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D I S C U S S I O N  

S E C T I O N  

This Discussion Section includes discussion of papers appearing 
in the Journal of The Electrochemical Society, Vol. 119, No. 5, 8, 
and 10; May, August ,  and October, 1972. 

Anodic Oxidation of Ethylenediaminetetraacetic 
Acid on Pt in Acid Sulfate Solutions 

J. w. Johnson, H. W. Jiang, S. B. Hanna, and W. J. James 

(pp. 574-580. VoL !19, No. 5) 

P. Sidheswaran, V. K. Venkatesan, and H. V. K. 
Udupa9 During the s teady-state  oxidation of EDTA at 
p la t inum electrodes in acid sulfate solutions, Johnson 
et. aL, in the paper under  discussion, identified var i -  
ous reaction products. A definite clue to the presence 
of CH20 was obtained from the mel t ing point of the 
DNP derivative. However, it is very easy to establish 
the presence of CH20 wi th  chromotropic acid by the 
method described elsewhere. 2 After  3 hr  of electrolysis, 
we also noticed 3 a concentrat ion of >10-2M CH20 
formed from 0.SM EDTA. Our evidence strongly sup- 
ports their  observation that CH20 is th rown out into 
the solution. 

The formation of CH20 has been indicated to be due 
to a reverse Schiff-type reaction and the authors of the 
above-ment ioned paper proposed the following two 
steps 

Ac Ac 
] ] 

R--N--CH2" + H20--> R--N--CH2OH + H" [19] 

Ac Ac 
I I 

R--N--CH2OH "-> R - - N - - H  + CH20 [20] 

However, the second step should be either less prob-  
able or a s imultaneous reaction occurs on the p la t inum 
electrode. This opinion stems from the following evi-  
dence: Podlovchenko e t  al. 4 have demonstrated that 
the presence of a hydroxyl  funct ion weakens the C-C 
bond; it has also been noticed by us 3 that  p r imary  al- 
cohols preferent ia l ly  get disintegrated into two frag- 
ments  of which CH2OH is one. The mechanism of for- 
mat ion of CH20 from CH2OH has already been pro-  
posed. 2 Hence, the following mechanism appears to be 
operative 

Ac Ac 
I I 

2Pt + R---N--CH2OH--> R - - N  + CH2OH [1] 
* I I 

Pt  Pt  

H H 

H - -  H-~ H - - C = O  + Pt  + Pt  [2] 
" I 

The observed Tafel slope of ~120 mV is in sharp 
agreement  with ~ ~ 0.5 and A E a / A r  ~ 14 kca l /  
mole/V. However, it is very difficult to establish 
exactly which step decides the rate of the entire re-  
action in as much as so m a n y  reaction intermediates  
are getting formed and oxidized. 

J. W.  Johnson, H. W. Jiang, S. B. Hanna, and W. J. 
James: We were very interested to learn of the similar 

1Fundamen ta l  Elect rochemist ry  Section, Central  E lec trochemica l  
Research Inst i tute,  Kara ikud i  3, Tamil  Nadu, India. 

s p. Sidheswaran,  J. Electroanag. Chem., 38, 101 (1972). 
s p. Sidheswaran,  Unpubl ished work.  
~B. I. Podlovchenko and V. F. Stenin,  Elektrokhimiya, 3, 649 

(1967). 

work with EDTA that has been done by Sidheswaran, 
Venkatesan, and Udupa, and of the close agreement  of 
the experimental  results of the two studies. Our dif- 
ference in in terpre t ing the results appears to center 

Ac 
I 

around the disposition of the species, R--N--CH~OH, 
which was proposed as an intermediate.  In  part icular  
we have proposed a homogeneous, nonelectrochemical 
step (reverse Schiff-type) by which formaldehyde is 
ejected from the intermediate.  Venkatesan e t  al. pro,  
pose a heterogeneous step that  results in  two adsorbed 
fragments, one of which (CH2OH) is the precursor of 
formaldehyde. 

A sequence such as proposed by Venkatesan e t  al.  
was among the m a n y  that  we considered. The one 
presentec~ in our paper was favored because of the fol- 
lowing reasons. 

If bonding should occur between P t  and the ni t rogen 
atom as shown in Step I (SVU sequence), several de- 
sorption and readsorption steps would be necessary to 
account for all the observed reaction products, e.g. ,  
ED3A, U-EDDA, S-EDDA, and EDMA. This does not 
seem likely. A fur ther  consideration is the geometrical 
crowding around the ni t rogen atom by other attached 
groups that makes its accessibility unfavorable  for 
bonding with the electrode. Finally,  protonation of the 
unshared electron pair on the ni trogen atom is also 
quite l ikely which would fur ther  hinder  its adsorption. 

If formaldehyde were produced as shown in Step II 
of the SVU sequence, the fur ther  ionization of the  ad- 
sorbed H would be almost certain, and be associated 
with a 1 CO2/2F coulombic relationship. This re lat ion-  
ship was not observed experimental ly,  though the ob- 
served value could be accounted for by a combinat ion 
of the SVN and JJHJ  sequences. 

Our studies indicate that EDTA is oxidized on Pt  at 
potentials up to ca. 1.6V. It  is doubtful  that  oxide-free 
sites would be available for bonding at these poten-  
tials 5 as required by the SVN sequence. Since no change 
in the reaction sequence with potential  is indicated by 
the exper imental  results, we feel that direct bonding 
(adsorption) between Pt atoms and the EDTA species 
or any  fragments  therefrom should be excluded. 

In  summary,  the sequence proposed by Venkatesan 
e t  al. is a logical one and cannot be completely elimi- 
nated as a possibility. Indeed it may be that  both se- 
quences (or others) are occurring. However, the above 
ment ioned items caused us to favor the sequence we 
proposed. 

Kinetics of Iran Corrosion in Concentrated Acidic 
Chloride Solutions 

E. McCafferty and Norman Hackermon (pp. 999-1009, Vol. 119, No. 8) 

G. Bech-Nielsen:6 This paper, and also a v i r tua l ly  
simultaneous publ icat ion by Darwish, Hilbert, Lorenz, 
and Rosswag, 7 :report some impor tant  and ra ther  un -  
usual  kinetic data for iron electrodes in s trongly acid, 
strongly concentrated, chloride solutions. In  the two 
papers reaction schemes of a similar type are proposed 
for explaining the observed kinetic parameters.  

We would like to point out that  such unusual  ki-  
netic parameters  have been reported previously, to- 

5 S. Gi lman and M. W. Breiter,  Th/~ J o ~ n a l ,  109, 1099 (1962). 
e Chemis t ry  Depa r tmen t  A, The Technical  Univers i ty  of Denmark ,  

Lyngby,  Denmark .  
7 N. A. Darwish,  F. Hilbert ,  W. J. Lorenz,  and H. Rosswag, 23rd 

Meeting of ISE, Extended  Abstracts  p. 213, Stockholm, 1972. 
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gether with the more usual  ones, for i ron electrodes in 
a wide variety of solutions, s-l~ It may well  be that  all 
of the unusual  parameters  will  be found s imul tane-  
ously only when using extremely concentrated solu- 
tions, whereas it has been shown that  dilute, less con- 
centrated, solutions present  conditions for observing 
first (at lower anodic potentials) the usual  behavior  
called the I i - react ion s-ll and then, following a charac- 
teristic t ransi t ion region, the less usual  or less often 
examined behavior  of the I2-reaction. 

The most constant  feature of this lat ter  reaction is 
the higher Tafel slope (from ca. 80 to more than  120 
mV), while the reaction orders with respect to differ- 
ent  anions may be negative lo or positive, 9 and the re-  
action order with respect to pH has been reported to 
be positive ~o or zero. 11 ( A fur ther  indication of t rans i -  
t ion from negative to positive values has been found, 
but  not yet published, in data from the experiments  
wi th  an NH4CIO4-NaC104 solution, pH 5.5-3.0 described 
elsewhere. 9) 

It  is not surprising that  nei ther  the discussed paper 
nor that  of Darwish et al. include descriptions of si- 
mul taneous  observation of the two distinct reactions, 
since it can be seen, 11 and may be shown by general  
considerations, TM that  the regions, where a distinct be-  
havior in accord with either of the reactions wil l  be 
found, are likely to be separated by some 1-3 decades 
of current  density (C.D.). When the I2-reaction is re-  
corded in the range of moderate anodic C.D.'s, it may 
be inferred that  the I t - react ion is only found in the 
C.D. range below the corrosion C.D., which is in accord 
with the usual  inhibi t ive influence on this reaction of 
low pH and high chloride concentrat ion together with 
the promotion of the hydrogen evolution reaction 
caused by lower pH. 

Since we have observed that the I1 and the I2 reac- 
t ion usual ly  occur together as coupled, parallel  reac- 
tions, we have suggested an outline of a kinetic model, 
which accounts for the potent ia l -dependent  t ransi t ion 
between the two processes. ~ An explanat ion of this 
feature is evident ly  of p r imary  importance, and fur ther  
examinat ion  of the influences of pH and anions in the  
individual  steps of the two reactions are now in prog- 
ress. 

In  the last part  of this comment we should like to 
consider the so-called reaction orders with respect to 
pH (--0 log i/O log [H+]) .  The analysis of coupled, 
paral lel  reactions developed by us indicates that  the 
/2 reaction proceeds via an intermediate  complex of 
the composition F e I I ( O H - ) a ( X ) ,  where  X is a ligand, 
usual ly an  anion, s~9 In  most cases known to us (of 
which one has been reported),  ~o the reaction order 
with respect to pH for the I2 reaction is between 0.2 
and 0.3, i.e., much lower than the number  of O H -  ions 
taken up during formation of the intermediate com- 
plex. We therefore suggest that  the observation of a 
negative reaction order wi th  respect to pH for the 
I2 reaction does not  necessarily require the assump- 
t ion of uptake of H + ions (especially not  when  the  
observation is possible at in termediate  pH values, as 
we have seen).  The steps in the mechanism following 
the formation of the above-ment ioned complex should 
mere ly  involve removal  of one or more of the O H -  
ions ( in exchange for halide ions, for example) by H + 
ions, in order to result  in an over-al l  negative react ion 
order with respect to pH (and at the same t ime a 
positive one for the hal ide ion).  

E. McCafferty and Norman Hackerman: We thank  
G. Bech-Nielsen for his interest ing comments and for 
calling our attent$on to the work of Darwish, Hilbert, 
Lorenz, and RosswagF These workers have confirmed 
our observation that  both H + and C1- ions promote 

s H.  Nord and G. Beth-Nie l sen ,  Elzcbrochim. Acta,  16, 849 (1971).  
0 G.  Bech-Nie l sen  and J .  C. R e e v e ,  6th Scandinavian Corrosion 

Congress, chap .  8, G o t h e n b u r g ,  1971, 
io G. B e c h - N i e l s e n ,  23 rd  M e e t i n g  of  I S E ,  E x t e n d e d  A b s t r a c t s ,  p.  

213, S t o c k h o l m ,  1972. 
I .  E p e l b o i n  a n d  M. K e d d a m ,  E$ectrochim. Acta ,  17, 177 (1972).  

as G.  B e c h - N i e l s e n ,  Submitted  to  E~ectrochim. Acta.  

Table I. Polarization resistance for iron in 6N chloride solutions. 

P o l a r i z a t i o n  r e s i s t a n c e  ( o h m - e r a  -~) 
P o l a r i z a t i o n  C a l c ' d  f r o m  

N [H+] c u r v e  S t e r n - G e a r y  Eq .  

1.2 38.6 40.1 
2.4 20.4 24.1 
3.6 21.4 18.8 
4.8 10.3 15.7 
6.0 6.3 9.5 

iron corrosion in concentrated acidic chloride solu- 
tions (i.e., the reaction orders ZH+ and zcl-  are posi- 
t ive),  in contrast  to the usual  cases more f requent ly  
examined (more dilute solutions) for which both zH+ 
and zcl-  are negative. 

Both our results in the paper under  discussion and 
the Darwish data 7 have shown that  a high concentra-  
tion of hydrogen ions in combinat ion with a high con- 
centrat ion of chloride ions is necessary to give the new 
set of parameters  ZH+ : -517 as compared to -51.8 in 
our paper; ZCl- = -50.5 in both our results; and ba = 
60-80 mV in our paper as compared to 120 mV in the 
work of Darwish et al. 

These parameters  are unusual  in the sense that  the 
signs of ZH + and zcl-  in certain concentrated solutions 
are opposite to those in differing, dilute solutions. In  
contrast, in the work of Bech-Nielsen, the unusual  
parameters emerged only after considerable anodic 
polarization (usually about 200 mV) in the same solu- 
tion. The possibility that  the original surface could 
have been modified seems to have been recognized by 
the authors, who usual ly  a t t r ibuted the second Tale1 
region to the appearance of passivation precursors. 

Whether  or not the two sets of observations are 
l inked through a general  scheme of coupled, parallel, 
reactions having widespread validity remains  to be 
seen. We did not examine the region below the cor- 
rosion current  density in any great detail, but  our own 
data do tend to show simple pre-Tafel  behavior 
ra ther  than the existence of a different, i.e., I1, reaction. 
Table I compares polarization resistances obtained 
from the l inear  polarization curve near  the corrosion 
potential  (Fig. 1) with those calculated from the 
S te rn -Geary  equation. 18 Agreement  between the two 
sets of values is general ly good, although a more 
thorough examinat ion of the region close to the cor- 
rosion potential  should be made, as suggested by 
Bech-Nielsen. 

We next  consider the suggestion that  replacement  
of adsorbed O H -  ions by C1- (to give positive ZH+ and 
zc l - )  is equivalent  to uptake of H + ions by adsorbed 
C1-. Consider the two reaction mechanisms in  Table 
II. Mechanism I involves adsorption of C1- ions by re-  
placement  of chemisorbed water  molecules, 1~ followed 
by attraction of H + ions onto chemisorbed FeCl-ads, as 

13 M. S t e r n  a n d  A.  L .  G e a r y ,  This  Journal,  104, 56 ( I957) .  
1~ T .  N.  Andersen  and J .  O 'M.  B o c k r i s ,  Electrochim.  Acta,  9, 347 

(1964). 
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Fig, 1. Polarization curves near the corrosion potential for 6N 
chloride solutions of various acidities. 
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