
1634 

ANODIC OXIDATION 
OF SULPHITES 

F .!hRA FELDA and J.KROFTA 

Department of Analytical Chemistry 
institllte of Chemical Technology , Prague 6 

NOTES 

Received February 12th, 1970 

The anodic behaviour of sulphites has been studied by a number of authors1- 21 mostly on smooth 
platinum electrodesl - 16.1 9. 20. Some authors used also electrodes covered with platinum 
black5.8.19.20, or electrodes made of nickels, golds.17 .19, silverll , and graphiteS.ll.21. They 
found among the anodic oxidation products sulphate or dithionate besides oxygen according 
to the composition of starting solutions, lJH, conditions of electrolysis and state of the electrode 
surface. 

Rozental and Veselovskij13 proposed to utilize analytically the linear dependence of the anodic 
limiting current on sulphur dioxide concentration in the range 10-4 - 10 - 2 mol / I. The method 
was elaborated later by other authorsI4.15.1S who all stated that the results thus obtained are 
largely dependent on the pretreatment of the platinum electrode used, mainly on its anodic-
cathodic prepolarization. The mechanism of the anodic process at the platinum electrode is 
disputable, the yield of the anodic oxidation varies and is always below 100%. 

We therefore studied the mentioned problem anew aiming to define conditions for a current 
efficiency of hundred percent. The principal condition for electrolysis due to a single electrode 
reaction is the occurrence of a corresponding separated wave on the polarographic curve. There
fore we measured polarization curves under various conditions. 

EXPERIMENTAL 

"-... Chemicals and Solutions 

Standard aqueous solutions of sulphite were prepared from reagent grade Na2S03 (Lachema, 
Brno) with the addition of 5% ethyl alcohol (aldehyde-free). The content of Na 2S03 was deter
mined iodometrically, the iodine solution was standardized by thiosulphate and this in turn 
by potassium bromate. All chemicals were of highest purity and the concentratiol}s of solutions 
were, when necessary, determined by standard methods of volumetric analysis. 

Apparatus and Equipment 

Polarization curves were recorded manually with the use of a potentiometer and a type DL 02 
microamperemeter (Metra, Blansko). 

To measure the yield of the electrode reaction, an electromechanical potentiostat was used 
whose basic circuit is shown in Fig. 1. The potential difference between the working El and 
reference E2 electrodes was fed to the input of an electronic millivoltmeter 1 of the type Multo
scop V (Laboratorni pi'istroje. Prague) with a high input impedance. Its output signal was fed 
to the coil of a sensitive deprez relay 2 of the type RD 10,20 I!A (Metra, B1ansko), which con
trolled a transistor relay 3 of the type R 583 (Zavody prumyslove automatisace, Prague) serving 
as a switch for servomotor 5 of the type K 7 A 1 (MEZ, Nachod). The transistor relay was adapted 
so as to enable reversion of the servomotor. The latter was fed from rectifier 4 and drove a 13 n 
potentiometric drum 6 with twenty windings. The revolution rate was controlled by a 70 n 
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rheostat B. The potentiometer was connected to a 12 V storage battery 7. The current flowing 
through the working electrode was measured with a type DL 02 milliamperemeter 9 (Metra, 
Blansko). The maximum error in potential control was ± 5 mV at 1·4 revolutions of the servo
motor per second and at an applied voltage of 5·3 V. 

The electrolytic vessel (Fig. 2) made of "Sial" glass consisted of two compartments, 1 and 2, 
joined with a ground-glass joint. The lower part 1 was provided with an outlet capillary stop
cock 3 and joints for reference electrode 4 and counter-electrode 5. The upper part 2 was 
provided by inlet 7 for addition of reagents, closed by a soft rubber stopper B. Working electrode 
9 was fixed by silicon rubber in tube 6. Reservoir 15 with a base electrolyte was closed by stop
cock 10. Solutions were agitated by magnetic stirrer 11. The vessel had a volume of 33·2 ml and 
could be filled without any residual gas bubble to eliminate errors due to escapement of sulphur 
dioxide from the solution . 

The vessel was filled with a base electrolyte deoxygenated by purified nitrogen. After gas bubb
les had been removed, a freshly analyzed sulphite solution was added by means of a calibrated 
microsyringe (0-0'476 ml) whose hollow steel needle was inserted through stopper B close to the 

FIG. 1 

Basic Circuit of Electromechanical Poten
tiostat 

£, Working electrode, £2 reference 
electrode, E3 counter-electrode, 1 electronic 
millivoltmeter, 2 deprez relay, 3 transistor 
relay, 4 rectifier, 5 servomotor, 6 potentio
metric drum, 7 accumulator, B rheostat, 
9 milliamperemeter. 
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FIG. 2 

Electrolytic Vessel 

15 

1 Lower compartment, 2 upper compart· 
ment, 3 outlet stopcock, 4 joint for reference 
electrode, 5 joint for auxiliary cathode, 
6 joint for working electrode, 7 inlet for 
injecting reagents, B rubber stopper, 9 work
ing electrode, 10 reservoir stopcock, 11 
stirrer, 12 permanent magnet, 13 metal 
fitting, 14 electric motor, 15 electrolyte 
reservoir, 16 polarographic capillary. 



1636 NOTES 

bottom of the vessel, stopcock 10 being opened. The latter was closed after injecting the chosen 
amount and the stirrer was switched on. 

A mercurous sulphate electrode with 1M-H 2S04 of a pencil type served as reference. It was 
provided with a salt 'bridge whose end, closed by sintered glass, was placed in close proximity 
of the working electrode. Another mercurous sulphate electrode with 1M-H 2S04 and with a mer
cury pool of 33 cm2 surface area, covered with a thick layer of mercurous sulphate22

, served as 
cathode. It was separated from the electrolytic compartment by a sintered glass disc. 

Smooth platinum covered with platinum black, smooth gold, and platinum wire with a deposit 
of lead dioxide were used as working electrodes. They were neither mechanically nor chemically 
treated before use. Various methods of pretreatment recommended by certain authors t3 , 18 

cause the electrode to have desirable properties only temporarily and therefore were not used 
in view of possible applications of our results in continual analysis. 

Platinum and gold electrodes were made from pure metal wires, 0·4 mm in diameter and 20 mm 
in length, by sealing into glass. Pla tinum black was deposited electrolytically with an addition 
of lead acetate. Lead dioxide was deposited electrolytically onto a platinum wire 0·5 or 1 mm 
in diameter and 20 mm in length. Before the deposition of lead dioxide the platinum wire was 
polished by emery paper (Schroder 6/0 and 6/0 F), treated for 15 min by chromosulphuric acid, 
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FIG. 3 

Polarization Curves 
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Q'5M-H2S04 + 2 .1O - 3M-Na2S03; 
and 2 without sulphite. 1 Smooth platinum 
or gold electrode; 2 platinized platinum 
'electrode; ] smooth platinum electrode; 
4 smooth gold electrode; 5 platinized plati
num (see current scale on right-hand side). 
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FIG. 4 

Polarization Curve on Pb02 Anode 
1 Q'5M-H2S04 ; 2 0'5M-H2S04 + 1·81 x 

x 1O- 3M-Na2S03' 
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rinsed with distilled water, polarized anodically for 10 min in 50% H 2S04 by a current of 2 A, 
rinsed with distilled water and finally plated with lead dioxide. This pretreatment of the platinum 
wire resulted in an equal and well-adhering deposit. Lead dioxide was deposited at I mA/cm2 

for 100 hours from a solution of 0'5M-Pb(N03h + 0'5M-HN03 after Sugin023 . The layer thus 
obtained was about 0·4 mm in thickness and consisted after Sugin023 of J3-Pb02 which is more 
stable in acid medium than the a: modification24. After finishing the electrodeposition, the elec
trode was stored for 12 hours in distilled water before use. In the meantime between successive 
measurements it was also stored in distilled water. 

Some electrodes thus prepared gave rise to bubbles of oxygen on the place of contact between 
lead dioxide and glass during anodic polarization. This phenomenon was attributed to creeping 
of electrolyte along the glass surface to the platinum enabling evolution of oxygen at a lower 
overpotential than on the lead dioxide. Good functioning of the electrode was thus hindered . 
Therefore, the neck of the dry electrode was sealed by a polyesther resin under vacuum to ensure 
fi ll ing of pores with the resin which solidified after about two hours. 

During recording the polarization curves, the polarizing voltage was changed in 100 mY steps 
and the stationary current va lues were recorded. The solutions were stirred at a constant rate. 
One series of measurements was always performed with solutions of sodium sulphite in 0·5M
NaOH, the other in 0·5M-H2 S04 . 

RESULTS AND DISCUSSION 

The curves obtained with all electrodes in alkaline solutions were the same in the absence as 
in the presence of sulphite. The polarization curves obtained in acidic solutions with the platinum, 
gold and platinized platinum electrodes are shown in Fig. 3. All three curves exhibit practically 
already at their beginning an increase of current followed by an abrupt decrease. Kljanina and 
Slygin2 0 , who observed this effect with a platinized platinum electrode, attributed the current 
increase to oxidation of sulphur dioxide to sulphuric acid, and the drop of current to adsorption 
of oxygen on the electrode to such an extent that it hinders the anodic oxidation of sulphur 
dioxide. At any rate, it is obvious from Fig. 3 that the mentioned electrodes cannot be used for 
quantitative oxidation of sulphur dioxide. 

TABLE I 

Current Efficiency of Electrooxidation of Na 2S03 on Lead Dioxide Electrode 

Initial amount Unconverted Charge Current 
of Na2 S03 Na 2 S03 passed Conversion efficiency 

mg mg coulomb % % 
-------------_ .. 

18·537 2·80 24·0221 84·88 100·29 
24·618 0·90 36·687 96·34 98·97 
30·503 1·00 44·896 96·72 100·84 

6·845 2·95 6·028 56·90 98·91 
6·872 1·65 7·910 75'98 101 ·06 

48·375 5·65 65'412 88·32 99·99 
171·257 14·70 235·893 91·41 101-60 
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In Fig. 4 are shown the polarization curves obtained with the lead dioxide electrode. Curve 1 
corresponds to 0'5M-H2S04 ; curve 2, obtained after addition of sulphite, exhibits a well-defined 
wa ve with half-wave potential of 0·965 Y (1 '64 Y against N .H.E.) . Its limiting current extends 
over about 0·3 Y. At 1·3 V (against Hg/ Hg2S04 ) the current increases steeply and at 1·39 Y 
oxygen evolution was observed. The half-wave potential is reproducible to ± 15 m V with the 
same electrode or to ± 25 mY with different electrodes of the same type. 

The current efficiency of the electrode reaction was measured at the potential of 1·05 Y corres
ponding to the middle of the horizontal portion of the wave (maintained consta nt by the poten
tiostat). The electric charge consumed was measured by an iodine coulometer. Into the electro
lytic vessel (Fig. 2) was inserted a dropping mercury electrode which together with the counter
electrode could be connected by means of a switch with a type LP 60 polarograph (Laboratorni 
pristroje, Prague). The dropping electrode served as cathode to determine the remaining amount 
of SUlphite in the electrolytic vessel after the electrolysis was interrupted . Use was made of the 
linear dependence of the height of the reduction wave of sulphur dioxide on concentration 
in acidic medium25 - 27 . 

The current efficieny values determined from the consumption of sulphite during electrolysis 
and from the a mount of charge are summarized in Table I . We assumed that the anodic reaction 
proceeded according to the equationll ,13 

The current efficiency was 100 ± 1'6% in the range of sulphite concentrations 1'53 . 10- 3 to 
3'85.10- 2 mol/I. This result is an evidence that the final oxidation product at the lead dioxide 
electrode is sulphuric acid. If it were dithionate, the current efficiency determined as above would 
be about 200%, and jf it were persulphate the current efficiency would be about 66%. 

The mechanism of the electrode reaction, whose study was beyond the scope of the present 
work, involves obviously a chemical reaction of sulphurous acid with lead dioxide, so that the 
latter plays a role of a catalyst electrode. Namely at higher sulphite concentrations the originally 
black lead dioxide turns brown; simultaneously the current decreases and the-dependence of cur
rent on the concentration of sulphite is no more linear. The electrodes thus passivated can be 
regenerated by anodic polarization in sulphuric acid solution to restore their original properties. 

The described anodic oxidation can be probably utilized in analytical determination of sul
phites. A technical application seems possible in production of sulphuric acid from sulphur diox
ide28

• 

REFERENCES 

1. Wiedman E.: Elektrizitiit, Vol. 2, p. 516. Leipzig 1831. 
2. Faraday M .: Exper. Res. Lect. 7, 755 (1834). 
3. Boehringer und Sohne: DRP 117129 Kl. 12 k. 
4. Wacker K.: Brit. Pat. 3183 (1895). 
5. Friessner A.: Z. Elektrochem. 10,265 (1904). 
6. Foerster F. : Elektrochemie Wiisseriger Losungen, III. Aufl., p. 813. Barth, Leipzig 1922. 
7. Essin 0.: Z. Elektrochem. 34, 78 (1928). 
8. Glasstone S., Hickling A.: J. Chern. Soc. 1923, 829. 
9. Basset H., Henry A. J.: J. Chern. Soc. 1935,914. 

10. Bancroft W. D.: Trans. Electrochem. Soc. 71, 195 (1937). 
11. Ivanev I. F.: Z. Prikl. Chim. 13, 181 (1940). 
12. !vanev I. F.: Z. Prikl. Chim. 14, 355 (1941). 

Collection Czechoslov. Chern. Cornman. IVol. 361 (1971 ) 



NOTES 1639 

l3. Rozental K . 1., Veselovskij V. I. : Z. Fiz. Chim. 27,1163 (1953). 
14. Kuzima N. N., Songina O. A.: Izv. Vyssich Ucebn. Zaved., Chim. i Chim. Techno!. 6, 201 

(1963). 

15. Gonzales J. , Capel-Boute c., Decroly c.: Compl. Rend . 256, 5548 (1963). 
16. Borisova R . L, Veselovskij V. 1.: 7.. Fiz. Chim. 27, 1195 (1953). 
17. Ldneva K. A., Borisova T. I., Slinko M. T .: Kinetika i Kataliz 2,854 (1964). 
18. Seo E. T ., Sawyer D . T. : J . Elcctroanal. Chem. 7, 184 (1969). 
19. Bognanovskij T . A., Slygin A. I.: Z. Fiz. Chim. 32, 4 18 (1958). 
20. Kljanina G. L. , Slygin A. 1.: Z. Fiz. Chim. 36,1310 ( 1962). 
21. Novak J . V. A.: This Journal 25, 3098 (1960). 
22. Strafelda F., Matousek J.: Thi s Journal 31, 471 (1966). 
23. Sugi no K., Tomanari T. , Takahashi M.: J. Chem. Soc. Japa n 52, 972 ( 1954). 
24. Angstadt R. T., Venuto C. I. , Ruetschi P.: J. Electrochem. Soc. 109, 177 (1962). 
25. Cermak V.: Chem. Iisty 51,2205 (1957). 
26. Cermak V.: Chem. listy 51,2213 (1957) . 

27. Strafelda F., DoleZal J.: This J ournal 32, 2707 (1967). 
28 . StrMelda F., Krofta J.: Czechoslov. Pat. 1934- 71. 

Translated by K. Micka. 

----- - --------------------_._-- - ---------

CHEMISTRY OF BORANES. XXII. * 

THE ACIDITY OF BORANES 

S.HERMANEK and H.PLOTOVA 

1nstililte of Inorganic SyllIheses, 
Czechoslovak Academy of Sciences, Prague - Rei 

Received January 22nd, 1970 

The acidity of boranes was already v bserved more than ten years ago l but all relative da ta are 
rather scant and often mutually contradictory2 - 9. The dependence of their acidity on the type 
of solvent is an interesting feature. While in aqueous ethanol decaborane is a strong monoacid J • J 1. 

in ether it is ten times less acid than phenols ,9 . It is not known certainly under which conditions 
it can function as a diacid9 and it is not clear which of the possible tautomeric anions 
BIOH13 - and under which conditions they applyll. In addition to the monoanion structure 
Lipscomb also proposed the structure of the unknown dianion B IOH 12

2- (rer.ll) which was 
recently identified 12. 

Still less clear is the situation in the case of borane n-B IS H 22 13. The structure of its 
monoanion BISH21 - was also proposed by Lipscombll . Later on the existence of dianion 
B1SH202- (ref. 13) was also proved . 

In order to clasify the controversies around higher boranes and the functionality of their 
anions we investigated the behaviour of decaborane and octadecaborane in some solvents miscible 
with water potentiometrically. 

Part XXI: This Journal 35, 2488 (1970). 
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