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The nitrosating reagent of nitrite in acetic acid has been estimated by the
formation of iminoxyl radicals CH;—C(=0)-C=NO'-C(=0)-CHj; in the reaction
with the 1,3-dioxo compound acetylacetone. The EPR spectra of the iminoxyl
radicals obtained with !*N-nitrite and !'’N-nitrite are completely separate, a
?roperty which has been utilized for the quantitative estimation of samples of
“N-nitrite by the addition of a known amount of '’N-nitrite as an internal
standard. By recording the ratio of the amplitude of the spectrum of '*N-
iminoxyl radicals to that of the >N-iminoxyl radicals, influences from variations
of the total amount of iminoxyl radicals inherent to the reaction are eliminated
or minimized since these variations will affect the concentration of the '4N-
iminoxyl radicals and the "*N-iminoxyl radicals in the same way. The detection
limit is set by the background of N nitrite in the !N of the internal standard
(1%). The possible influence of electron spin exchange broadening is discussed.

Nitrogen oxides are of general biological interest. Nitric
oxide NO' is a physiological substance.!™* NO*, NO,’,
NO, ", NO;~ and N,O, are toxic substances meta-
bolically derived from nitric oxide or of exogenous origin.
NO" and NO,  have an unpaired electron, and are
consequently paramagnetic, a property used for their
detection. The direct determination of NO™ and NO," by
EPR spectroscopy is not possible owing to the short
relaxation time which gives rise to broad absorption
lines. NO™ has been detected by the EPR technique after
complex formation with iron(Il) and sulfur com-
pounds®~” or with hemoglobin.® Spin trapping of NO’
by use of nitroso or nitrone spin traps has not been
successful, probably because of the relatively low reac-
tivity of NO'. Aminoxyl radicals with the nitrogen
derived from NO" have been obtained by formation of
nitroso compounds in the reaction between NO™ and
reactive alkyl radicals followed by the addition of a
further reactive alkyl radical.’

Nitrogen dioxide NO, has been measured through
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the aminoxyl radicals CH;—-SO,~N(O")-CH; formed in
its photochemical reaction with dimethyl sulfoxide.!%!!

Stable iminoxyl radicals of the type
R!-C(=0)-C=NO'-C(=0)-R? are formed in the reac-
tion between a number of 1,3-dioxo compounds such as
2,4-dioxopentane (acetylacetone) or barbituric acid, and
tetranitromethane or sodium nitrite.!> The EPR spectra
of these iminoxyl radicals exhibit large nitrogen coupling
constants, i.e., 2.6-3.4 mT, and relatively small inter-
actions with other magnetic nuclei of the radical mol-
ecules. The reaction with NO," might be formulated as
follows, eqn. (1).

R!-C(=0)-CH,-C(=0)-R?
NO,’ .
—R'-C(-0)-C-NO'-C(-0)-R* (1)

Thus, a very high yield of iminoxyl radicals is obtained
when NO,  is bubbled through acetylacetone in meth-
anol.'? In this reaction the unpaired electron is intro-
duced via the reagent. In the reaction with NO* in an
acid solution it seems probable that the diamagnetic
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oxime is formed first, followed by a one-electron oxi-
dation to the iminoxyl radical, eqn. (2).

R!'-C(=0)-CH,~-C(=0)-R?

L;> R'-C(=0)-C=NOH-C(=0)-R? (2)
R!_C(=0)-C=NOHC(=0)_R?
— L R!_C(=0)-C=NO'C(=0)-R? (3)

oxidation

Reactions (1)—(3) are now used for the estimation of
the nitrosating reagent derived from nitrite by use of
acetylacetone, i.e., 2,4-dioxopentane,'? eqn. (4).

CH;-C(=0)-CH,-C(=0)-CHj,
1

nitrite

M, CH,-C(=0)-C(=NO’)-C(=0)-CH, (4)
2

Experimental

Electron paramagnetic resonance (EPR) spectra were
recorded by use of a Varian E-9 spectrometer at 20 °C
with a microwave power of 5 mW and a 100 kHz modu-
lation amplitude of 0.1 mT.

The samples were contained in a flat aqueous solution
cell. Hyperfine splitting constants were measured by
comparison with the splittings of Fremy’s radical
(a1ay = 1.3 mT). Chemicals were from Aldrich and were
used as supplied. Na'®NO, (99% **N) was from ICON
Inc.

The radicals were obtained by dissolving water solu-
tions of the *N-nitrite sample (1-10 umol) and the *N-
nitrite internal standard (10 umol) in 500 pl of acetic
acid followed by the addition of 50 pl of acetylacetone.
After being gently shaken and warmed at ca. 40 °C for
ca. 30 s, the sample was transferred to the EPR cell and
the spectrum recorded. The maximum amplitude of the
spectral lines was obtained after ca. 5-8 min. It is essen-
tial that the solutions of the **N sample and '°N standard
are well mixed in the acetic acid prior to the addition of
acetylacetone so that neither of them will be favoured
by an inhomogenous solution in the reaction leading to
the iminoxyl radicals.

Results and discussion

Acetylacetone 1 was found to be generally suitable for
the quantitative estimation of the nitrosating reagent
derived from nitrite since it dissolves freely in acetic acid.
Furthermore the EPR spectrum of the iminoxyl radical
formed in the reaction, i.e., 2 is relatively simple. One
single geometric isomer is present due to the symmetry
of the radical. Hyperfine interactions with the hydrogens
of the two methyl groups are very narrow and do not
give rise to disturbing interferences with the use of a
relatively large 100 kHz modulation (0.1 mT).

Figure 1 shows the EPR spectrum of the iminoxyl
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radical 2, obtained by nitrosation of 1 with sodium nitrite
[eqn. (4)] in acetic acid. In this case the radicals appeared
without addition of an oxidizing reagent. It is not possible
to determine whether the nitrosation involves NO™* with
intermediate formation of the corresponding oxime fol-
lowed by oxidation to the iminoxyl radical, eqns. (2),
(3), or a direct addition of NO,", eqn. (1). NO" might
be formed via eqn. (5).

3HNO, —2NO + HNO, + H,0 (5)

Subsequently NO," is formed by oxidation of NO' by
dissolved oxygen. It is possible that nitrogen dioxide can
act as the oxidizing reagent in the formation of the
iminoxyl radical from the intermediate oxime, eqn. (3).

The spectrum of Fig. 1(a) was obtained with a mixture
of 10 pmol of Na'*NO, and 10 pmol of Na'*NO,. The
coupling constants of the spectral component obtained
with Na'*NO, were: ai4y=2.70mT (1 N), and with
Nal®NO,: aisy=1.4x2.70=3.78 mT (1 N), where the
factor 1.4 is the ratio between the coupling constants of
>N and 'N. The large coupling constants make it
possible to observe the iminoxyl spectra obtained in the
reaction with Na'*NO, and Na'*NO, simultaneously
without any overlaps. This spectral distribution is now
used for the estimation of the nitrosating reagent derived
from '“N-nitrite with added '*N-nitrite as an internal
standard by measuring the amplitudes. Table 1(a) shows
the amplitudes of the spectral components and their
ratios at different times after mixing of the reagents.
After passing through a maximum the radical amount
slowly decreases. However, the ratio of the amplitudes
of the *N to the N spectra remains fairly constant as
expected. Therefore a quantitative estimation of the
amount of '*N-nitrite of a sample could be performed
by a continuous reference to the added internal standard
of N-nitrite in spite of the change of concentration of
the iminoxyl radicals. The amounts of N and N
iminoxyl radicals were empirically considered to be rep-
resented by the sum of the peak-to-peak amplitudes of
the spectral components of *N and '*N spectra.

Table 1. (a) Amplitudes of the spectral component and their
ratios at different times after mixing of the reagents.

AM,= +1/2)/ AM,=—1/2)/
Time after mixing AM,=+1) AM=—-1)
5 min 126/51 = 2.47 115/46 = 2.50
30 min 88/36 =2.44 81/32=25

(b) The experimental "N/'®N ratios obtained with 5 pmol of
N and 10 pmol of "N nitrite. The results obtained with
three different experiments.

AM,= +1)+AM,=0) AM,= +1/2)

+AM,=—-1) +AM=-1/2) Ratio
109 184 0.59
246 418 0.60
258 437 0.60
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Fig. 1. (a) The EPR spectrum of the iminoxyl radicals formed in the reaction between 50 pl of acetylacetone dissolved in
0.5 ml of acetic acid and a water solution containing 10 pmol of Na'*NO, and 10 umol of Na'®NO,. The spectrum was
recorded ca. 10 min after mixing of the reagents. Spectrometer settings: microwave power 5 mW; modulation amplitude
0.1 mT; time constant 0.3 s; receiver gain 1.6 x 10% scanning speed 0.45 mT min~". The ratio of the amplitudes of the "*N/'*N
spectra was evaluated from the spectral amplitudes, i.e., by eqgn. (6), and was ca. 1.0. (b) The EPR spectrum of the iminoxyl
radical obtained with 0.1 pmol of "N nitrite and 2 pmol of "N nitrites. Spectrometer settings: microwave power 5 mW;
modulation amplitude 0.1 mT; time constant 1s; receiver gain 5x 103 scan time 0.225 mT min~'. The amplitude ratio of

¥N/'®N spectra is ca. 0.08.
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The nitrosating content of the test sample was evalu-
ated by multiplying the amount of N-nitrite added to
the reaction mixture by the ratio r between the sum of
the peak-to-peak amplitudes of the three components
of the N spectrum to the sum of the amplitudes of two
components of the >N spectrum respectively, assuming
a constant and the same linewidth to all lines, eqn. (6).

[AM;=+1)+ AWM, =0) + AM,= —1))/
[AM, = +1/2)+ AM,= —1/2)] (6)

Figure 2 shows this ratio plotted against added
amounts of '“N-nitrite between 15 and 1 pmol. The
internal standard of '*N-nitrite was 10 pumol. From this
relationship, and the spectrum observed with 0.1 pmol
of N-nitrite and 2 pmol of '*N-nitrite, Fig. 1(b), the
detection limit seems to be ca. 0.05 umol of nitrite
(5% 1078 mol). However, the formal limit is set initially
by the percentage *N content of the !N standard which
was 1% (cf. Experimental ). For the present case with an
internal standard of 10 pumol this means that the detection
limit would be 1% of 10 umol, i.e., 10 x 10~® mol, and
for the experiment of Fig. 1(b), 2 x 10~8 mol. Evidently
this limit can be decreased by subtraction of the N
background and by further reduction of the internal
standard. Table 1(b) shows the reproducibility of the
method when the same mixture of sample and internal
standard was used in three consecutive experiments.

Electron spin exchange broadening might influence on
the results. The broadening is related to the square of
the radical concentration.'® Therefore, it is expected
that the measured ratio of the amplitudes corresponding
the sample N iminoxyl radicals to that of the internal
standard, eqn. (6), is higher than the real value when the
radical concentration of the internal standard is high

ampl. ratio
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Fig. 2. The amplitude ratio between the 'N/'°N spectra
plotted against added amounts of "N nitrite. Each sample
contained 10 umol of "®N nitrite as an internal standard. The
amplitude ratio was evaluated by the ratio [AM,=+1)
+AM=0)+AM = —-DI/[AM = +1/2) + AM, = —1/2)],
eqn. (6). Added amounts of "N nitrite were between 15 and
1 pmol. Each value is the mean value of three different
measurements. The background of "N in the internal stand-
ard was not subtracted.
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compared with that of the *N sample. A quantitative
estimation of the broadening effect is not possible since
it requires information of the radical concentration which
is not known. Furthermore it is not clear whether or not
electron spin exchange broadening might take place even
between the *N and N iminoxyl radicals, a situation
which would eliminate differences of broadening between
the two radical species. Consequently, possible effects of
this sort of broadening will be minimized by use of an
internal standard concentration not too different from
that of the sample, and the use of adequate standard
curves (cf. Fig. 2). Access to a spectrometer with double
integration would have eliminated complications of
broadening. However, such facilities were not at hand.

Conclusions

The aim of the experiments described was to develop a
method for the determination of nitrite in water solutions.

The nitrosation of 1,3-dioxo compounds such as acetyl-
acetone leading to iminoxyl radicals seems to be a
complex reaction. It can be achieved by reaction between
tetranitromethane in methanol-pyridine.'? tert-butyl
nitrite in methanol, or nitrite in an acid medium.
Irrespective of the mechanism, ionic or radical, the
present experiments can be used to estimate the ability
of nitrite in acetic acid to produce iminoxyl radicals
derived from acetylacetone. The use of !*N-nitrite as an
internal standard seems to eliminate variations of the
radical content with time inherent in the nitrosating
reaction of acetylacetone. Increases and decreases will
affect the N and '*N iminoxyl radicals identically
leaving their ratio constant. This statement proscribes
that the recording of the absorption lines of *N and the
corresponding !°N lines is performed within a close
period of time, and that no isotope effects will influence
the reaction rates of *N and '°N systems. The influence
of a N background which originates from the presence
of “N-nitrite present in the *N standard will be mini-
mized by subtraction and use of an internal standard
with as low a concentration as possible. Possible effects
of electron spin exchange broadening will be minimized
by adequate standard curves (cf. Fig. 2), and an internal
standard concentration not too different from that of
the samples.
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