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ABSTRACT 

A study of the electrode reacti rms of sodium formaldehyde sulf,.. .. 

oxylate (SFS) was made using polarographic techniques. The project was 

undertaken to determine the possible mechanisms of these reactions and 

the number of electrons transferred in each process. The investiga­

tion was made over a wide range of pH. The re.sul ts obtained indicate 

that in basic media the SFS is oxidized •t the dropping mercury elec­

trode ( DME). In acidic media, the SFS undergoes deco.mposi tion, and 

· its reactions form part of th~ complex dithionous acid-sulfurous acid 

system of .electrode rea~tioQSo 
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INTRODUCTION 

Sodium formaldehyde suf~xylate (SFS), which finds wide use in the 

dying industry, has been the subject of few detailed investigation. 

Furness
1 

mentioned that SFS can be oxidized irreversibly at a sta­

tionary platinum electrode in a citrate buffer of pH 4, but no anodic 

wave in thl s medium can occur at the dropping mercury electrode ( DME) .. 

Goebrin~? report.ed that SFS was st.able in neutral and alkaline solutions .. 

Work has been reported by Kunim
3 

and Meyer4 on the thermal decom­

position of SFS . . Kunim found the initial decomposition reaction 

NaHS02 •HCHO-+ NaHS02 -t- HCHO 

between 70° and 120°c~ Meyer proposed a free radical mechanism for the 

initial decomposition . . The suggested decomposition reaction is 

OH 
\. 

H-C-SO H tt 2 

Both Kunim's and Meyer's investigations were carried out in basic solu­

tions. 

It i 's well · kno1m :that SFS is unstable in acidic solutions. The 

reacti-0ns of its inorganic group should be similar or related to those 

of sulfite, bisulfite , and dithionite ions. The kinetics of the elec ... ; ,· 

trode reactions of sodium di thioni te and sodim bisulfi te .aqueous solu­

tions have been the subject of much confu-oversy o-v.er the past twenty 

years. Numerous investigators have studied the problem by means of 

polarographt and chrono-potentiometry. 
Cermak' ' 6 has formulated a scheme of electrode reactions and 

chemical equilihri& which seems to· explain satisfactorily the pola~o­

~raphic behavior of the dithionous-sulfurous acid system in basic and 

acidic solutionso 

His scheme is e.s fol lows: 

2e 
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His work showed that in a basic solution s2o
4
= dissociates to pro­

duce the free-radical ion SO,t, which can either be oxidized reversi-
<J 

bly to so2 or reduced irreversibly to so;. He also found tha~ s2o
4
= 

can be oxidized directly to so2 by the reaction 
- + s -s2o 4- + n2o ___. 2H ~ s2o5 + 2e 

where s2o/ necomposes into sulfite and sulfur dioxide. 

In acidic solution, Cermak found that s2o
4
= produces so; and 

~o2 at first, then so2 can be reduced to so2 and so2= ... At low pH 

values the reduction of so2 to SOf attains a wave height correspond­

ing to a two-electron process due to th& coupling: 

2 s02+ 2e-~ 2802- , 

which adds up to 

so
2 

+ 2e----.;,. S0
2 

= 

These diff'erent mechanisms were considered to be solely dependent on 

the l)H values . but a chemical explanation of this dependence was not 

fnund. The results nbtained hy Cermak are partially confirmed by the 

wnr~ of Kolthoff and co-wor~ers 7 ,B, 9 ,lO ,Bolsaitis 11 and Dunitz12 ... 

Kolthoff f~und that a solution of dithionite buffered at pH 7 produces 

four polarographic waves: 1) A very positive~ aiffusion-controlled, 

anodic wave with E}:O.Ov. vs. SCE, characteristic of sulfite and 

corresponding to the following reversible electrode reaction 

Hg+2so 3= - (S0 3) 2Hg= + 2e-

2) A second anodic wave with E½ = - 0;485v.vs. SCE, kinetically ~on­

trolled , and c:orresponding to _the direct oxidation of dithionite to 

sulfur dioxide .. 3) A diffusion-controlled anodic-cathodic wave cor­

responding to the reversible reduction. of so 2 , with E½:::: - 0.7 v. vs. 

SCE,. 

so; s02+ e 



4) . A kinetically controlled cathodic wave corresponding to the irre­

versi.hle reduction of so2 to so2= appears at E½'=-1.21 v. vs. SCE. 

More recently Liu 13 has proposed the following mechanism for the 

oxidation of the sulfoxylate ion: 

S02; _-e., S02 -e., S02 at pH 3.88 

so= 
2 

-2e at pH 2.77 

The specific role of the u+ ion is also unclear in -this scheme. 

4 

This project investigates the electrode reactions of' SFS in basic 

and acidic media. Quantitative results have been obtained for the 

volRrogra.-phi.c behavior of SFS in basic media which permit, formulation 

of a r~action mechanism. The data obtained for acidic solutions are 

only ~qualitative but they petmit a meaningful discussion of _the chem­

ical s~ecies present in acidic solu~ion~ of SFS~ 
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THEORYl!5, 16 

Polarographic analysis, invented in 1920 by Jaroslav HeyroYsky 

at the Charles University in Prague, rests on .the properties of cur­

rent-ootenti al curves ob't,ained with a dropping merc.ury electrode (DME) or 

other microelectrodes. 

If R well-stirred solution containing an electroactive substance 

is electrol~zed between two large inert metal electrodes, the current­

voltaae curve will have the form sbnwn in Fi~ure la. If the potential 

applied to the rell is .less than the de6amposition potential of the 

solution, Ed, only a very small current flows, while at higher poten­

tial the current i~ given by Ohm's law: i = E·Ed/R• Under these con­

ditions the current is limit .ed only by the electrolytic resistance 

of the solution. The concentration of the. electroactive substance 

at the surface of the electrode is kept equal to that in the body of the 
. ' • 

solution: no concentration polarization exists. 

But if the electrode is very small and if the : solution is un­

stirred, the current voltage curve will have the form shown in Figure lb. 

Increasing the· applied potential decreases the concentration of the 

electroactive substance · at the microelectrode surface until it. becomes 

pra.ctically zero. · A further increase of the applied potential can no 

lonl_!er increase the current, which is now governed by the rate of 

surrply of the e.l ectroactive substance to the electrode surface by 

a proc-ess whose ra.te i.s more or less independent of the electrode po­

tentiA.l. The electrode ia then said to be concentration polarized. 

In ~eneral, the electroactive substance is supplied to the elec­

trorle surface hy either a mass tra.nsfer process, or by a reaction in 

the solution producing it from ~ome other substances. In the latter 

case one speaks of a "kinetic • current" ... In the former case, the lim~ 

i ting current is the sum of three compone·nts: the residual current, · 

the migration current, and the di ffusio11 current~-

The residual current is the small curren;t which would flow even 

in the absence of any elec,troacti v.:e substance.. Since it is due to 

convection,. and this is an. exceedingly di.fficul t process to interpret 
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quanti:ta.t.i,vely, it. is fortunat.e that . it do.es not play a significant 

role when i,olarographic· measuremelrl.s are· made with t.he DME. Convecti.on 

does influenc-re the current observed with. solid micxoeleetrodes, in 

either quiet or st-irred solutions, which is one· o·f the reasons why 

the use of sue h electrodes entails greater· interpre.t.ati ve _ ~omplexi ties _ 

tho.n the DME. 

With the DME, diffusion and electrical m:ii.gration are, the only 

im-portant ma.ss trans fer proc.ess es. Electri .cal migration is restrict-

ed to. ionic s.ubstanc:.es or cl.polar molecules c:apable of undergoing 

directed movem~mt in an electric field .. In the cas_e; of i ·ons, the 

contribution to true limiting current by ele.c.tri.c:al migration depends 

directly on the transfereno·e number of the io·n in the solution and on, 

the electrical potential gradi eJ:ll!t (most.ly· iR) i.n the· vicinity of' true 

electrode surface. , Depending on whether the reducible or oxidizab.le 

ion is a cation or anion, electrical migration may either augment · 

or oppose di f.fusion. The migrrati on current should be eliminated be­

cause i.t is sensitive to small changes in electrolyte composition 

in very di lute electrolytic solutions., This is ac,complished by ad­

dition of a relatively high conc .el'llt:rati,o.n (-...10,0 _times larger than the 

concentrRti on of the subst.anc e being determined) o.f .a "supporting 

e1 ectroly,te." ,.. a salt whose_ iens are neither • redu<;-ed no,r oxidi ze:d at 

the mi. cro e 1 ectrode within the po,t ;enti al range being studied •. Under­

thec. e cnnd i.. ti ons ,,_ the. trans:f erenc.,e nUJJ1ber- of the el ectr0acti v·e ion 

is decreased prA-cti ca1 ly ti:; '7ero,. and the resistance o..f the solu-tiont1-

a.nd thus the iR drop through it., is made = desirably small. 

Th~ 1 imi ting i curre.nt is then con-trolled entirely: by diffusion. 

The rate of diffusive transfer to: the electrode depends directly on 

the extant co,nc.err.tration gradient at tb.e su,rface of the electrode,, or 

roughly on the differenc'e in cone entrati on be.tween the bulk of the 

solution and the, electr;ode surface-~ As the applied potential is 

increased above the decomposj. ti.on, potential am:d the current increases, 

the demand for the elec.tr-oac.tive su,bstance at the elect.rode h1creases~. 

but its conc:entration-. at the ele.ctrode . surface -decreases"' Consequently, 

the rate , of diffusive t~ansfer increases~ Ultimately a . condition is 

reached in which the eleotroactive substance is reduced or oxidized -as 

rRnidly: a.s i .t diffuses to. the electro.de_ su;rfa.ce and its co.nce.µtration 

A.t _ the e1ecti:-o.de sinks_ to. a. minimal v.a.lue which. r,emains practically cons­

ta.nt "'i.th stil.l .,further -increas~ .in potential.,, ':The i :rate of diffusive 
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transfer, dependent on the difference in concentration between the elec­

trode surface and the solution, thus becomes constant, and corresponding­

ly a diffusion~controlled limiting current results. 

1~her-e A.:rse severa] advRntages to the use of the DME. The continu-

a 11.y refreshed c:urfa-ce is conductive to a high degree of reproducibility 

of the current-potential curve, independent of the previous history of 

the electrolysis. Each drop attains an accurately reproducible size 

which depends on the geometry of the capillary and the interfacial ten­

sion between the mercury and the solution. 

The continuously incr~asing area during the drop life causes a 

corres-ponding increase in current with time which results from the 

growth of the diffusion layer away from the electrode surface sa that 

the net result is a complex current-time function. However, the cur­

rent oscillations are so very uniform.that it i s n o more difficult to 

observe their average than t-0 obs.erve a steady.current. This is facil­

itated . by using a, recorder whose period is two or t.hree tin:es· longer 

than the drop time. Thus, while the current oscillates from practical­

ly 7 ero to a maximal value, as each mercury drop grows and falls, the 

recorder -pen oscillates over a very much · smaller range than the true ­

current oscil1 ~tion, but its mean value corresponds very closely t .o the 

average VA lue of the curren_t. 

Stationary microelectrodes are very sensitive to vibrations. On 

the DME, because of the periodic dropping the diffusion ' layer on each 

mercury drop remains quite thin, a.ndthus is relatively insensitive to 

di. sruption by ·convection in the solution. Consequently, in spite of 

the more complex geometry, quantitative interpretati-0n of the current 

at the DME is actually simplef' than at a - solid electrode where mass 

transfer occurs by a combinatic:m of both diffusion and convection. With 

DME it is easy to predict quantitatively -the influence of all factors 

which influence the diffusion c.urrent, but, except. for the special case 

o_f a plane electrode to which diffusion is restricted to be normal to 

the surfRce, such quantitative prediction is, as yet, not possible with 

solid microelectrodes. 

Wi. th the DME,. the average current becomes constant inmmediately 

.after each change of the a-ppl i.ed potential, whereas , with a solid micro.,.. 

electrode, time rnust elapse for the establishment of .a steady ~t,~-t;~ of· 

di. ffusi.on-convecti. on before the current st a.bi liz es. 
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Another vi.rtue nf the DME ,is the very large hydrogen overpoten-

tial on mercury. This, combined with the decreased free energy of reduc­

tion resulting fro~ a~algamation of some deposited metals with mercury, 

makes it pos~ible to secure well-defined waves for ions whose standard 

votential.s lie far above that of hydrogen ion. 

On the other hand, the relative. ease with which mercury its elf is 

oxidized to produce an unlimited increase in anodic current, limits the 

acc-essible anodic range in comparison with a platinum . or gold micro­

electrode. . Anodic polarography with the D~iE is thus limited to rel~ 

ti vely easily oxidi.zed substances whose current-pot.ential curves are 

developed below the po~ential of the anodic diss~lution of mercury~ 

A brief theory of the diffusion current follows •. 

Assume that a small plane solid electrode is placed in a solution 

containing a reducible ion, and that these ions can reach the surface 

nf the electrode,, from only one directioni ( linear ,' diffusion) ~ ., The ob­

s erved diffusion ·current will be given by the equation . 

( l) i:, = n F y A C ( D/1tT) ½ • • 

wherP, !1 is the numbf>r of fara.days consumed per mole of substance reduced 

at the electrode (i.e., the number of equivalents per mo·le) ,, F is t.he 
y 2 ' ' 

number. of coulombs per faraday, ! is the area of the electrade;c{cm. ),-

C is the concentration of reducible ion (moles/1000 cm 3) ,. D is the dif-­

fusion coefficient of the reducible ion ( cm
2 
/sec), 2 is the length o.f 

time for which the electrolysis has proceeded (sec), and i is the . cur­

rent at that ins~ant (amperes) • . 

Since the• drops produced by the DME are very nearly spherical, the 

volume o.f a drop "J seconds after it has . begun to, form is 

y = 4/3tt r
3 = m -1/a 

whe·re r is the radius of the drop, m is the rate of flow of mercury into 

the drop ( g/sec.) and .1 the . de.nsi ty of mercury. .The area of the drop 

is then 
A = 4 1t T 

2 : 4 ff ( 3 m 7 /4 rt d) 2 / 3 

Substitution into , equati.on ( l) gives 

( 2) ( 3G) 1/3 rc:-l/6 n p . • Dl/2 
y C m2/3 

7 
1/6 

Changing the uni.ts of i to microamperes, of C to millimoles per 

liter, and of m to mgs/ sec ., and introducing the numerical ~alues of !! 
and F gives y 

i7 = 464 
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We may now secure the average current by integrating o¥er the life of 

the drop, to secure the number of microcoulombs which flow during that 

time, and dividingthe result by the drop time t, . which is the length 

of time that el apses between the instants at which two, succesive drops 

fall. This gives t 
-- 398 C ( 3) id = 1. [ i~ d g 

t ~ 1 

In this derivatfon it is assumed that the reducible ions reaching each 

smA.11 segment of the clrop surfa.ce . come from only one direction, paral­

lel to the axis_ of a cylinder. Actually, however, they come from points 

whithin a cone whose apex is at the center of the drop: that is, the 

diffusion is rather radial than linear. Since the volume bounded by 
' the cone is greater than that bounded by the cylinder, the curre-nt pre-

dicted by equation (3) is to.o small. Much better agreement with experi­

mental results is .secured by multiplying the right hand side of equation 
J_ 

( 3) by ( 7 / 3) 2 gi vi ng 
J .. 

(4) id: 607 n D2 

which is known as the llkovic 

2/'.J tl/6 C m 

t . 16 
equa 1.on • 

Equation (4) fails badly at low drop times (below 2 seconds) be­

cause the rapid growth and frequent fall of drops cause stirring of the 

solution around the capillary tip, so that excessive amounts of reducible 

material reach the drop surface and the . obse~ved eurren~s are too high. 

Equation (4) may be rewritt~n to permit comparison of data secured 

under otherwise identical conditions but with different. capillaries. 

(5) id 
I::--------

C m2/3 tl/6 
:607 n ½' D 

where I is the "diffusion current constant" •. 

It can be shown that m2/ 3 t 116 , and therefore id is proportional 

to the srnrn.re root of the effective pre sure of mercury o This is the 

basis for ascertaininf whether.the height of a wave is diffusion con..:.. 

trolled. If id/(hHg) is not constant within experimental error over 

a wide range of mercury.pressures, the current must be partially or 

wholly governed by the rate of some process other than diffusion t ,o the 

electrode surface. The occurrence of such a kinetic current depends 

on the existence of an equilibrium, X.tY, where Y is reducible at a 

lower applied potential than X, or where- X is not reducible at all at 

the DME. If the transforl'(littion of X into· Y at the drop surfa~e is rapid 
..... 
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compared to th~ electroreduction of X, the observed current will be 

cont.rolled by the rate of diffusion of X to the electrode surface and 

wi 11 obey the I lkovic equation with, respect to the effects of mercury 

pressure, total concentration, temperature, etc,. 

If, on the other hand, equilibrium in this reaction is attained 

so slowly that no ap-preciable amount of Y is produced in this way during 

the life of a drop, two waves will be secured, provided that Xis also 

reducible at the DME. , 'rhe ratio of the wave heights will then be equal 

to the rAtio of the concentrations of X and Yin the solution, and both 

wave heights will be diffusion conttrolled. 

Most often the rate of the chemical reaction is such that some, 

but not all, of the X present in the diffusion layer is converted into 

Y during the drop life at potentials on the plate-au of the Y wave. If 

the equilibrium concentration of Yin the solution is negligibly small, 

the observed current at the potential at. which Y alone is reducible , 

wi,11 be entire-ly kinetic in nature. Otherwise this current will · be 

the sum of the diffusion current of the Y already present in the solu­

tion and the kinetic current due to the reduction of the additional Y 

produced as a result of the displacement of the equilibrium in the dif­

fusion layer. The first. of these components is diffusion-controlled 

and -proportional to h½. The second is rate-controlled and independent 

of the above factors. 

So, depending on the posi~ion. of the equilibrium · between X and Y, 
.and the rate at which this equilibrium is attained, the observed . current 

'Dlay show any behavior intermediate between that of a true diffusion 

current at one extreme and a pure kinetic cur~ent at the other. Thus 
1 

the WR.Ve height mA.y be pro-porti anal to h 2 , independent · of h, or may 

increase with increasing h but less rapidiy than the , one half-power 

relationship predicts. 

Other kinds of waves can be detecte.d at the DME, such as catalytic 

and adsorpti~n waves, but their study is not pertinent to this report, 

since they have not, been observed during the experimental work. An 

understanding of electro~apillary phenomena, and such related effects 

as the occurrence o:t' maX:ima i .n polarographic waves is of good , use . in, 

po,larographic wo.rk;, yett . these effects have not been o,bseryed , ei:t;her. 

The . equa tion1 of the polaro-graphic wav,e and the cri.teria f9r r~- •• 
·· , 

v·ersi.bility of the electrode . reaction,;. will .. be ,,co:nsiaer~4 ne~-t .. , 
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The simplest case of electrode reaction_ occurs when a substance 

undergoes reversible reduction to a ~product which is soluble in either 

the solution or the mercury· (amalgam).. The electrode reaction may be 

re-pre·sented by 

ox. +- n e- -+ red •. 

If the reaction '[)roceeds reversibly, tha.t is with litt.le or no over­

potential,. the potential of the DME at any point ·on the polarographic 

wave will correspond to the concentrations, strictly activities,, of the 

oxidi'7ed and reduced forms at the surface of the DME,., according to the 

Nernst equA.tion 

(6) E:: E0 
- (RT/nF) ln co /co 

red ox 

where E0 is the standard po~ential of the reaction against the particular 

reference electrode used to measure the _ potential of the DME.- The po­

tential~ refers to the average value during the life of a mercury drop, 

and likewise for the cone entrations., · 

As the potential at the DME is increased over the decomposition 

po·tential, the concentration of the oxidized form at. the electrode sur­

face deer-eases while that of the reduced form increases correspondingly; 

the rnagni tudes of these changes are directly proportional to· the change 

in current •.. If C and c0 are the concentratior.isin the bulk of the solu-: - ~ ' 

tion and at the el~ctrnde surface, we h~ve for the oxidized form 

( 7) c0 
- C - k' i ox· ox· 

where i is the current. ~11en the current attains its limiting value 
. . 

id' c0 may be set equal to zero in equati-on ( 7) •. Then, ox 
k' :: Cox(id 

a.nd it is 

· 607 n nl 
ox 

evident that the constant k' is equal to the reciprocal of 

m2 / 3 ~l/6 • Representing this latter constant by k we may 
OX 

rewrite equation ( 7) as 

(8) C ~ x : (id• i) /k 
O

x : CO ,c ( id i ) / i d 

If the solution originally contains none of the reduced form" then 

· c0 - i/k -• ' red.'."'" •• red 

where kred is the ratio ' id/Cred _ for the anodic wave that would be ob­

served with a solution _ o.·f the reduced form, ., al!lld is defined by the Ilkovic 

equation with D = Dred •· 



Substituting the expressions obtained for the concentrations at 

the e 1 ectrode curface into the Nernst equation we obtain 

E: E0 
- (RT/nF) ln (k /k d) (RT/nF) ln i/(id-i) ox re 

12 

The potential at the . DME at the midpoint of the wave where the current 

is one-half of the diffusion current is the "half-wave potential" ► Be­

cause when i: id/2 the last log term in the abo:ve equat,ion vanishes and 

E1 = E0 
- (RT/nF) ln(k /k d) 

2 ox. re 
and at 25°C,, the equation tA.kes the form 

( 9) E : El - ( 0. 0 5 91 / n) log. i / ( id- i ) 

Thus, when the electrode reaction has the form 
ox.:+ n e- __.,. red. 

a plot of E versus log i/( id- i) yields a straight line with a recip­

rocal slope of 1 .. 059/n, provided the reaction proceeds reversibly., With 

i rreversi bl e reactions the plo.t log will either not be a straight line,., 

or, . if itis, the s10-'Pes will be largAr than that predicted; i.e., the 

r,olarogra11hic w_ave itself rises less steeply than for a reversible re­

actinn. 

The half-wave potential is characteristic of the particular electrode 

reAction, and thus can be used to identify it. If certain other, · easily 

established conditions are sa ti sfi ed the current-potential curve wi 11 

exhibit a limiting current, controlled by diffusion, whose magnitude is 

directly dependent on the concentration of the electroactive specie~. 

This, with the use of the I:lkovic equation, permits the calculation of 

diffusion coefficients if the number n of electrons transferred is known. 

If the electrode reaction is reversible~ can be found using Nernst 

equation for the polarographic wave. In any case a reasonable estimate 

of the diffusion coe-fficient can he made, and!!. found thereof o In t ,he 

case of kinetically controlled ·currents careful study can lead to ex.,. 

tensive knowledge of the chemical eQuilibria within the . solution. These 

are the -phenomena which make polarography such a versatile technique 
for the simultaneous qualitative and quantitative analysis of both 

ariueous and nona(lueous solutions of reducible and oxidi zable substances. 
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AJ?P ARATUS AND PROCEDURE 

The apnara tus consisted of a polarograph: and a cell system. The 

eel 1 system was . a Sargent II-type c e11,_ S-294O1, and a droppin:g mercury 

electrode~ Their arrangement is shown in Fig. 2. The, cell was mounted 

on a stand a.nd cushioned with rubber to minimi7,e vibration. 

The cross me.mber,· was almost fi 11 ed with a 4% agar-saturated KCl gel .. 

Once the gel was solidified, the saturated calomel electrode (SCE) was. 

set up in the reference compartment. Mercury was added to 1-2 ems. deep; 

then an equal thickness of a paste made by stirring equal weights of 

Hg2CI 2 (calomel) and KCl with a little saturated solution of KCl; the 

tube was then filled with KCl solution and an excess of KCl crystals, and 

stoppered tightly. Electrical contact was made by means of a platinum 

wire sealed in at the bottom o.f a glass tube,- which is half filled ·with 

mercury, and lowered into the reference compartment. 

The solution compartment is provided with an outlet stopcock which 

facili ta.tes draining, and with a tube that permits deaeration of the so1u­

tion, by bubbling N
2 

through :. it before running.. By means of a two-way 

stopcock the ga.s is diverted over the solution during the runs. 

The. vo 1 tage between the SCE and the DME, and the current flowing in 

the cell were autorna tic ally recorded in a vo 1 t age:--scanning Sargent Model 

XV Recording Polarograph, S-2931O, at the rate of 0.1 volts per minute.c 

Hal f-wAve -pntenti al data. and diffusion current data. were o.btl'l.ined graphi­

C'td 1 y frnm such records. See Fig. 6. . . 
Nitrogen used f6r sweepin~ out oxygen was oxygen-free HPD grade 

(99.95% purity), and was purified further by bubbling through a stand-

ard chromous ch)oride solution, and vapor saturated by scrubbing with 

oxygen-free distil led water. SF~ used was a commercial product, previously 

analysed by Meyer 4, and reported 87.7± 0.4% pure, its impurities being 

sodium sulfite and sodium thiosulfate. Formalde~yde used was a 30% solu­

tion. Mercury used was doubly distilled. All other chemicals used were 

of reigent grade. 

The su-pporting electrolytes used were, in general, Britton-Robinson 

buffers. Values of pH from 2 to 12 can be obtained by mixing in adequate 

proportions a solution 0.2N in NaPH and a stock solution made o.04M in 

acetic ftcid, O.O4M in phosphoric aci.d and O.O4M in boric acid
18

• The 

stock solutions were also mr:ide O. lM iti potassium chloride. . The pH was 

measured immediately before the runs with a Beckman pH-meter. 
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For each run, the solution side of the cell was thoroughly rinsed with 

distilled water and allowed to drain. Then, 25.00 ml. of the buffered 

e 1 ectro lyte were -pi petted in and N2 bubbled through, the solution for 

at 1enst 1~ minutes. Weighed amounts oft.he substance under study were 

addAd, And he}ped to dissnlve by brief further bubbling. 

The drop time was measured simply by timing 10 drops with a stopwatch, 

with the DME polarized at the same potential at which the diffusion cur­

rent is measured. The rate of mercury f1ow is measured · by weighing the· 

mercury collected from the DME over a measured time interval. 

The cell was not thermostated, but room .temperature remained pearly 

constant during the experiments ·at 25:t 1° C. 
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RESULTS AND DISCUSSION 

In solutions of SFS approximately 10-3.M• well-defined anodic waves 

were observed in the pH range from 7 to 12. No cathodic waves were ob­

served in this range. The value of the half-wave potential was found 

• independent of the SFS concentration. 

The value of the half-wave potential was found dependent on the pH 

of the solution (Fig. 3). The half-wave potentials became more negative 

with increasing hydroxyl concentration, indicating that the free energy 

of oxidation decreases with increasing basicity. Thus OH- ions should be 

~resent on the left side of the equation for the electrode oxidation. 

The effect of added formaldehyde on the SFS electrode oxidation was 

stud i.e<.l qua 1 i tn ti vel y. Addi tio:n of even comparable cone entra tions of for­

ma1 n ehyde to a. bFtsic SFS solution did no.t change the value of the diff'usion 

current or alter the nature of the anodic wave in any detectable way. 
4 Thos, a mechanism 6f the ty~e proposed by Meyer 1 

CH20HS0
2

- -- HSO
2

- + HC0H 

where the initial reaction is the intermediate formation of HS0 2-, can 

be discarded si he e in that case an excess of formaldehyde would affect 

the characteristics of the waves. 

The variation of the diffusion current with SFS concentration was 

measured at pH 11.6. The wave height was found to b~ linearly proportion-­

al to the SFS concentration (Table 1 and Fig .. 4). This means that the 

limiting current is actually diffusion-controlled, and the Ilkovic equa­
tion can be applied. . No measurements were made of -the -variation. of wave­

height with mercury pressure. 

The criterion for reversibility was applied to the anod:ic waves of SFS ... 
• At pH 10.75, it was found that the reaction is irreversible (Table 2 and 

Fig~ 5). Thus the number h of electrons transferred may not be determined 

directly using the Nernst equati~n for the polarographic wave. ~ However• 

the final -pro<luct of the decomposition of SFS in basic media is sulfite 3 ' 4 • 

Thus, n.2 is in<licated :for the number of elec~rons transferred. 

The diffusion current constant was found to be I; 3~73~ Using the 

I lkovic equation a.nd assuming a two-ele.ctron transfer reacti.on, the . dif­

fusion coeffici!mt,. D,,. is found to be 0.95xlo-5 cm. 2/sec. This value is 
• - 10 

close to the value reported by Kol tho ff far the tw:01ooelectro,:n oxidation 

of di thioni te to sulfur dioxide.. This sl;lo,U:ld b-e. so:. in as _mu~h as ,. , the 
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substances are similar and the number of electrons transferred is identical. 

A mechani. sm is proposed for the anodic reaction . of SFS for which -&he 

ini tinl step is the direct two-electron oxidation of the sulfoxylate to· 

the sulfite, followed by the separation of formaldehyde, 

OHO e 
\ II El 0-H 

n-9-s-o + <9o~H 
H 

OH -o 
\ 11 e e 

H-C-S-0 + OH 
I II 

H O 

which add up to 

--- OH 0 
\ ll e 

H-C-S-0 
·I II 
H 0 

0 
ll 

H-C-H + 

CH20H•S02- + 3 OH- - so3= + IlC0H + 2H2o +2e·-

The data gathered for acidic SFS solutions is qualitative., A tabu­

lated summary is presented in Table 3~ 

Acidification of a SFS solution produces sulfoxylate ions.. At 

-pH 5 the, dominant species is so
2 

- ~· The mJrnomer of di thionous acid is 

detected in solution by the cathodic wave at E.1_ = -1 .. 20 v · •. vs. •. SCE. This 
2 -

cRthodic wave, due to the reduction of so2- to so2- ,. di sap-pears below . 

pH:4.85. At these pH's, so 2 is directly reduced to sa
2
=, with consump­

tion of so 2- because of the equilibrium 

2 so2- ~ so2 + so2= 

which is displaced to the right in acid medium.. At these pH's the equi,... 

librium 

S20 4= ., S02 + SO{: 

is also displaGed to the right • . The anodic o.~idation of s 2o4 to so
2 

at 

E_}=: -0.49 v. vs .. SCE is not detectable in SFS solutions because at pH 6.,00 

or higher,. when the concentration of s2o4:: could be significant, there • 

are not many so2 = ions produced by the SFS, . which becomes stable with 

small basicity., These conclusions, based on the data presented,: ca.n be 

-predicted from the scheme proposed by Cermak for the dithionous acid­

sulfurous a~id system., They fai 1, however, to explain in deta,i 1 the role 

of the hydrogen ion. 

With inrreasing acidity, so2= tends to become the dominant species 

in solution. In a. 0.1 N HCl solution of SFS,, .s2o3• ~n~ -~4,0
6
= a;re present. 
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presumably - ;- • 

2 so2- + 2H. __,,.. 2 s2o3 = + H
2
o 

and it is kn<>-wn that the thio:sulfate can be easily ;o<Xidized to· tetra-· 

h . t . 18 t 1.ona e ion •. 

Eventually,- formation of sulfur would be expec.ted through .. the reaction 

s
2
o

3
= + 2 H-1- -+ so

2 
+- S + H

2
0 

'l'he sulfur in the above reac.tion could be detected by the appearance 

of milkiness, and so it was. The smell of H2S wa~ . also detected in 0.1 N HCl 

solutions of SFS ·after about one hour of standing in t.he solution compart­

ment of the H-cell. Marshak19 has found the reaction 

2s02= + 6 H-r ~ S02 + H2S + 2 H20 • 
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CONCLUSIONS 

Sodium formaldehyde sulfoxylate (SFS) yields well-defined anodic 

waves in the pH range from 7 to 12. The diffusion coefficient at 25±-1° C 

is o.95 x 10-5 cm2/sec. The half-wave potential is pH dependent. The elec­
trode reaction is the two-electron transfer irreversible oxidation of sodium 

f 0 rrnaldehyde sulfoxyla te to sulphite and free formaldehyde. 

The chemical equilibria in acidic solutions of sodiun formaldehyde 

su1foxy1ate Are those of the dithionous acid-sulfurous acid system. At 

pH 5, the monomer of dithionous acid is the dominant species; at pH's 

between 5 and 2, the sulfoxylate ir,n also becomes important; at pH 2, 

sulfoxyla.te ion is the dominant species. In 0.1 N acid,. thiosulfat-e and 

tetrathionate ions are present and the eventual products of deiomposition 

are sulfur dioxide, free sulfur, and hydrogen sulfide. 



19 

RECOMMENDA'l'I ONS 

Po 1 arog:raphy s.eems a very versa ti le and fast-moving technique for 

use as an analytical tool in the study of reaction kinetics. Further. use 

of it could be very helpful in the study of the chemical equilib:ria and 

elec-trode reactions of the di thionous acid-sulfurous acid system. Al-­

though much work has been done on the field by other investigators, there 

is still much knowledge to search for. 

1. A more systematic and exhaustive investigation of the anodic 

reaction of s.odium formaldehyde sulfoxylate in basic media should be made, 

in order, both, to confirm the results obtained in this work and to gain 

new knowledge about the influence on the reaction kinetics of such other 

factors as tem~erature, mercury pressure, and formaldehyde concentration. 

2. The study of the polarographic wave du~ to the reversible reduc­

tion of su 1 fur dioxide would permit an accurate determination of the elec­

tron transfer numbers FIS a function of pH, and lead to a more accurate 

knowledge of the diffusion coefficients involved. 

3. A quantitative study of the reactions of this system at high _ 

acidities is needed. 

4. Before further studying of sodium formaldehyde sulfoxylate is 

done, a procedure f_or its purification needs to he developed. 

$ . In the two runs ma.de -with 0.1 N HCl solutions of sodium for~al-­

dehyde sulfoxylate (pH=l.07), the limiting currents of the observed waves 

fluctuated with time. Because of the obvious ga,in in. time, effort, and, 

probably, accuracy, the possibility of using the H-cell as a reac·tion cell 

for these ~r other kinds of reactions should be investigated. 
6.. The set up of the capillary and its attached mercury reservoir 

should be wodi fi ed so as to 1>ermi t the main.taining of a constant mercury 

head and the · easy reading of such· . . 
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TABLE 1 

Diffusion current~ and concentratinn 
n=o.95xio-5 

pH=l 1. 6 E1=-0.36 v.vs. SCE m2/3t 1 6 = 2.37 If n=2, 
' ) 

SFS weight ( gm) C'J(l0 3 
id ( \"A) id/C I 

0 .. 0017 0.505 4.5 8 . . 92 3 .. 76 

0.0010 0.297 2.,4 8.09 3.,41 

0.0027 0.802 7 .,6 · 9 .. 48 4 .. 00 

0.0035 1 .. 04 9.2 8 .. 84 3.73 

o.ooeo 1 . . 78 15 .. 8 8.,89 3,.75 

0.0025 0.743 6.6 8 .. 89 3 .. 75 

ave = 3 .. 73 

Reference Fig. 4 

TABLE 2 

Reversibility of Anodic Reaction 

C=O. 67xlo- 3 M SFS pH=l0.75 E1= -0.28 v-. vs. SCE ia=s.oo \>-~ 
2 

E i ( tA A) id-i i/id-i 

0.20 5.70 o .. 3o 19.0 

0.23 5.04. 0.96 5.25 

0.25 4.44 1.56 2.85 

0.28 3.18 2.82 1.13 

0.30 2.28 3.72 .0 .. 613 

0.33 0.07 5 •. 93 0 .. 0118 

Reference Fig •. 5 
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TABLE 3 
The observed behavior of some substances ' 

pH O)' ~ E½ vs. SCE, volts '-..:., 

SFS 6.64 It) 
-0.71 -1. 20 ~ 

5.94 ~ -0.70 -1.10 II 
O)' 5.41 ~~ -0. 68 -1. 20 

~ '-, 

5.23 ~ I -0. 66 -1. 20 
<I> 

5.07 ~ C\J ~ -0.66 
4.85 t 'i- ~"I -0. 62 -1.30 

~ 
,, ~ · 3.89 

~ ~ -0.56 '- <S . 2.98 I -0. 51 '1- ~ (}) 
2.50 I ti C\J -0.50 ~ (lJ 

~I<) ':::/! 1.07 ~ -{.. -0. 21 -0.48 ~ V) 

1.07 i- ~ -0.14 <::)C'-4 -0. 21 -0. 37 
II V) II so = 10.75 <Y -0.03 C\i 

<:)t\J 3 V) 
5.07 <.r; ' , -0.65 

i 3.88 t t ~ -0. 57 G) .....,_ 

2.98 II '----- -0.52 Q, 

(I 
~ ~ (\., 1-

2.78 ~ -0.49 I .,. ~ J <::)"' 1.99 ~ 11 -0.43 I.I) 

1.07 ~ ~ 
~ -0. 37 C\.. 

s204= 6.92 <:::i o.oo ~ 
-0.49 o! -0.66 -1. 21 1 ~ C\J 

4.04 -0. 55 ~ C) 
N') 

~ ~ 1.84 -0.13 -0. 29 -0.43 ~ 
s2ot ' It 11.6 -0.13 ~('J~ 

U) (/) 
8.0 0.14 -0 .13-

-0.37 t .t 1.07 -0.11 -0. 22 
I (l) 

HCHO 11.6 (\) C\J -1.64 '1- -+. 

10.75 C)(,j "J .;.1. 59 
6.92 ½~ 

-1.40 

The numerical values in this table have been obtained 
in the laboratory; the mechanisms are from the refer-
ences in parentheses. 
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- FIG.4 . • DIFFUSION CURRENT VS. SFS CONCENTRATION 
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