
play a role in the phase of fast decomposition. The reactions, suggested by Lister 
and Garvie12 and by Lem and Wayman1 7 '1 8 , cannot be correct without further 
specifications. Reaction (10) does not proceed as the main reaction in the fast phase 

* So, e.g., it was known that in the decomposing acidic solution of dithionite cadmium 
sulphide is precipitated upon addition of cadmium(II) salts1 '3 . In the paper of Bernthsen6 

it reads: "Finally it must be said that the solution of sodium dithionite does not give any preci-
pitate after addition of CdS0 4 , however, CdS is formed very soon after addition of H 2 S 0 4 . 
The freed dithionic acid is evidently decomposed under the formation of H 2 S which afterwards, 
if it is not removed from the reaction, reacts with a part of the obviously simultaneously formed 
sulphurous acid to yield sulphur and water." In spite of this, there exists a number of later papers 
in which nothing was known about sulphide as an important intermediate. 
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of the decomposition, since thiosulphate is not formed in this phase at a sufficient 
rate. The empirical decomposition reaction suggested by Lem and Wayman cannot be 
correct, as it leads to an S-shaped decomposition curve, i.e. to a shape principally 
different from the real one. Their decomposition curve does not give the true con-
centration change of dithionite, but the change of the sum of concentrations of di-
thionite and sulphide. 

Mechanism of Decomposition 

In our interpretation of the decomposition reactions we have deliberately limited 
ourselves to the analysis of homogeneous volume reactions which only can be taken 
into account in the induction period and at the beginning of the fast period of the 
decomposition. The scheme includes reactions of the formation of both intermediates 
and of final products and elucidates the mechanism of the reactions in the induction 
period as well as during autocatalytical phase. The intermediates are considered 
to be the result of a series of disproportionation reactions in which the valence 
of sulphur changes. Its highest oxidation state is IV, i.e. sulphite and compounds 
of lower valent sulphur are formed, so that the resulting formal valence of sulphur 
be S(II[), the same as in dithionite. The scheme makes use of the available data of lower 
oxy-acids of sulphur from other papers 1 ' 2 ' 8 , 3 6 and also of the picture supplied 
by polarography 2 1 - 2 5 on the decomposition and behaviour of dithionite. It differs 
from earlier schemes especially in that the formation of final products is not confined 
already to the primary reactions (except for sulphite), but only to the consecutive 
reactions of the intermediates. These are sulphoxylic acid, active forms of sulphur, 
hydrogen sulphide, polysulphides, thiosulphurous a c i d 1 ' 2 ' 3 6 - 3 8 and probably also 
sulphanemonosulphonic acids39 in forms, determined by the pH of the solution. 
The proposed reactions are of course only schematic, in the sense, that they do 
not specify the structures of isomeric acids, and the given ionization degrees are 
purely formal. Also the active forms of sulphur are not specified which can be 
the following: atomic sulphur, hydrate S .H 2 0 , thioperoxide HSOH (see1 '8 '4 0), 
polymeric diradical41, sulphur in the polysulphidic chain or even sulphur in the 
chain of sulphanemonosulphonic acids. The reactions also do not involve other 
species with lower oxidation degree of sulphur, as e.g. the experimentally 
proved, but unidentified substance, which is oxidized at the potential of — IT V 
at pH 6-3 (NCE). This substance must have very strong reduction properties25. 
Further it is assumed that a weak polymerization of sulphur or its incorporation 
into linear chains does not decrease its reactivity and the denotation Sa is used for 
all types of reactive sulphur.* 

* The present mechanism does not exclude the possibility of radical reactions. However, 
a reaction mechanism, based only on radical reactions, would be far more hypothetical than that 
based on non-radical reactions. 
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Induction Period 

At the very beginning of the induct ion period di thionite decomposes in a reaction 
probably of the 1st order. The rate determining reaction could be either disproport io-
n a t e of di thionite 

S 2 0 ^ ~ + H 2 0 H S O J + H S O J (5) 

or its monomer iza t ion (reaction (14)). Po larographic measurements have shown that 
such reactions take place, however, that, their rates are much higher than the rate 
of the decomposi t ion reaction. N o t even the radical reactions proposed by Rinker 
and coworkers (11) determines the rate, since this react ion is of the order 1-5. It has 
been also proved that thiosulphate is no t detectable in the induction period. It could 
be, however, removed in the reactions with dithionite, yielding hydrogen sulphide 

+ S 2 0 ^ ~ + 2 H 2 0 + H + = H 2 S + 3 H S O J (16) 

and sulphur in a consecutive react ion 

2 H 2 S + H S O J + H + = 3 Sa + 3 H 2 0 . (17) 

As will be shown fur ther , bo th H 2 S and Sa have a catalytic effect on the decomposi-
tion, but thiosulphate decreases the induct ion period only at relatively high concentra-
tion (Fig. 10). If it is present in small amount s , the ra te of product ion of H 2 S and Sa 

is so small that it does no t affect the subsequent processes to a decisive extent. Neither 
does it seem that the interact ion of di thionite with one of the componen t s of the 
equilibrium (15), sulphoxylic acid, can be the desired reaction, as the ra te of this 
reaction should be strongly inhibited by increasing the concentra t ion of HSO^~, 
e.g. by lowering the equilibrium concentra t ion of sulphoxylic acid in the solution. 

Therefore is seems probable tha t the decomposi t ion react ion of the first order 
is the slow format ion of sulphoxylic acid in the reactive isomeric fo rm 

S 2 0 * " + H + + H 2 0 = ( H 2 S 0 2 ) i + H S O J . (18) 

In this fo rm, sulphoxylic acid does not recombine fastly with H S O J and it is no t 
in a mobile equilibrium with tha t f o r m which part icipates in equil ibrium (25).* 

The main reactions of the isomeric fo rm of sulphoxylic acid are, under our ex-
perimental conditions, reactions with dithionite, resulting in the fo rma t ion of active 

The p roposed react ion {18) is no t identical with reac t ion (5), s ince in (5) different f o r m s 
of sulphoxyl ic acid were no t dist inguished a n d the existence of d i sp ropo r t i ona t ion equ i l ib r ium (75) 
was not t aken into accoun t . 
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sulphur* 

S 2 0 + ( H 2 S 0 2 ) i = 2 H S O J + Sa (19) 

and probably also, to a much less extent, of thiosulphate 

S2Ol~ + ( H 2 S 0 2 ) i = S2Ol~ + H S O J + H + . (20) 

Development of the Decomposition Reactions 

The irreversible formation of active sulphur according to (19) starts the decomposi-
tion chain of dithionite. In the first step the most probable partner of active sulphur 
is dithionite and reaction ( 2 1 ) takes place 

Sa + S 2 O i " + H + = H 2 S 2 O 2 + HSO3-, (21) 

which yields hydrogen sulphide because of the existence of equilibrium 

H 2 S 2 0 2 + H 2 0 H 2 S + H S O J + H + , (22) 

which is shifted markedly to the side of d i s soc ia t ion 3 7 ' 3 9 ' 4 2 - 4 4 . Reaction (21) proceeds 
probably via insertion of sulphur into the S - S bond which may be described as fol-
lows 

~ o 2 s — S O J + s a = - o 2 s — s — s o 2 - , 

~ 0 2 S — S — S 0 2 + H + + H 2 0 = H 2 s 2 0 2 + HSO3- , (23) 

or via a reaction of a radical type, initiated by a reaction with the monomer of di-
thionite 

• S O J + Sa = . S 2 0 2 , (24) 

• S 2 O J + S2Ol~ + 2 H + - H 2 s 2 0 2 + . S 0 2 + S 0 2 . (25) 

In this initial phase polymerization of sulphur can be neglected. If any active 
sulphur is formed, e.g. in the form of a low polymerized diradical, it collides more 
probably with dithionite than with further sulphur to form a higher polymer. No col-
loidal sulphur appears, nor the reversible reaction leading to thiosulphate 

Sa + HSO3" = S2Ol~ + H + (26) 

* Reactions (19) and (20) are, from a purely schematic point of view, reactions of two forms 
of sulphoxylic acid, one of which participates in equilibrium (15) or is formed from dithionite 
in the moment of the reaction by the shift of the electron pair of the S - S bond. 
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is manifested as yet. Reactions (21) and (22) lead to the formation of further active 
compounds, thiosulphurous acid and hydrogen sulphide. Their formation initiates 
the autocatalytic phase of the decomposition. The decomposition reaction is ac-
celerated by reaction of hydrogen sulphide with dithionite, i.e. by the reaction of one 
of the products with the substrate 

S 2 Oj- + H2S + H+ = 2 Sa + HSO3" + H 2 0 . (27) 

Experimental results show that the decomposition of dithionite is accelerated in the 
presence of sulphite (result 11)). The rate increase may be caused by the formation 
of active complex H 2 S . S 0 2 , if this complex attacks the dithionite easier than hydro-
gen sulphide alone, or by influencing the equilibrium (22) in favour of the unstable 
thiosulphurous acid, or, eventually, by the reaction of H 2 S with HSO^ yielding 
active sulphur according to Eq. (17) which probably proceeds via the same complex 
H 2 S.S0 2 . Thus, the effect of sulphite allows to conclude that also the reaction of di-
thionite with thiosulphurous acid or the complex H 2 S . S 0 2 is important in the 
autocatalytic process 

S 2 O r + ^fs2s02
 = 2 sa + 2 HS0 3 - . (28) 

In reactions (27) and (28) active sulphur which is consumed in reaction (21) is re-
generated always in amounts which allow its reaction with a two-fold amount 
of dithionite. 

The decomposition reactions are also accompanied by the increase of the con-
centration of sulphite. Consequently, sulphur becomes desactivated by the parallel 
reaction (26), yielding thiosulphate. The steadily increasing amount of sulphite is con-
sumed in its reaction with sulphide (17) and new active sulphur enters the system. 
Its another source is the fast reaction of sulphide with thiosulphate 

2 H 2 S + S 2 0 3 ~ + 2 H + = 4 S a + 3 H 2 0 . (29) 

Reactions (22), (27), (28), (17) and (29) thus form a cycle, leading to fast autocatalytic 
decomposition. 

At the beginning of the fast decomposition phase agglomeration of sulphur ap-
pears and opalescence of the solution becomes apparent.* The polymerized sulphur 

* Effective participation of sulphur agglomerates in the decomposition process can manifest 
itself by the formation of microheterogeneous structures on the interphase of which the de-
composition of dithionite may be accelerated. The constant or only slightly retarded rate of de-
composition up to the end of the decomposition is probably determined to a great extent by ad-
sorption of dithionite on colloidal sulphur. 
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can most probably be partly reactivated by reaction with H S 0 3 by incorporation 
into the chain of unstable sulphane monosulphonic acids or their anions 

Sx + H S O J = ~ 0 3 S . S X _ 1 . S H . (30) 

These compounds could react with dithionite according to equation 

" 0 3 S . S x _ 1 . S H + S 2 0 ^ ~ + 2 H 2 0 - " 0 5 S . S x _ 2 . S H + H 2 S + 2 H S 0 3 ~ , 

which is, in the sense of the earlier note, pure formally the sulphuration of sulphoxylic 
acid: 

Sa + H 2 S 0 2 -> H 2 S 2 0 2 -> H 2 S + S 0 2 . (32) 

Analysis of experimental data leads to the conclusion that the main reactions, pro-
ceeding in the fast decomposition phase, can be summarized as in Scheme 2: 

S C H E M E 2 

Decomposition Reactions of Dithionite in the Fast Decomposition Phase after the Induction 
Period Has Been Completed 

Here Sa is active sulphur, Sx polymeric biradical or active sulphur incorporated 
in chains, S i n a c inactivated sulphur, D dithionite and T thiosulphite. 

Discussion of the Decomposition Mechanism 

According to the above proposed Scheme 2 the autocatalytic decomposit ion of dilute 
acidic solutions of dithionite proceeds in the fast period predominant ly through 
several simultaneous cycles under the participation of non-specified active forms 
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of su lphur Sa , H 2 S , S 0 2 , of some of the f o r m s of t h i o s u l p h u r o u s acid and of di-
th ioni te . If the only au toca ta ly t i c reac t ion were the direct reac t ion of only one react ion 
p roduc t , e.g. H 2 S , wi th d i th ioni te , the decompos i t i on curve would necessari ly be 
S-shaped. Howeve r , the exper imenta l ly f o u n d shape is dif ferent . It shows tha t the 
react ion ra t e does n o t decrease du r ing decompos i t i on or it does so only close to its 
end. T h e decompos i t i on curves m u s t consequen t ly be governed by consecut ive 
reac t ions in which m o r e than one d e c o m p o s i t i o n p r o d u c t par t ic ipa te . 

Reac t ions of this k ind a re the reac t ions of H 2 S with H S O J (17) a n d reac t ion 
of H 2 S with S2C>3~ (29). Bo th these reac t ions yield active su lphur in such a m o u n t 
t ha t the decompos i t i on is steadily accelerated by regenera t ion of r eac tan t s in reac t ion 
(21). Bo th p roduc t s , H 2 S a n d H S O ^ con t r ibu t e to the au toca ta lys is also as part ici-
p a n t s of equi l ib r ium (22) sh i f t ing it t o w a r d s the very react ive t h i o s u l p h u r o u s acid, 
which yields f u r t h e r active su lphur by reac t ing with d i th ioni te ( react ion (28)). The 
increased f o r m a t i o n of active su lphur by these reac t ions compensa t e s also f o r its 
losses by agg lomera t i on* or by the f o r m a t i o n of t h iosu lpha te accord ing t o react ion 
(26). 

Direct pa r t i c ipa t ion of hydrogen sulphide in the decompos i t ion of d i th ioni te 
has been p roved in t w o ways : by fo l lowing the effect of add i t ion of H 2 S in to the 
system (result 17)) a n d by analysis of the ob ta ined kinet ic curves which a re in con t ra -
dict ion with the a s s u m p t i o n t h a t h y d r o g e n su lphide f o r m e d in reac t ions (21) a n d (22) 
is removed f r o m the system only by paral le l reac t ion (17) yielding su lphur . 

The catalyt ic effect depend ing on the p r o d u c t of concen t r a t ions of two decom-
posi t ion p r o d u c t s is d e m o n s t r a t e d by exper imenta l results l ) and 17). It agrees with 
the kinetic analysis in the fo l lowing p a p e r 4 5 a n d wi th o the r exper imenta l d a t a on the 
system H 2 S - S 0 2 which pos tu la t e the existence of t h i o s u l p h u r o u s acid a n d of equi-
l ibrium (22) ( s e e 3 6 , 4 2 ) . 

W e were no t able t o p rove exper imenta l ly which of the active f o r m s of su lphur 
par t ic ipates in the decompos i t i on of d i th ioni te . On ly the f o r m a t i o n of p o l a r o g r a p h i -
cally active su lphur was de tec ted (result 2)). Expe r imen t s with f reshly genera ted 
emulsion of col loidal su lphur resul t ing f r o m decompos i t i on of th iosu lpha te in acidic 
solut ions gave n o decisive results . T h u s this p a r t of the concep ts on the decompos i -
t ion is no t suppor t ed by exper imenta l evidence, however , it seems to be an u n a m b i g -
uous result of the kinet ic behav iour of the system. 

The p rob lem of the f o r m a t i o n of th iosu lpha te , which was discussed in all p revious 
in te rpre ta t ions , is closer t o its so lu t ion n o w . U n d e r o u r exper imenta l cond i t ions 
th iosu lpha te can be detected only in the last d e c o m p o s i t i o n stages (results 5) a n d 6)), 
bu t is appea r s earlier in the precence of excess H S O 3 in the solut ion (result 12)). 

* Agglomerated sulphur is probably activated by reactions (30) and (31). However, it neces-
sarily can reenter the reactions only to a small extent because of the low concentration of agglo-
merates. Their effect can be increased if dithionite is effectively adsorbed on them. 
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Obviously it is not a major primary product , but a product of consecutive reactions 
of H S O J with sulphur, whose reaction rate is low in comparison with the processes 
in the main decomposit ion phase. Decrease of the induction period by addition 
of thiosulphate at the beginning of the decomposit ion can be explained by the slow 
format ion of H 2 S and Sa (reactions (16) and (17)). 

The mechanism proposed here is able to explain also further effects found. The 
inhibiting effect of H S O J , added at the very beginning of the decomposit ion, which is 
connected with the appearance of thiosulphate and with the absence of colloidal 
sulphur in the solution, is that H S O J adds the reactive sulphur Sa under the format ion 
of thiosulphate according to equat ion (26) and thus interrupts the sequence of reac-
tions, leading to catalysing products. The strong effect of S2C12 is due to its primary 
hydrolysis to sulphurous acid which decomposes to H 2 S and H S O J , i.e. to com-
pounds which also have an catalytic effect3 7 . The catalytic effect of decomposit ion 
products, also described by Rinker and coworkers as well as by Lem and Wayman, 
can be accounted for the presence of H 2 S together with excess H S O J , i.e. to reac-
tions (27) and (28), since the concentration of active sulphur is necessarily already 
very low. The stabilization effect of Zn 2 + , Cd 2 + , and I n 3 + ions is due to the fact 
that they lower the concentration of hydrogen sulphide by forming salts with low 
solubility p roduc t 1 9 . The fast decomposition of tetrathionate in the presence of di-
thionite allows to suppose that probably also other polythionates are not stable 
in the presence of dithionite. If they are formed during decomposit ion then it is 
only in consecutive reactions of the products. 

CONCLUSION 

It follows f rom the above results that hydrogen sulphide is always present in the 
decomposit ion of dithionite. Therefore, all a t tempts to interpret the mechanism 
of decomposit ion must explain its formation. The decomposit ion scheme prior to total 
decomposit ion is principally the same in differently acidic and probably also in alka-
line solutions. The discrepancies in the earlier results can be explained by the fact 
that the decomposit ion was followed mostly after a considerable t ime had elapsed, 
often even after all the consecutive reactions of the primary products had been com-
pleted which of course proceeded at different rates according to acidity and con-
centrations. 

As a general conclusion, there are two fundamenta l primary reactions: 

1) Non-catalyzed reaction in which active (non-colloidal) sulphur is formed 
and which is effective mainly in the induction period: 

2 H 2 S 2 0 4 = Sa + 3 S 0 2 + 2 H 2 0 ; 
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2) Autocatalyzed reaction, proceeding mainly in the fas t decomposi t ion phase: 

3 H 2 S 2 0 4 = H 2 S + 5 S 0 2 + 3 H 2 0 . 

The react ion in the fast phase is accompanied by secondary reactions of the de-
composi t ion produc ts : 

2 H 2 S + S 0 2 = 3 S + 2 H 2 0 

x H 2 S 0 3 + S x = x H 2 S 2 0 3 

n H 2 S + m SO a = polythionates 

n H 2 S + S x = polysulphides 

Just these parallel and consecutive reactions determine, af ter total decomposi t ion 
of dithionite, the final composi t ion of the products . 
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