
A D S O R P T I O N  OF S U R F A C E - A C T I V E  S U B S T A N C E S  ON AN, 

,IRON ELECTRODE IN AN A L K A L I N E  S O L U T I O N  

V. V, L o s e v  a n d  B. N. K a b a n o v  

In order to elucidate the mechanisms whereby various additions affect electrode processes it is desirable 
to study the adsorption of the additives on the electrodes .as well as carry out kinetic measurements. In many 
cases a convenient method of measuring adsorption is afforded by measurements of the capacity of the elect-  
rode in an alternating current. Thus, adsorption of organic compounds is generally accompanied by reduction 
in the capacity of the electrode in a certain range of potentials in the vicinity of the potential of zero charge,. 
and also by the appearance of characteristic capacity maxima ('desorption peaks") at the limits of this potential 
range ['i]. Considerable practical interest is presented by the selection of surface-active substances that can 
affect the kinetics of electrode processes at an iron electrode in alkaline solutions; in particular, it is of great 
importance to find additives that will raise the hydrogen overvoltage at an iron electrode and so reduce the 
autosolution of this electrode in an alkali accumulator. 

E X P E R I M E N T A L  

We studied the relation between the capacity of an iron electrode and its potential in 2 N NaOH for 
potentials ranging from - 0.5 to + 1.5 v (against a hydrogen electrode in the same solution) in presence of 
additive~s, namely, tetrabutylammonium sulfate, 2'naphthalenesulfonic acid, hexanoie acid, 0ctyl alcohol, 
sodium arsenite, tannin, alizarin, and phenol. Simultaneously with measurements of capacity, hydrogen-over- 
voltage curves were determined. 

The electrode investigated was a fine wire (diameter 0.22 ram) of chemically pure iron placed coaxially 
in a platinum cylinder, which served as an accessory electrode for the passage of alternating current. All solutions 
were prepared by dissolving chemically p/ire reagents in doubly distilled water, and before the experiments they 
were saturated with nitrogen carefully purified from oxygen. The capacity of the electrode in an alternating 
current was measured with an impedance-compensation system with separate compensation for capacity and 
ohmic components. The alternating current used for the measurements had a frequency of 5000 cycles per 
second. Under these conditions the most probable equivalent scheme of the electrode is a capacity and re- 
sistance connected in parallel, and therefore, after subtracting the resistance of the solution, W e generally re- 
calculated the measured values of capacity (CI) and resistance (Ri), corresponding to capacity and resistance 
in series, to give the value Cz, corresponding to connection in parallel. In most cases the values of C Z differed 
little from the corresponding values of C,. since the value of the tangent of the phase shift was usually greater 
than unity. 

At the beginning of the experiment the iron electrode was subjected to cathodic polarization with a current 
of Ngh density (5 * 10 -z amp/sq ,  cml* After this preparation capacity-potential curves were determined first 
with cathodic and then with anodie polarization. 

The relation between the capacity of the electrode (C2) and thepotential  in pure 2 N NaOH at 5000 cycles 
per second is represented in Fig. 1. As the potential of the electrode is displaced in the positive direction, 
there is a gradual fall in capacity, probably due to increase in the thickness of the passivating oxide layer on 

* The stationary potential of such a semipassive electrode was 0.1-0.2 v against a hydrogen electrode in the 
same solution. 
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Ng,, 1. Relation between capac i ty  and potent ia l  of  

e lec t rode  in 2 N NaOH. 

the iron surface. In the presence of additions of 
te t rabutylammonium stllfate and naphthalenesulfonic 
acid there was a slight lowering of capaci ty  (by 10- 
20%) at potentials more negat ive than 0.3 v. In pre- 
sence of additions of hexanoic acid  and octyl alcohol 

no lowering of capaci ty  was observed. These additions 
have almost no effect  on the value of the hydrogen 
overvoltage; 
acid. 
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Fig, 2. Effect of taunin on the capaci ty  of the e lec t -  
rode; 1) 2 N  NaOH; E) 2 N N a O H + 2 % t a n n i n  

a snqall lowering of the hydrogen overvoltage (30-40 my) is observed only in the case of hexanoic 

These results show that, within the l imits  of accuracy of our experiments,  we were unable to detect  the 
absorption of these organic substances on an iron sur f ace  in an a lkal ine  solution. The reason for the feeble 
adsorbabil i ty of these typical  surface-act ive additives probably lies in the fact that an iron surface in an a lka l ine  
solution is almost always oxidized to a greater or lesser extent. Evidence of the presence of an oxidized surface 
on the iron in our experiments is to be found, in particular,  in the high value of the slope of the overvoltage 
curve (0.2 v). According to the results of Rozentsveig and Kabanov [2], in the case of an unoxidized iron sur- 
face the slope is 0.1 v, whereas in the case of oxidized iron it rises to 0.2 v. The l i terature [3] indicates that 
oxidized iron has a considerably lower tendency to adsorb organic substances than an iron surface free from 

oxides. It is probable that the presence of oxides on the metal  surface results in such powerful hydrophi l i za t ion  
of the surface that specific adsorption becomes impossible. At thesame time, adsorption due to chemical  inter-  
act ion between the part icles  being adsorbed and the electrode surface can occur also at an oxidized surface. 

Since the typical  surface-act ive  additives that we tried had prac t ica l ly  no effect  on the capaci ty  of an oxidized 
iron surface, i t  would appear that, under the given conditions, chemica l  adsorption also did not occur. 
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Fig. 3. Effects of a l izar in  and phenol On the capaci ty  
of the electrode: 1) 2 N NaOH; 2) 2 N NaOH + 0.3°70 
Mizarin; 3) 2 N NaOH + 0.7 N CeHsOH 

As pointed out previously [4], it  is of interest 
to study the effect  of additions of compounds that 
readi ly react  chemica l ly  with iron, both in the ionic 
form and in the form of hydroxides, and so should be 
adsorbed on an oxidized iron surface. As additives of 
this kind we selected tannin, al izarin,  phenol, and 

arsenious oxide. In presence of 2% tannin, the 
capaci ty  of an iron e lect rode (CI) in the negat ive  
potent ia l  region ( f r o m -  0.3 to 0.0 v) is reduced to 
approximate ly  one-sixth of the capac i ty  in pure 
sodium hydroxide solution (Fig. 2). At higher tannin 
concentrations (6.5%) there is no further lowering of  
capaci ty .  At potentials more positive than 0.4 v, 
additions of tannin have no effect  on capaci ty ,  and 
at potentials of  0.9-1.0 v, j udging from the character  

o f  the dependence of potent ia l  on current density and 
on rate of stirring of the solution, anodic oxidation 
of the tannin occurs. An analogous effect on the 
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capaci ty  of an iron e lect rode is shown also by al izar in and by phenol. As can be seen from Fig. 3, addition of 

0.3% of al izar in results in a reduction of the electrode capaci ty  to one-third at potentials ranging from - 0,5 to 

0.0 v. Addition of phenol also results in an appreciable  reduction in capaci ty  at negat ive  potentials.  The sharp 

drop in the capaci ty  of an iron e lect rode observed on the introduction of tannin, a l izar in ,  or phenol into the 

a lkal ine  solution indicates that these substances are adsorbed on the iron surface*. Moreover, at high concent-  
rations of phenol (which, unlike the other additives,  is of high solubility in alkali) ,  the capac i ty -po ten t ia l  curve 
has a high maximuIn,  which appears to be a desorption peak** [1, 5]; this again indicates adsorption of phenol 
at negat ive po'tentials. As can be seen from Figures 2 and 3, at more positive potentials the effects of tannin, 
a l izar in ,  and phenol on the capaci ty  of the e lectrode almost disappear, which indicates that they are desorbed 
from the e lect rode surface. 

The effect of additions of tannin, a l izar in ,  and phenol on hydrogen overvoltage is shown in Fig. 4. Accord- 
ing to Levina's results [4], which refer to the rise in the hydrogen overvol tage at: an iron powder e lect rode at 
high current density (5"10 -3 . -  5"10 -2 amp / sq . cm) ,  in presence of tannin the rise is 40-60 my and in presence of 
a l izar in  it is 60-80 mw#** It must be pointed out that, when the d e c t r o d e  is immersed in a solution having 
additions of tannin and a l izar in  under a powerful cathodic current, constant values of overvoltage and capac i ty  
are not established immedia te ly :  these is a slow rise in overvoltage with simultaneous gradual lowering of 
capaci ty  (Figures 2 and 3), and the overvoltage attains a constant value in 20-30 minutes s imultaneously with 
cessation of  change in capaci ty .  This shows that raising of the overvoltage by ta-nin  and a l izar in  is due to the 
chemica l  adsorption of these substances, tn presence of additions of phenol no rise in overvohage is observed. 

As welt as the effects of the addit ion of organic 

0.6 ~/ substances on the capaci ty  of the iron e lect rode in 
a lkal ine  solutions, we studied also the effect of 
additions of arsenious oxide. Figure 5 shows the 
relat ion between the capac i ty  of the e lectrode (C2) 

45 and its potent ia l  for 2 N NaOH with additions of  
0.002 and 0.2 M NaAsO 2 (arsenic was introduced 
into the solution as As~Oa). At the most negative 
cathodic potentials (from - 0.5 t o -  0.6 v), the 

R~ capaci ty  of the e lectrode in solutions containing 
the additions was 100-110 microfarads /sq .cm,  and 
it remained  almost unchanged with prolonged 
cathodic polarizat ion.  When the cathode current 

0.3 density was reduced to 2-5 X 10 -a a m p / s q . c m  
(the electrode potent ial  then shifted to a value of 
from - 0.40 t o -  0.45 v) in the solution with an 
addition of 0.2 M NaAsO 2, there was a slow fall 

(12 in capaci ty  down to very low values of the order 
-3 -2 -/ log i of 10 microfarads/sq.cm and these values of capaci ty  

were mainta ined  over a wide range of potentials.  
On the capac i ty -po ten t ia l  curve based on deter-  Fig. 4. Effects of tannin, a l izar in ,  and phenol on 
minations made  in the direct ion from positive 

hydrogen overvoltage:  1) 2 N NaOH; 2) 2 N NaOH + 
+ 0.7 N C~HsOH; 3) 2 N NaOH + 2%tannin;  4) 2 N potentials to negat ive (after the e lect rode had been 
NaOH + 0.3% al izarin,  subjected to powerful anodic polarization),  a high 

* We give results of measurements of the capaci ty  of electrodes in presence of addi t ions  of tannin, al izarin,  
and phenol for an equivalent  scheme of series connection of capaci ty  and resistance, because the phase shift is 
appreciably greater than 45 ° in these cases; so that the values of capaci t ies  corresponding to the series scheme 
(C t) differ l i t t le  flora the values corresponding to the para l le l  scheme (Ca). 

** This maximum is observed for cathodic polar izat ion and is therefore not associated with the anodic oxidation 
of phenol. 
' **  These effects, of raising the overvoltage are observed when a lka l ine  solutions containing the additives are 

prepared several  days before the beginning of  the exper iment  (tannin) or when polar izat ion experiments have 
al ready been carried out in the given solution (alizarin);  in the case of freshly prepared solutions effects of 
enhanced 9vervoltage are insignificant (less than 40 my). It would appear that products formed in the slow pro- 
cesses of po lymer iza t ion  or oxidation of the additives in a lka l ine  solutions can have a great effect  on overvoltagc.  
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maximum is observed (Fig, 5, Curve 3') in approximately  t h e  same range of potentials as on the capaci ty  curve 
obtained in absence of arsenic, 
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Fig. 5. Effect of NaAsO 2 on the capac i ty  of the electrode; 
1) 2NNaOHI  2) 2 N N a O H + 0 . 0 0 2 M N a A s O g ;  3) a n d S ' )  
2 N NaOH + 0.2 M NaAsO z. 
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Fig. 6. Effect of  NaAsO~ on hydrogen overvoltage: 
1) 2 N  NaOH: 2) 2 N N a O H + 0 . 0 0 2 M N a A s O 2 ;  3) 
2,N NaOH + 0.2 M NaAsO2. 

This maximum probably indicates part ia l  de- 

sorption of arsenic from t h e  strongly oxidized surface 
of the iron electrode.  In fact,  the sharp fall  in 
capaci ty  after the max imum on Curve 3' is observed 
only for cathodic polar izat ion when potentials rang- 
tug f r o m -  0.1 to - 0.2 v are at tained,  i .e.  adsorption 
of arsenic occurs only after par t ia l  reduction of the 
surface oxides. In solutions to which only a small  
amount of arsenic (0.002 M) has been added, no sharp 
fall  in capaci ty  is observed, although the capaci ty  
in the potent ia l  range o f -  0.8 to + 0.2 v is still re- 
duced to almost one-ha l f  of its value in pure sodium 
hydroxide solution. Figure 6 gives hydrogen-over-  
voltage curves for solutions with the same additions 

of arsenic. It will be seen that addit ion of very small  

amounts of NaAsO~ (0.002 M) raises the hydrogen 
overvoltage by about 100 mv and further increase 
in the concentration of arsenic has almost  no effect 
on the overvoltage. We must ment ion that, at po- 
tentials  corresponding to powerful  cathodic polarizat ion,  
evolution of hydrogen at  the e lect rode is accompanied  
by par t ia l  reduction of AsO 2" ions to As. 

The question naturally arises of whether the 
above-descr ibed raising of hydrogen overvol tage and reduction in the capac i ty  of the e lec t rode  is not associated 
with the appearance  of a surface layer  of reduced arsenic covering much of the iron surface and whether the 
measured values of capac i ty  and overvoltage are not real ly to be at t r ibuted to the arsenic, rather than to theiron 
electrode, It is diff icult  to solve this question finally on the basis of our results. However, the fact that, even 
with prolonged cathodic polar izat ion at a high current density at potentials ranging from - 0.5 to - 0.6 v, the 
capaci ty  of the e lectrode is not reduced, whereas at somewhat higher potentials the capaci ty  falls to approxi-  
mate ly  one- tenth  of its original  value, indicates that dais reduction in capac i ty  is due mainly  not to the for- 
mat ion of a layer of reduced arsenic,  but to some other effect, e.g. the formation of  an adsorptional surface 
compound of arsenic with iron oxides. Thus, according to the l i terature [6], hydrated ferric oxide is c a p a b l e  
of absorbing 'arsenious oxide from solution and the process has the character  of  reversible adsorption. 
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D I S C U S S I O N  OF RESULTS 

This investigation has shown that additions of various typical ionic and nonlonic surface-active compounds 
(tetrabutylammonium sulfate, naphthalenesulfonic acid, hexanoie acid, octyl alcohol) have little effect on the 
hydrogen overvoltage at an iron electrode in alkaline solutions and do not reduce the capacity of the electrode 
appreciably; these substances are apparently not adsorbed on an iron surface under the given conditions. On 
the other hand, additions of substances such as tannin, alizarin, phenol, and arsenious oxide raise the hydrogen 
overvoltage somewhat (except in the case of phenol) and greatly reduce the capacity of the iron electrode at 
negative potentials (from + 0.1 t o -  0.4 v); at more positive potentials these additions (apart from arsenic) have 
almost no effect on the capacity of the electrode. Hence, these additions are adsorbed strongly at negative 
potentials and are desorbed at more positive potentials. The common characteristic determining the chemical 
properties of the organic additives (tannin, alizarin, and phenol) is the presence of hydroxy groups of the phenolic 
type. In alkaline solutions these compounds dissociate to a greater or lesser extent withformation of the corres- 
ponding anions. Numerous data in the literature [7] show that these compounds readily react in the form of 
the ion with hydrated metal oxides, and in particular iron oxides, with formation of insoluble adsorption com- 
pounds. For example, in the interaction of alizarin with hydrated ferric oxide it may be supposed that the 
process proceeds as follows: 

OH 
/ 

~, (0I't)3 -~- NaAz ~ Fe--OH + NaOIl. 
-\  

Az 

The resulting molecule of the alizarin compound of iron appears to remain attached to the surface oxide, i.e. 
a new phase compound is not formed, but an adsorption compound is produced. It is known [8], moreover, that 
the surface of a smooth iron electrode in an alkaline solution is always more or less oxidized; under these 
conditions even prolonged cathodic polarization at high current density will not succeed in reducing the iron 
surface c0mpletely. It is therefore very probable that the mechanism of the adsorption of tannin, alizarin, 
and phenol at an iron electrode also consists in the chemical interaction of the hydroxy groups of these com- 
pounds or the corresponding anions with surface oxides of the iron. 

We express our indebtedness to S. D. Levina for valuable advice, which was of great help to us in carrying 
out this work. 

SUMMARY 

1~ The effects o[ various surface-active additives on the electrochemical behavior of an iron electrode 
in 2 N NaOH were investigated with the aid of measurements of capacity in an alternating current and of 
determinations of polarization curves. 

2. Oetyl alcohol molecules and tetrabutylammonium, naphthalenesulfonate, and hexanoate ions do not 
reduce the capacity of an iron electrode and have little effect on the hydrogen overvoltage; these species, 
therefore, are not adsorbed appreciably on the iron surface. 

3. Compounds that are able to react chemically with ions or oxides of iron (tannin, alizarin, arsenious 
oxide, and to a lesser extent phenol) greatly reduce the capacity of an iron electrode at potentials more 
negative than the stationary potential, and they also raise the hydrogen overvoltage to some extent; this in- 
dicates that these compounds are adsorbed at the slightly oxidized iron surface. At potentials that are more 
positive than the stationary potential, these additives (with the exception of arsenic) have no effect on the 
capacity and are probably desorbed from the iron surface. 
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* [See C. B. translation]. 
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