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Abstract

The kinetics of peroxynitrite accumulation in UV-irradiated (253.7 nm) alkali nitrates has been studied. The quantum yield of peroxynitrite
and its stationary concentration which can be created in a thin layer of the sample within a lengthy exposure have been calculated. The distance
of the transfer of a low-energy excited state of the nitrate ion annealing peroxynitrite was stated to be Rentvbnm.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Peroxynitrite; Photolysis; Alkali nitrate crystals

1. Introduction Then, the inverse kinetics problem of the photolysis of
solids in the absence of the diffusion of reaction products in
The peroxynitrite anion — oxoperoxonitrate (1L the sample has been solved only for simple kinetic schemes.

(ONOQO") —has attracted increasing interest in both the phys- The attempt to experimentally overcome the difficulties aris-

iological proces$l,2] and the photochemistry of an aqueous ing when guantitatively analyzing the experimental results

solution [3]. The decay of peroxynitrite was examined as obtained for photolyzed potassium nitrate (by intensive mix-

the function of concentration, temperature, and$H Dur- ing a fine powder under irradiation) turned out to be a failure

ing last 15-20 years there was a growth in interpreting the because the present authors did not succeed in carrying out

photolysis processes of crystalline nitrates. Peroxynitrite was actinometry5].

stated to contribute much to the formation of final products  The goal of the present paper is to determine the kinet-

of photodecomposition — nitrite and oxyg§s]. Based on ics of peroxynitrite accumulation under the photolysis of al-

the experimental data and the energy of excited states of thekali nitrates followed by its analysis, which enables us to

nitrate ion, the mechanism for the photolysis of solid nitrates calculate kinetic parameters of the formation and the de-

qualitatively describing all the available experimental results cay of peroxynitrite when the diffusion of photoproducts out

was suggestdé]. However, the kinetic values characterizing of “cage” can be neglected as well as their reaction with

the mechanism of peroxynitrite accumulation have not been water.

determined so far.

First of all, it is due to a low sensitivity of the potentiomet-

ric method for the determination of peroxynitrite resulting in 2. Experimental

a large error in calculating the content of peroxynitrite in the

sample after a short exposure for unrepresentative sampling  Alkali nitrate crystals were grown by slow evaporation of

[7]. saturated aqueous solutions. The nitrates used were a.r. grade
(three times crystallized from redistilled water before use).
The samples were prepared by pressing the respective nitrates
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irradiation the samples were stored at room temperature for
at least 2 h and then analyzed.

The incident light flux, lo=1.6+0.1x 10 photons
cm2s1, was measured with potassium ferrioxalate as an
actinometef8].

The solution prepared by dissolving an irradiated nitrate
tabletin 15 ml of 1 M solution KOH (pH- 13) was taken. The
permanganate alkaline solution was made by adding 1 ml of
1M KOH to 100 ml of~10~3 M solution of permanganate.

The silver chloride electrode was used as the reference elec-

trode and the platinum electrode as an indicator. It took 2 min
for the potential to become constant after adding every other
portion of the titrant. Peroxynitrite and potassium perman-

ganate in alkali solution reacted with each other according to

9]
2MnO;~ + OONO™ + 20H"

— NO2~ +2Mn0Os>~ +H,0 + Oy 1)

3. Results

The accumulation of peroxynitrite under the photolysis of
crystalline alkali nitrates is representedrigy. 1 The irradi-
ation of the samples by the low-pressure mercury lamp light
passed through the glass filter (>300 nm) does not result in
the photo bleaching of peroxynitrite.

To estimate the uncertainty of the experimental proce-
dure, the function of error distribution was determined. For
this purpose, the bar graph of the variation range of calcu-
lated errors as the difference®)(between average values
and replicate experimental values of the peroxynitrite con-
tent in UV-irradiated KNQ samples was plotted. The bar
graph of the variation range is shown fing. 2 The num-
ber of observations in every experimental point amounted
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Fig. 1. The curves of peroxynitrite accumulation vs. photolysis time for
alkali nitrates (1, 2, 3 ah4 — CsNQ@, RbNG;, KNO3 and NaNQ respec-
tively).

V. Anan’ev, M. Miklin / Journal of Photochemistry and Photobiology A:

Chemistry 172 (2005) 289-292

n, number of observation

301

|

o

[15]

M

0.8 1.0

—1

-0 -08

0.2 0.4

-0.6 02 0 0.6

D, 10"'mol/cm?

Fig. 2. The bar graph of the variation range of sampling of calculated errors
of the peroxynitrite values in UV-irradiated KNGsamples D — the dif-
ferences between theoretical values and replicate valieghe sampling
frequencies) and the fitting curve of normal distribution.

from ~20 to ~30. The analysis of the data represented in
Fig. 2in terms of thex?-criterion confirms that the error dis-
tribution was described by the normal distribution. Thus, all
the D differences could be attributed to the only one parent
population and therefore, the pooled standard deviation was
4.5x 10~8 mol/cn? for all the grouped data. The value of
the pooled standard deviation for all alkali nitrates was also
4.5x 10~8mol/cn?.

Taking into account the peroxynitrite content in pho-
tolyzed crystalline alkali nitrates under short UV-exposition
(seeFig. 1), it becomes evident that the value of uncertainty
of the experimental procedure is close to the estimated val-
ues. For the confidence level 0.05 it can be calculated that
a required number af observations must be 9-12 with the
accuracyC < 10% if peroxynitrite content in the sample is
~(1.5-2.0)x 10~ mol/cn®?.

The values of peroxynitrite quantum yield were calculated
on aninitial linear part of the accumulation curves. The quan-
tum yields are giveniifable 1and, as seen, they are less than
those in[10]. This can be easily accounted for by an insuffi-
cient number (2—3) of observations, which, as shown above,
leads to a large error in the determination of peroxynitrite at
short exposures.

4. Discussion

The qualitative kinetic curve of the change of content of an
initial substance and the products of its photolysis in the bulk
of a solid sample differs from the qualitative kinetic curve
of the change of its concentration in any thin layer of this
sample. If diffusion does not occur and the transfer of matter
into or out of the system has no effect on the chemistry, the
concentration profile of the product formed during a one-step
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Table 1
Kinetics parameters of the mechanism for peroxynitrite accumulation under the photolysis of alkali nitrates
Substances Coo (x1072molll) ©(ONOO") (quantunt?) kalks (x 10 cm3) Ro (nm)
NaNG; 0.6 0.024+0.006 70 1.5
KNO3 24 0.055+ 0.005 110 13
RbNO; 2.3 0.061+0.006 93 1.4
CsNG; 25 0.064+0.002 95 14

photochemical reaction under lengthy photolysis of the sam-

The mechanism for peroxynitrite accumulation under the

ple with a large optical density can be described by means of photolysis (253.7 nm) of crystalline alkali nitrates can be pre-
three areas. In the first area the concentration of the product issented by the following simplified scherf@& (Fig. 3), where
constant; in the second (the reaction area), the concentratiorNOz~" (E') is the high-energy excited state, NO (A])is

of the product decreases from its value in the first area up
to ~0 and in the third, the concentration+€ [11]. Thus,
the accumulation of the photoproduct in solids is described

the low-energy excited state and brO(lA’l) is the ground
state of the nitrate ion.
Application of the steady-state assumption for excited

by means of two stages. In the first stage the reaction area isstates of the nitrate ion gives

formed, in the second it shifts into the depth of the sample
parallel to the photolyzed surface without changing its shape.

Let us consider the mechanism described by a photochem- %

ical reaction of the product formation and fast (not limited)
reactions of its decay. The product (peroxynitrite) does not
absorb photolyzed light (253.7 nj@]) and the amount of the

initial substance decomposed can be neglected. Hence, based k" —1

on formal kinetics (the surface illuminated by a uniform par-
allel beam of monochromatic radiation with the intensity
the exposure time being, the stationary concentration of
the productCy, is observed in the first area with thickness
d. The continuation of irradiation results in the reaction area
moving to a thin layer with thicknessl! within Atp. The rate

of light absorption in this layer is

Al = e K1 — e KAy Arg

)

whereK is the host matrix absorptivity.

Further irradiation results in the reaction area moving to
Al within Aty. Then, the rate of light absorption in the layer
located at the distanakt Al from the illuminated surface is
equal to the one calculated from Eg):

®3)

The product content in the sample increases byAhe
value at the exposure tim&t;, henceAl = AN/Cy,. From
Egs.(2) and (3)it follows that

Aty AN
e k= 4
e~k ) @
and
K- AN
== in(an/am) ®

From Eq.(5) it follows that after the reaction area is formed,
every othem-fold increase of exposure time results AN
increase of the product content in the sample. Also, if the
mechanism of photolysis is described by a photochemical
reaction of the product formation and by its first-order kinet-

k//
(1 - X + i///)
which on integration gives
k//k/// k// _ 1
In (1 —

o
wherek’ = khf,jﬁ
tion of peroxynitrite.

From Eq.(7) it follows that the quantum yield of perox-
ynitrite o(ONOQO™) is equal topok’ andk” = Coo(k” — 1).

The quantum yieldpg of high-energy excited states of the
nitrate ion NQ~" (E') is equal to 1.

To quantitatively determin€,, the above procedure and
the data on peroxynitrite accumulation were used. For the
calculations, the host matrix absorptivities of single crystals
of rubidium and cesium nitrates at 253.7 nm (36 and 34tm
respectivelyf12]) were taken instead of required absorptivity
for polycrystalline samples.

Absorptivities Kcag) for polycrystalline samples of
sodium and potassium nitrates at 253.7 nm were calculated
in terms of

Q=—W—m%m @)

K = %, K = k3

= o1 X is the concentra-

Kcalc = ZKJ_ + KH (8)

whereK | andK) are eigenvalues of absorptivity ten$b8].
The obtained values were 361 and 43+ 1 cn* for sodium
and potassium nitrates, respectively.

The C values are given iTable 1 To compare these
values for potassium nitrate with those[§], the density of

NOS(A) S NosE) R onoor
kq
L, kst NO;(A)
NO; (A" (ONOO')
Lk, 1

NO;('A)) « (ONOO) = [NO,...0]

ics decay, the inverse kinetics problem can be solved in therig. 3. Primary photoprocesses and subsequent reactions during crystalline

analytical form.

alkali nitrates photolysis.
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its fine powder was estimated. The density of a single crystal of the transfer of a low-energy excited state of the nitrate ion

(2.11 g/cnd) turned out to be 2—3 times more than for a fine

powder. Thus, experimental and theoretical values are in a

good agreement.

To estimate thédg/ks ratio, two extreme cases should be
considered. It is clear th&b cannot be less thaky. Let us
consider the case whén ~ k4. Then the kinetic parameters
arep(ONOO )1+ X")=1 andk” = Coo(k” — 1).

Thus, the final equation fde/ks is

k3 Cxo 1

——=—|——— -3 9
ks 2 Lp(ONOU) } ©)
Theks/ks values are representedTable 1

When k » Kkq:

k3 1

— =Co0o | ——=—-2 10
ks [w(ONOU) } (10)

andka/ks is approximately twice as large as the on&aible 1
The ks/ks ratio is equal to the critical concentration of
peroxynitrite [ONOO ]o:
4 —l
[ONOO ]y = <3nR8) (12)

where Ry is the critical distance of energy transfer corre-

annealing peroxynitrite is 1-2 constants of the lattice.
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