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Peroxynitrite and peroxynitrous acid is the active
form of nitrogen. The main channels of the formation
and decay of peroxynitrite and peroxynitrous acid are
surveyed in [1]. The formation of these products in
water by the action of plasma radiation of spark dis-
charge in air was detected in [2] by measuring UV
spectra for peroxynitrite and in [3] by the reduction of
stable free radical DPPH• to identify peroxynitrous
acid. Both products appear 3 to 4 days after plasma
radiation treatment, reaching a maximum yield by the
7th or 8th day after the treatment and disappear on the
14th day. Their instantaneous concentration of about
10−5 mol L−1s−1. The appearance of these products was
associated with the formation and decay of a long-
lived complex (..ONOOH … ONOO−..) [4]. Skepti-
cism was caused by the fact that the decay products of
this complex could not be seen for the first 3 to 4 days.
The aim of this work was to study the mechanism of
the reactions of the active species produced by the
decay of the long-lived complex, as well as the feasibil-
ity of detection of the decay products of the complex.

A 45-mL sample of doubly distilled water (pH0 6.3)
was treated in a f luoroplastic Petri dish with spark
plasma radiation for 30 min. An IR-10 radiation
source was used [4]. Immediately after treatment, the
pH was 2.8. Nitric and nitrous acids were identified in
the products using UV spectra and ion-selective elec-
trodes [4]. The nitrous acid concentration was 0.005
mol/L [4].

In this study, the active species were determined
iodometrically. To the 45-mL sample of water, 4 mL
of 5% KI solution and 4 mL of dilute sulfuric acid
(1 : 4) were added. The amount of released iodine was
determined by titration with 0.02 N sodium thiosul-
fate. To experimentally evaluate the possibility of oxi-
dation of I− with nitric acid, the same reagents were
added to the nitric acid solution with pH 2.5–2.8. No
change in color of the solution within 5 min was
observed. Oxidation of I− could occur with nitrous
acid and peroxynitrite/peroxynitrous acid. Water sam-
ples of a 45 mL volume treated for 30 min each were

accumulated and placed in separate containers. These
samples were stored for a period of 1 to 14 days, after
which the presence of active species in the sample was
determined iodometrically. Measurements were made
on four to five samples for each holding time. The
results of titration of water samples immediately after
treatment and after holding for 1 to 14 days are shown
in the figure (curve 1).

To assess the oxidation of I− with nitrous acid
alone, a NaNO2 solution with a concentration of
0.005 mol/L (equal to the concentration of nitrous
acid in the sample immediately after treatment) was
prepared. Concentrated nitric acid was added to the
NaNO2 solution and the pH was brought to 2.8.
Nitrous acid oxidizes I− according to the reaction:

(1)
Nitrous acid (pKa 3.4) is weakly dissociated at pH 2.8,

but reaction (1) goes to completion; as  ions are
consumed, HNO2 molecules dissociate. This process
is slow; therefore, the samples were held for 5 min
before titration. In an acidic medium,
ONOOH/ONOO− exists mainly in the form of per-
oxynitrous acid, pKa (ONOOH/ONOO−) = 6.8. Per-
oxynitrous acid also oxidizes I−:

(2)
The results of titration of the NaNO2 + HNO3 solu-
tion immediately after preparation and within 14 days
of storage are also shown in the figure (curve 2). In an
acidic medium,  ions slowly decompose to
release NO and form nitric acid. Therefore, the con-
sumption of 0.02 N thiosulfate for titration of the
acidic NaNO2 solution decreases over time from
14 mL to 0.1 mL after 14 days.

If plasma radiation induces the formation of the
complex, which decays into ONOOH/ONOO−, the
degradation products of the complex will interact
with  ions [5]:
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(3)

The rate of reaction (3) is highly dependent on the
reactant concentration. The observed rate constant is
k3obs = 1.1–6 s−1 [5]. Both peroxynitrous acid and 
ions are consumed in reaction (3).

The consumption of thiosulfate for titration
NaNO2 + HNO3 solution decreases with holding time

only as a result of degradation of  ions. In the
water sample treated with plasma radiation at the same
initial concentration of  ions, the decrease in
thiosulfate consumption for titration is due to both
decomposition of the  ions in the acidic medium
and the involvement of the ions in reaction (3). There-
fore, the consumption of thiosulfate for titration
during the first three days decreases faster in the sam-
ple of treated water than in NaNO2 + HNO3 solution.

When the concentration of  ions on the 4th day
after the treatment decreases, the consumption of per-
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oxynitrous acid in reaction (3) also decreases. In this
case, the role of reaction (2) in the oxidation I−

increases, and the contribution of peroxynitrous acid
in the formation of I2 becomes predominant. Over the
first three days, almost all peroxynitrous acid can be
consumed in reaction (3), and it is for this reason that
neither peroxynitrite nor peroxynitrous acid was found
during the first three days [2, 3]. They become detect-
able by the 3rd to 4th day after treatment. Their yield
reaches a maximum 7–9 days after treatment, when

 ions almost completely decompose. The titer
difference T1 − T2 (curve 3) becomes greater than
zero on the fourth day and reaches a maximum at 7–
9 days.

Thus, with peroxynitrite and peroxynitrous acid
are consumed in reaction (3) with  ions during
first three days after the treatment. They become
noticeable after the decomposition of the  ions
and completely disappear on the 14th day when the
complex decomposes. The concentration of the com-
plex, which can be determined on the basis of the titra-
tion data is (2.5 ± 0.5) × 10−3 mol/L. This value
is consistent with the results obtained in [3]: (1.8 ±
0.4) × 10−3 mol/L.
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Fig. 1. Consumption of 0.02 N sodium thiosulfate (T, mL)
for titration of a 45-mL water sample t days after prepara-
tion: (1) water treated with plasma radiation for 30 min;
(2) NaNO2 + HNO3 solution, pH 2.8; and (3) difference
(T1 – T2) × 5.
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