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It is shown that alkaline hydrogen peroxide cannot 
serve as a source of superoxide radicals without the 
presence of a catalyst. Addition of superoxide dis- 
mutase to alkaline hydrogen peroxide solution results 
in an immediate drop in the concentration of super- 
oxide radicals, followed by an increase in the radical 
yield, because the enzyme is attacked by OH radicals 
and transformed into an active (but dismutase-inac- 
tive) catalyst of hydrogen peroxide decomposition. 

Introduction 

In a recent paper by Symonyan and Nalbandyan 
[ 1 ] it was stated: “Superoxide radicals in high con- 
centration were generated from alkaline HsOa 
without using catalyst or irradiation.” We willingly 
agree with these authors that their method is suitable 
for the production of superoxide radicals without the 
extra addition of a catalyst, but we dispute that 
radical production could be realized in the absence of 
catalyst. Experimental evidence and further com- 
ments will be reported below. 

Results and Discussion 

Although hydrogen peroxide is an unstable mole- 
cule from a thermodynamic point of view, its sponta- 
neous decomposition (dismutation) into dioxygen 
and water is very slow (if it takes place at all) if cata- 
lyzing impurities have been thoroughly removed from 
the aqueous solution [2, 31. Symonyan and 
Nalbandyan [l] reported that the iron and copper 
contents in hydrogen peroxide were found to be 
lower than the detection limits of these ions using o- 
phenanthroline and bathocuproin disulphonate 
reagents. We agree that the hydrogen peroxide is not 
the main source of impurities. Unfortunately, how- 
ever, it does not seem to have been considered by 

these authors that all preparations of alkali metal 
hydroxides contain heavy metal impurities, as can be 
seen from the labels of potassium hydroxide prepara- 
tions (Table I). 

TABLE 1. Data of Labels of Alkali Metal Hydroxides Pro- 
duced by Different Manufactures. 

Impurity Quantity (pg 8-l) 

BDH Aristar Chemapol Merck Merck USSR 
KOH KOH KOH NaOH KOH 

Fe 2 5 5 5 5 
CU 0.5 1 0.5 
Mn 0.05 0.5 0.5 
Ni 1 1 5 

A8 0.05 
heavy 
metals* 10 5 10 

*All heavy metal ions which can be precipitated by hydrogen 
sulphide. 

Figure 1 shows that the rate of decomposition of 
hydrogen peroxide depends considerably on the 
source of the potassium hydroxide used to adjust the 
initial pH of the hydrogen peroxide solution. A con- 
siderable drop in the decomposition rate can be ob- 
served when the alkali metal hydroxide solutions are 
subjected to efficient purification [2, 31 (e.g. heavy 
metal impurities are collected on the surface of mag- 
nesium hydroxide precipitated in the alkali metal 
hydroxide solutions [4] ). 

Our observations indicated that in the presence of 
different metal ions in trace (<lo-’ M) quantities 
the rate maxima of hydrogen peroxide decomposi- 
tion were found at different pHs, e.g. pH 9.6, 11.4 
and 12.3 if manganese(II), iron(II1) and copper(U) 
catalysts, respectively, were used. 
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Fig. 1. Decomposition of hydrogen peroxide in alkaline solu- 
tion at 308 K. Initial pH 8.97 was adjusted by adding alkali 
metal hydroxide solutions of different source. l --•$ KOH 
Chemapol G. R.; A-- A, NaOH Merck; O-- 0, KOIl 
Reanal purified according to [4]; A---_4 KOH Reanal. 
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Fig. 2. Influence of chelating agents on the decomposition of 
hydrogen peroxide in alkaline solution at 308 K. Initial pH 
9.03 adjusted by adding KOH (Reanal) solution.0 ~0, 
lO-2 M EDTA; A-- A, 1O-2 M NTA; ).p A, 1O-2 M 
DCTA; l --0, lop2 M EGTA; 0 - 0, without chelate- 
forming substances. 

It was stated in the cited paper that “. . . the addi- 
tion of all the chelators, besides EDTA, does not 
change the observed kinetic curves. Only EDTA (1 X 
lop2 M) was capable of stopping further increase of 
pH, temperature and generation of superoxide 
radicals. This effect of EDTA should not be con- 
nected with its chelating ability.” The role of 
chelating agents is quite involved in such a system. 
The effects of chelators depend strongly on the pH, 
the concentrations of chelate-forming substances and 
of metal impurities to be sequestered, and the time, 
especially when polybases (metal hydroxides) should 
be removed. It can be seen in Fig. 2 that EDTA is an 
effective inhibitor of the decomposition of hydrogen 
peroxide. It exerts its effect almost immediately, 
although the decomposition is accelerated after a 
while owing to the destruction of EDTA by the OH 
radicals formed. NTA (nitrilo-trisacetic acid) is not as 
effective as EDTA, and exerts its inhibiting effect 
only after about 15 min. The behavior of DCTA 
(1.2~diaminocyclohexane-N,N,N’,N’-tetraacetic acid) 
is quite similar to that of NTA. EGTA (ethylene- 
glycol-his@-aminoethyl ether)) is really not an effec- 
tive chelator in this system, though its influence on 
the rate can also be established. It should also be 
added that the rate-influencing effect of a given 
chelator can be positive or negative, depending on 
the concentration in which it is applied [S, 61. 

In the Discussion of the cited paper it is stated: 
“The sharp increase of superoxide radical concentra- 
tion at pH values above 11 .O agrees with pK = 11.6 
for H202. Thus deprotonation of peroxide is essential 
for the generation of superoxide radicals”. If the pH- 
dependence of the decomposition of hydrogen 
peroxide catalyzed by copper(R) ions is compared 
with the pH-dependence of the ESR signal intensity 
(Fig. 3) one has to conclude that superoxide radical 
production is connected with copper(II)-catalyzed 
hydrogen peroxide decomposition. 

It was earlier demonstrated that dismutation of 
superoxide radicals can be effectively catalyzed by 
copper(U) ions [7]. This is also supported by the 
findings of Symonyan and Nalbandyan. However, 
it does not follow from this fact that the decomposi- 
tion of hydrogen peroxide resulting in superoxide 
radicals cannot be catalyzed by copper(H) ions more 
effectively. 

The observation [l] that an increase of one pH 
unit results in a thousandfold increase in the super- 
oxide radical yield can be regarded as convincing 
evidence of the presence of catalysts in the system. 
To adjust the initial pH of 30% hydrogen peroxide 
to 10 instead of 9 it is necessary to add about ten 
times more alkali metal hydroxide, which is equiva- 
lent to a tenfold increase in the concentration of 
catalyzing impurities. Therefore, a tenfold increase in 
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Fig 3 Comparison of the pHdependences O----O, rate of 
decomposltlon of hydrogen peroxtde (1 0 M) catalysed by 
lO+ M copper(H) ions at 308 K, 0 - 0, catalytic power 
of superoxlde dlsmutase accordmg to [l] , A -A, rate of 
uncatalysed dlsmutatlon of superoxlde radical [ 81, A-4 
concentration of superoxide radicals formed m 5 M Hz02 
solutions after about 4 mm havmg the pH adjusted by KOH 
(Reanal) to the appropriate values The ESR spectrum was 
recorded near to hquld N2 temperature 

the radical concentration 1s to be expected However, 
it must also be consldered that, with the increase of 
the nutlal pH, not only does the concentration of 
nnpurltles mcrease, but the actlvlty of the catalyst 1s 
also influenced substantially Further, the rate of 
uncatalyzed dlsmutatlon of superoxlde radicals also 
decreases by a factor of 10 per pH umt increase [8] 

The data m Table I of [l] show that the catalytic 
activity of superoxide dlsmutase changes with the pH 
according to a curve havmg a maximum at pH 12 3 
(Fig 3, curve O- 0) However, consldenng that 
both copper(H)-catalyzed hydrogen peroxlde decom- 
position and superoxide radical production display a 
maximum at that very pH, we are of the opmlon that 
here the pH-dependence of radical production much 
rather than the pH-dependence of enzyme activity 
1s involved Tlvs view 1s supported by the expenmen- 
tal procedure [l] , as the concentration of superoxlde 
radicals was measured before and lmme&ately after 
the adhtlon of the enzyme, consequently, one should 
find a maximum m the difference of concentration of 
superoxide radicals at that pH where the radrcal pro- 
duction etiblts a maxlmum, since the removal of 
radicals by the enzyme takes place at a constant rate 
(if the finding that the enzymatic &smutatlon 1s 
mdependent of pH m the range 5 O-9 5 [9, lo] 1s 
extrapolated to higher pH values), or at a dmumshmg 
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rate if both the denaturatlon of the enzyme m 
strongly alkaline solution and the mactlvator role of 
concentrated hydrogen peroxide [ 1 l] are taken into 
conslderatlon 

To finish we should like to comment on the role 
of superoxide dlsmutase m this system It was stated 
m [l] that “The addition of superoxlde dlsmutase 
to alkaline H202 led mltlally to a drop m the EPR 
spectrum mtenslty, followed by an increase m the 
concentration of superoxlde radicals” This rather 
peculiar ‘double’ role of the enzyme can be explamed 
more sunply if it 1s considered that OH radicals are 
formed during the catalysed decomposltlon of hydro- 
gen peroxide In the presence of superoxlde dls- 
mutase one has to assume that not only hydrogen 
peroxide but also the enzyme 1s attacked by OH 
radicals The destruction of the enzyme results m a 
drop in the dlsmutase activity, but at the same time 
fragments contrumng copper(I1) are released, which 
stnnulate 0, production by enhancmg the rate of 
decomposltlon of hydrogen peroxide 

Experimental 

Matenals 
‘Perhydrol’ (Merck) hydrogen peroxide and other 

chemicals of c p grade were used without further 
purlficatlons KOH (Reanal) was punfied accordmg 
to [4] Trlply dlstllled water was used to prepare the 
solutions 

Methods 
The pH of the reaction mutture was adJusted by 

adding purified KOH solution To avoid the contaml- 
nation of reaction mixtures 2-3 ml samples were 
perlodlcally poured into dry beakers and from them 
0 5 ml was plpetted and added to acldlfied 50 ml ca 
0 2 N arsemte solution Then 1 drop of 0 01 M 0~04 
catalyst and 1 drop of 0 025 M ferrom indicator 
solution were added and the solution was backtl- 
trated by 0 1 M standardized cermm(IV) sulphate 
solution The decomposltlon of hydrogen peroxlde 
was also followed by measurement of O2 evolved 
Figures furnished by the two methods agree suffi- 
ciently well The slope of the concentration vs tnne 
curve was regarded as the mltlal rate of decompon- 
tion 

The concentration of 0, was determmed by ESR 
spectrometry 111 frozen samples and the spectra were 
recorded by a JEOL-JES PE spectrometer near to 
liquid nitrogen temperature 

References 

1 M A. Symonyan and R M. Nalbandyan, Bzocham 
Bzophys Acta, 583, 279 (1979) 



4 L J Ctinyt, Z M Galbrics and L Horvith 

2 F R DukeandT W Haas,J Phrs Chem ,65,304 (1961) 
3 E Koubek, M L Haggett, C J Battagha, Ibne-Rasa, 

M Khanat, H Y Pyun and J 0 Edwards, J Am Chem 
Sot, 85, 2263 (1963) 

4 J D’Ans and J Mattner, Angew Chem, 64,448 (1952) 
5 H Slgel and T Kaden, Helv Chmz Acta, 51, 941 (1968) 
6 M T Beck, S Gorog and Z KISS, Acta Chum Hung, 42, 

321 (1964) 

7 J Rabam and D Klug-Roth, J Phys Chem , 77, 1169 
(1973) 

8 Blelskl, H J Benon and A 0 Allen, J Phys Chem, 81, 
1048 (1977) 

9 D Klug, J Rabam and I Frldovlch, J Bzol Chem , 247, 
4839 (1972) 

10 B G Malmstrom, L E Andriasson and B Remhammar, 
m ‘The Enzymes’, P D Boyer ed , Vol 12, thud ed , pp 
507-580, Academic Press, New York, 1975 

11 I Fndovlch, m ‘Free Radicals m Biology’, W A Pryor 
ed , Vol 1, pp 239-271, Academic Press, New York, 
1976 


