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Quantitative EPR Spin Trapping. 1. Nitrogen Dioxide Radicals and Nitrite lons from
Energetic Materials in Alkaline Aqueous Solution
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A new application of electron paramagnetic resonance (EPR) spin trapping is described using the nitromethane
aci anion (CH=NO;") spin trapping technique for quantitative measurement of nitrogen dioxide radicals
(*NO,) and nitrite ions (N@") in strong alkaline aqueous solution. The relative concentration of a spin
adduct radical, dinitromethyl dianion radical(,N—CH=NO""] (I), produced by ultraviolet photolysis, is
shown to be proportional to the concentration of N@issolved in alkaline solution. This method is applied

to estimate theNO, concentrations produced by decomposition of two energetic nitramine compounds:
cyclotrimethylenetrinitramine, &1sNsOs (RDX), and ammonium dinitramide, NFIN(NO,),~ (ADN), by

using calibration plots of the spin concentrationl ofersus time of photolysis. Calibrations were prepared
using sodium nitrite (NaNg@ or ammonium nitrate (NENO3z) which behave similarly to the energetic
compounds with respect to formation lof

Introduction The NQ~ generated in the decomposition of nitramines is

Th tirend t d demilitarization has f J attenti important because it is related by chemistry to most other
e recentirend toward demilitarization has focused atention o 5 e nitrogen intermediates (RNI). These incltidi®,, *NO,

on the destruction and disposal of energetic materials St°°kp'|es'and NG-. Most RNI can be interconverted to one another

New routes to the disposal of energetic materials are neededy; o, the right set of conditions. For instance, the formation

of nitric oxide ¢NO), nitrogen dioxide*NO), nitrites (NQ"),

and nitrates (N@) as direct decomposition products of high-
energy nitramines or as secondary decomposition products of
these high-energy compounds may have a large environmental
impact (acid rain, depletion of ozone). These are additional
reasons why the mechanism of decomposition of high-energy
nitramines is important.

The detection of nitrite ions in aqueous solution is usually
accomplished by colorimetric reactions such as the Griess
reaction, which forms a pink azo dye by reaction of nitrite ions
with N,N-dimethyl-1-naphthylamine and sulfanamitieAl-
though this method or spectroscopic methods such as LC/MS
(liquid chromatography/mass spectroscopy) or ultraviolet ab-
sorption (UV/vis) spectroscopy are useful for analysis of final
products, such analyses do not give the intermediates which

lead to final products. Electron paramagnetic resonance (EPR)

’}‘02 '|\'02 spin trapping is a method for detecting intermediate free radical
Y r'\‘m molecules® It consists of reacting short-lived free radicals with
N. N + OH- N N TNO +HO (1) a spin trap, yielding a longer-lived nitroxide spin adduct which
ON" > No, ONT 7 can be identified by EPR.

The objective of this paper is to demonstrate a method by
intact intermediate (1,3,5-triaza-3,5-dinitrocyclohex-1-ene) and which EPR spin trapping experiments can be used to measure
nitrite ion. This decomposition involves abstraction of a the concentration of nitrogen dioxide radicald@,) originating
methylene proton by OH followed by elimination of nitrite from the photodecomposition of high-energy compounds (RDX)
ion with formation of nitrous acid. In strongly basic solution, and/or from nitrite ions (N@) in strong alkaline aqueous
the concentration of hydroxyl ions increases with increasing solution® Since UV radiation of N@  yields *NO,, and
alkalinity of solution, producing higher concentrations of the preliminary data suggest that the concentratiotNa, formed
NO,~ ion as an initial decomposition product of RDX and is proportional to the initial concentration of NQ therefore,
similar nitramine$. This suggests that the extent of decomposi- the method described in this report deals with the determination
tion of nitramines by alkaline hydrolysis can be determined by of both specie€. Furthermore, N@ solutions of known
detection and quantification of the nitrite ion concentration.  concentrations can be used as standards for the decomposition
of high-energy materials. In conventional spin trapping studies,
€ Abstract published ilAdvance ACS Abstract&ebruary 15, 1997. nitrone or nitroso compounds are used as the spin traps. In the

which will decompose these materials without producing
environmental pollution. Nonpolluting disposal methods are
also part of the strategy of life cycles of new energetic materials
which seeks to completely recycle explosives without generating
toxic or environmental pollutants. Chemical decomposition of
energetic nitramine compounds by alkaline aqueous hydrolysis
is a laboratory method which has potential for large scale
application.

Synthesis studies have shown that alkaline solutions of
hydroxyl ions (OH) decompose nitramine explosives such as
RDX (cyclotrimethylenetrinitramine)). More recent studies have
shown that strong alkaline solutions dissociate the nitro groups
of nitramine compounds into nitrite ions (NQ.2 For example,
in a solution having an hydroxyl ion concentrationaaf. 102
mol L~1, RDX decomposes according to eq 1, forming a ring

S1089-5639(96)01578-2 This article not subject to U.S. Copyright. Published 1997 by the American Chemical Society



Quantitative EPR Spin Trapping. 1

307
25
20
15 +
10 ¢
5 L

0
12.8

1mT

——
e

CH,-NO, + OH CH,=NO, + H,0

Relative EPR Intensity

13 13.2 134 136 138 14

pH
Figure 1. EPR spectrum of the dinitromethyl dianion radical shown
in eq 1 and the pH dependence of the relative integrated signal intensity

for the pH range of these experiments from pH12.8 to ca. 13.8.
The signal varies by a factor of 2 in this pH range.

present study, a new type of spin trapping using nitromethane
as the quantitative spin trapping agent is descrfbeédthough
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Figure 2. EPR “artifact” signals from UV photolysis of nitromethane

1.2mT

(25 uL) in alkaline NaOH solution (pH~ 13). (a) The experimental
“artifact” EPR spectrum. This signal was usually observed in conjunc-
tion with ADN samples. (b) One possible assignment of the spectrum

we have previously reported qualitative application of EPR/ with the simulated first-derivative EPR spectrum of (a) having ¥Ne

nitromethane spin trapping to study nitramine decomposition
by UV photolysis of nitramines in alkaline solution, this is the

first attempt to quantitate this new type of spin trapping. Other
results of nitromethane spin trapping have also recently been

hyperfine coupling witha(*N) = 1.675 mT and four equivaleriti
hyperfine couplings witla(*H) = 1.2 mT. Another possible assignment
is to two overlapped spectra.

reportecd® Application to energetic materials is demonstrated ¢@n be plotted versus time of photolysis. (iv) Data points taken

by measuringNO./NO,~ concentrations from photodecompo-
sition of RDX and ammonium dinitramide (ADN) in alkaline
solutions. This has potential application in evaluation of

from step iii were used to produce calibration plots of the relative

EPR signal intensities dffor different photolysis times versus
initial nitrite ion concentrations of each solution.

catalysts designed to decompose waste explosives and propel- Calibration solutions are described as follows. NaN@s

lants.

Experimental Section

Sodium nitrite (NaNG@) (Aldrich, 97+%), sodium hydroxide
(NaOH) (Aldrich), nitromethane (C#NO,) (Aldrich, 99+%),
and ammonium nitrate (NM#O3) (Aldrich) were purchased.
RDX and ADN [NH,;"N(NOy),"] were received from the Naval
Ordnance Center, Indian Head, MD. Alkaline® solution
was prepared using sodium hydroxide pellets dissolved in
deionized HO (18 ntQ) or by using 10 N NaOH diluted to
required concentrations. The pH values of alkaline solutions
were kept within the range 129 pH < 13.9. This is important
for quantitative work because the concentration of a radical
adduct between nitromethaaei anion and nitric oxide*NO)
has been shown to increase with increasing‘pHh this study,
the detected EPR signal is due to an adduct of nitrogen dioxide
radical (NO,) and the nitromethanaci anion (CH=NO,") to
give dinitromethyl dianion radical .
CH,=NO,~ + NO; —= -0,N-CH=NO,"~
nitromethane aci anion |
dinitromethyl dianion radical

@

The EPR spectrum of radicéland pH dependence of the
EPR signal intensity are shown in Figure 1. The integrated
EPR signal intensity of varies by a factor of 2 between pH
12.9 and pH 13.9. Below pH 12, EPR signalslofvere not
detected.

Quantitative measurements required the following steps: (i)
Solutions having known concentrations of nitrite ions were
prepared using NaN£Qin basic aqueous solution at constant
pH. (ii) EPR spectra of for each solution plus added spin
trap were recorded versus time of photolysis. (iii) The resulting

EPR spectra were double integrated, and the integrals weremodulation of 0.08 mT (100 kHz).

plotted versus time of photolysis. Alternatively, the signal
intensities of the two most intense peaks of the spectruin of

added to 2 mL of alkaline solution, giving a stock concentration
of 0.45 mol L™ (M) in NaNO,. All solutions were studied
under aerated conditions. Dilutions of the stock solution were
carried out using alkaline #0 to give a set of solutions labeled
as A, B, C, D having NaN@concentrations oA = 0.450 M,

B =0.227 M,C = 0.113 M, andD = 0.057 M. Note that in
these examples each successive solution was diluted by a factor
of 1/,. The concentration of C}H=NO,~ spin trap of each
solution was 25%L (4.6 x 1074 mol)/mL. Immediately after
adding the spin trap, a 150L portion of NaNQ solution
containing the spin trap solution was loaded into a quartz flat
cell (Wilmad WG-812), and the cell was inserted into a Bruker
TEi02 cavity. In situ ultraviolet (UV) photolysis was carried
out in the EPR cavity. The ultraviolet light intensity was kept
constant for each experiment, and a monochromator was used
to restrict light to 360 nm or greater wavelengths. This produced
the EPR signal of the dinitromethyl radical anidn (eq 2)7

We note that other EPR signals of free radicals from photolysis
of nitromethane in alkaline aqueous solution (without added
NaNQ,) were sometimes detected. The experimental EPR
spectrum of this “artifact” radical is shown in Figure 2a,b. The
spectrum does not coincide with that of the nitromethane anion
radical (CH—NO2~) which has been reported under similar
conditions® With 360 nm UV light and high pH, the artifact
radical signals disappear, and the major EPR signal is due to
the radical adduct spectrum of GHNO,~ and*NO..

For quantitative measurements, experimental spectra were
recorded as first-derivative spectra using a Bruker ER 200
spectrometer or a Varian X-band spectrometer. The spectrom-
eter settings were kept constant. Spectrometer settings were
as follows: a magnetic field of 345.5 mT (10 € 1 mT); a
microwave power of 20 mW,; a gain of 6.8 10% a time
constant of 0.1 s; a sweep width of 8 mT; a magnetic field
Spectra were slightly
overmodulated to improve signal-to-noise ratio. In computer-
acquired spectra, a sweep time of 20 s was used, with three
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Figure 3. Using solution A, described in the Experimental Section, a 300

first-derivative EPR spectrum of radical ({O.N—CH=NO,") at X (M)
different times from the start of UV photolysis was recorded as shown.

Each spectrum is normalized to the most intense peak. The hyperfineFigure 4. UV absorption spectra of (a) NaNGn alkaline solution
splittings of this spectrum ara(*¥N) = 0.96 mT for two equivalent ~ having a maximum absorbance at 360 nm and (b}Mb} having a

14N hyperfine couplings and(*H) = 0.42 mT for one'H hyperfine maximum absorbance at 300 nm.
coupling. The signal intensity increases up to ca. 643 s as indicated by
the signal-to-noise ratio. an absorption peak at ca. 350 nm. The 350 nm peak was used

for comparative measurements of lNQconcentrations using

TABLE 1. EPR ral Integrations of Solution A . : .
Spectral Integrations of Solutio Beer’s law relationshig\ = ¢bc, whereA is the absorbance,

time (s) rel conch spin conch is the molar absorptivity which was determinedeas = 2.14
100 0.14 4.5¢ 104 x 10* mol~t cn?, b =1 cm, andc is the NG~ concentration
215 041 1.3« 10 (mol L™Y). UVlvis absorption data of NaNJ300—390 nm)
8‘6‘8 2-83 §§ igi and NHNO; (250—-350 nm) are given in Figure 4, a and b,
1170 0.95 31 1055 respectively. The standard plotting program, ORIGIN, was used

o _ N o _ to fit all sets of points whenever necessary.
aRelative integrated intensities of spectra in Figure 3. Units are
arbitrary.® Probable error of the spin concentration estimated-@$

% 10 spins. Results
Nitromethane Aci Anion. There are several mechanisms

scans averaged per spectrum, giving a total time of spectralinvolving RNI that yield*NO,, which is ultimately trapped by

acquisition as ca. 60 s per spectrum. In experiments using theaci-nitromethané:lz This spin trapping method does not

cha}rt recorder, kinetic data were recorded by scar_ming the tWOdistinguish between these various pathways to formatioN®$
major peqks of an EPR. spectrum ofat 10 s intervals. ut responds to the overall yield oNO,. A predominant
Interpretation and comparison of EPR spectra are demonstrate athway to formation ofNO, in these studies is from NO
by the set of spectra given in Figure 3 for solution A. This spin trapping method is quantitative for measuring,NO

E'.DR spectra of radicalare given in Figure 3 correspo.nding because formation of NQ is the first step in the base hydrolysis
to different times from the start of photolysis of solution A. of nitramines?

For these spectra, theaxes_ are normalized to the most intense_ In alkaline solution nitromethanaci anion is produced by
peak. The increase of signal strength from 100 to 643 s is the following equilibrium.
apparent from the relative values of the integrated intensities,
indicated in Table 1, and from the improvement in signal-to- _ _
noise ratios. Each experimental first-derivative spectrum was CH;—NO, + OH = CH,=NO, + H,0 3)
double integrated. Spectral integrations were performed using
SUMSPEC computer programs developed by the Biophysics For strong alkaline solution (pH 13) the equilibrium is shifted
Research Institute, Medical College of WisconSirinstrument to the right-hand side of eq 3. As given in eq 2, the EPR spin
and light settings were constant throughout each experiment,trapping signal detected during photolysis of nitrite ions in
allowing for quantitative comparisons of spin concentrations. agueous solution is an adduct of nitromethaee anion and
Absolute concentrations were obtained by comparisons of nitrogen dioxide radical’RNO,).
relative spin concentrations to a standard. For this study di- The following results show that the spin concentration of
tert-butyl nitroxide radical in HO was used as as a spin standard is proportional to the N@ concentration in alkaline solution.
diluted to a concentration of 6.88 107* M or 6.12 x 10 Figure 5a gives photolysis data for the solutions labeled A, B,
spins per flat cell volume of 15@L. Table 1 gives spin C, D. For each solution, the relative spin concentratioh isf
concentrations of the spectra in Figure 3. plotted versus the time of photolysis. For photolysis of up to
As a second measurement, NQconcentrations were also  ca. 600 s an increase of the concentration 6§ observed.
measured by UV absorption spectroscopy prior to spin trapping. Decreases of concentrationslobeyond 600 s may be due to
UV absorption spectra of nitrite ions in aqueous solution show depletion of the spin trap or due to the rate of formatiorl of



Quantitative EPR Spin Trapping. 1 J. Phys. Chem. A, Vol. 101, No. 10, 1991851

oo a
20 o AR . A 30 —+300s
S A4 = —=-400 s
= 154 = 25
=@ e, " . s ——500s
-5 . 3
a 8 § 10 L . B s 20 —-600s
T 2 Y A A AA,, 14 15
© A A C .
€3 s i sefooo g £
. a °D S 10 -
© — o
T ol s” s 5
4
0 200 400 600 800 1000 1200 0
! 0 0.1 0.2 0.3 0.4 0.5
Time (s)
NITRITE ION
304 (mol L)
§% A b
= g 20 B 100 —+—300s
8 § 15 = —=—400 s
b ® S c s —&—500s
T G 101 - —0—600s
g 5 10
0 5
T T T T —T U
0 200 400 600 800 3
Time (s) =,
Figure 5. (a) Plots of the relative concentration bfversus time of 0.01 0.1 1
photolysis are given for N© concentrationsA (¢) = 0.45 M; B (m) NITRITE ION
= 0.227 M; C (a) = 0.113 M; D (O) = 0.057 M. Note that each (mol L)

successive solution was diluted by a factot/ef The concentration of

| begins to decrease after ca. 500 s of photolysis. (b) Linear portions
of the curves in (a) are replotted on an expanded time scale. This clearly
shows that the data are approximately lineartfer500 s and that the
slopes of linear least square fits to the data vary in proportion to the
NO,~ concentrations.

Figure 6. (a) This plot represents calibration curves of the relative
concentration of versus the starting concentration of solutions A, B,
C, D. Points from Figure 5a for selected times, 300, 400, 500, and 600
s, are plotted. (b) Data in (a) are replotted on a-tmy scale giving
plots which may be used for determining an “unknown” NO
concentration.

TABLE 2: Linear Fits to NaNO , Calibration Data
: the calibration data. The range of concentrations for Figure 6
solution N mP kP SD¢ .
is from 0.04 to 0.5 M; however, curves can be developed for

A 6 0.0393 —-0.24 1.12 ; ;
B 6 0.0276 0.36 99 Iower'or higher r{anges of NO concentra.tlons. .
c 4 0.0225 ~0.02 0.19 To illustrate this method, a test solution of NaNBaving
D 5 0.0093 0.00 0.06 an NG~ concentration of 0.145 M was prepared separately from
a Number of points? From equation § = mx + b describing a theT callbrapon solutions and then trea}ed byabenltromethane
straight line.¢ Standard deviation. spin trapping method. A 15fL portion of the test solution

was UV irradiated in situ in the EPR cavity, and spectra were

equaling the the rate of decomposition of the adduct. Points 'ecorded versus time as shown in Figure 7a. Radical adduct
from Figure 5a showing increases of intensity are replotted in relative concentrations of (denoted asS and expressed in
Figure 5b. arbitrary units), measured from Figure 7a, &e 4.5 fort =
Linear regression fits to the data are shown in Figure 5b, 300 8,S= 6.3 fort = 400 s,S= 9.2 fort = 500 s, andS =
and equations of these lines are given in Table 2. From Table 12.0 fort =600 s. These times of photolysis were arbitrarily

2 note that the slopes decrease in the order 8 > C > D. chosen for convenience. . .
A basis for quantitative measurement is that slopes vary in ~ These values are replotted in the tdgg plot of Figure 7b
proportion to the concentration of NOin solution. That is, and are indicated by the arrow in Figure 7b. To locate these

the decreasing concentration of BiCfrom A to D is reflected points on the plot, the nitromethaaei anion adduct concentra-
by proportional decreases of the slopes. Although the data plotstion is measured along th¥ axis, and a horizontal line is
in Figure 5b are suitable standard curves, data in Figure 5b mayextrapolated to intersect the time lines for each different
be displayed in more convenient calibration plots. photolysis time. Intersections for different times of photolysis
A calibration plot for each different solution is made by ideally fall along a single verticle line which intersects ke
plotting the NQ~ concentration (known from experimental axis, giving the “unknown” concentration. In Figure 7b the
preparation) versus the relative concentratiohatfa particular lines connecting points are omitted for clarity. In this case,
time of photolysidor each different solution. Such a plot is the point at = 300 s deviates the greatest from predicted values;
shown in Figure 6a, giving a direct correlation between the however, the N@" concentration value of 0.13 at= 600 s
NO,~ concentration of each solution and the relative concentra- corresponds closely to the concentration of NaNor this
tions of I. This plot shows that, for a constant time of Sample, measured as 0.14 M by UV/vis. Test data were repeated
photolysis, the concentration bfncreases with increasing NO for four different “unknown” NaNQ@~ concentrations, and the
concentration or, conversely, that for a givenN®oncentration ~ results are given in Table 3.
the concentration ofl increases with increasing time of Nitrite lon Concentrations of RDX and ADN. This
photolysis. A log-log plot as shown in Figure 6b simplifies technique was applied to estimate the nitrite ion concentrations
directX versusY comparisons. The plot in Figure 6b provides from RDX and ADN in alkaline solutions. Alkaline solutions
a graph for determining an unknown BGconcentration simply of RDX or ADN were subjected to UV photolysis in the EPR
by measuring the relative concentration of radi€alnder cavity. At a particular time of photolysis, the NOconcentra-
identical instrument and UV light conditions as used to generate tion of RDX or ADN solution was estimated by comparing the



1852 J. Phys. Chem. A, Vol. 101, No. 10, 1997 Pace and Carmichael

25 ¢ NaNO.
a 2
S gg' * 0.112M
_ 20+ w 607
= S 5] wo00s7m
5 15 4 @ 50] 4 0.016M
b a g 459
£ 8 40] o RDX
° 2 35
3 =
® 5 8 304
¥ 25] AA,,LM“/
ol 0] —a %
0 500 1000 1500 0 200 400 600 800 1000
Time (s)
TIME (Seconds)
RDX
b = 459 Time(s) | Intensity =500 s
100 ;1 [e300s 8 40l 200 | 28 »400s
= =400s E 400 | 31.2 .300s
= A500s 500 | 32.5 /
L 0600s o b g 351 .  _«200s
k=] a i _
] a - 8 —
o 10 o = * 30+
3 AA * (]
g g o 5
o - = 254 -
< : 2 H
& 20 . . ; . . \
1 —— 0 20 40 60 80 100 120
0.01 0.1 1 INO, ] x10™ mol L™
NITRITE ION ) ) . )
(mol L) Figure 8. (a) Plot of relative concentration df versus time of

photolysis for RDX in alkaline solution and for three different
Figure 7. (a) An NO,~ solution, different from that used to develop  concentrations of NaN©Qin alkaline solution using the spin trapping
Figure 6, was treated by the nitromethawe anion method. The data  technique described in Figures-B. (b) Plots of the concentration of
show a linear growth of versus time of photolysis. Points from this | in the NaNQ solutions of (a) at times 200, 300, 400, and 500 s versus
curve for times 300, 400, 500, and 600 s are plotted in (b). (b) the NGO~ concentrations of these solutions gives calibration curves.
Calibration data from Figure 5b with points from (a) indicated by the The concentration df for the RDX solution is indicated by the arrows
arrow. Ideally, these points would fall on the calibration lines. There att = 600 s and indicates that the MOconcentration of the RDX

is good corrrespondence for= 600 and 500 s. Points for= 400 and solution was ca. 44< 103 mol L1
300 s show greater deviation from the linear data. The concentration
determined by points at= 600 and 500 s is 0.13 M (measure from 4.8+
the bottom of the arrow to the intersection with teaxis). This a6l = ADN
corresponds to the NO concentration as prepared by weight of NaNO < - A NaNo,
for this solution. B 447
5 4.2
TABLE 3: Estimation of NO ,~ Concentrations of Test . 4.0
Solutions® § 45
- - - o <
solution no. weight (mol £*) UV/vis (mol L™%) EPR (mol L'Y) 2 36
1 0.066 0.071 0.080 g 3.4-
2 0.014 0.016 0.020 3.2
3 0.124 0.150 0.110 T T T .
4 0.007 0.010 0.008 100 200 300 400 500
Time (s)

a Concentrations determined by weight of Najhglded to solution,
by UV/vis absorption spectroscopy, and by the EPR spin trapping
method.

Figure 9. Plot of the concentration dfversus time of photolysis for
alkaline solutions of NaN@and ADN. The N@~ concentration of
NaNGQ; solution was 0.022 M. The slopes of the ADN data and NaNO

. . . . . . data are similar, indicating that the concentrations o Ni@ the two
spin concentration dfto calibration data. NaNgXalibrations solutions are similar. An estimated NOconcentration of the ADN

were 0'112' 0'057’ and 0.016 M. '_:'gl_”e 8 gives results for solution based on the ratio (1.2) of the slopes is 0.02%M.2 =
RDX, and linear fits to these data are indicated. The RDX result g 926 M.
for this sample falls along a slope of 0.013, between the 0.057
M (slope = 0.018) and 0.016 M (slope: 0.008) lines. This 5 standard. Experiments show that J®; may also be used
directly indicates that the nitrite ion concentration is greater than a5 5 standard for preparing calibration curves for ADN.
0.016 M but less than 0.057 M. From Figure 8a, values of the
relative spin concentrations bfarbitrary units) were determined
asS= 28.6 at 200 sS= 29.9 at 300 sS= 31.2 at 400 s, and
S=32.5at500s. A calibration plot comparing the RDX data = . i oo
to the NaNQ calibration data is shown in Figure 8b. From tion of ADN was estimated using (_)nly one set of calibration
the calibration plots (Figure 8b), the concentration of N@n data. The ratio of the slopes in Figure 9 is ADN:NaNai
estimated as occurring from RDX @. 4.4 x 102 mol L1, 0.015/0.013=1.2. Since the N@ concentration of the NaNO
Unlike RDX, ADN is very soluble in water (500 g/L). UV solution was 0.022 M, the ADN N concentration estimated
absorption experiments of ADN solutions previously exposed by the spin trapping method is 1:20.022 M= 0.026 M. The
to ultraviolet light indicate that most of the ADN decomposes ADN concentration of this solution based on weight of ADN
during photolysis. An alkaline ADN solution was prepared added to alkaline solution is 0.019 M. However, each ADN
having a concentration by weight of 0.020 mol'L The spin molecule contains two N£groups. Therefore, comparison of
trapping experiment was repeated with ADN, using NaN© ADN concentration (0.019 M) to N© concentration (0.026

In this experiment, the ADN result gave data for the relative
concentration ofl very near the data set of the NalhO
calibration data (Figure 9). Therefore, the nitrite ion concentra-



Quantitative EPR Spin Trapping. 1 J. Phys. Chem. A, Vol. 101, No. 10, 1991853

M) indicates that 1.4 (0.026/0.019) NOions are produced in  in solution. This gives a mole fraction of 0.35 of the RDX

solution per ADN molecule. (1.7 x 10* mol) which decomposed in solution.
. _ In preliminary experiments we have observed that the addition
Discussion of a catalyst, such as TigDcan enhance the decomposition of

nitramines in alkaline solution. The nitromethane spin trapping

As a method of qualitative detection, the EPR spin trappin ) - o
d P pong method might enable simultaneous determination of the extent

method excels at characterization of free radical intermediates. . ; . .
The use of nitromethareci anion as a qualitative spin trap has of decomposition of nitramines and the effectiveness of added
been reported for radiolysis studies in which several anionic catalysts.

species were studied (including ¥Q, and the nitromethane  symmary

aci anion method has been reported for reactions using catalysts
such as Ti@8 However, only recently has the nitromethane
aci anion reaction been utilized for trappingO, produced in
photolysis studie¥? This trapping method has also been applied
to trap sulfur-centered radicals from 6-mercaptopurine and other
compoundd? In these studies the nitromethamei anion
method was demonstrated as a qualitative trapping method for
identification of radical intermediates.

Application of spin trapping to quantitative studies is gener-
ally difficult because of very rapid free radical reaction or decay
rates. In this study, quantitative measurements were feasible.
due to the following factors: (i) The rate of formation loby
UV photolysis is first-order in N@"; that is, the concentration
of | at timet is dependent on the initial concentration of NO
(i) The decay of radical is slow compared to its rate of Acknowledgment. Support for this research was provided
formation. The decay df, determined by plotting loss of EPR by the Office of Naval Research, Arlington, VA. Assistance
signal versus time after extinguishing the UV light, shows an of Dr. K. Swider, a Naval Research Laboratory postdoctoral
initial decay of less than 10% of the signal intensity within 20 associate, is acknowledged for preliminary data involving
s after extinguishing the UV light and no further significant catalysts.
decay after 4 min. (iii) The UV light intensity and instrument
settings were kept constant throughout each series of experi-

EPR spin trapping witkaci-nitromethane is demonstrated as
a quantitative technique for estimating nitrite ion concentrations
in strong alkaline aqueous solutions. The method was applied
to solutions of sodium nitrite to produce plots of radical adduct
[TNO,—CH=NO,""] concentration versus time of photolysis
or nitrite ion concentration. The photochemical decomposition
of cyclotrimethylenetrinitramine was estimated based on the
nitrite ion concentration determined by tlei-nitromethane
method. For ADN, 1.4 N@ ions were estimated to form per
molecule of ADN in alkaline solution when exposed to UV light.
This method of estimating nitrite ion concentrations may be
used to study catalytic enhancement of decomposition of
energetic materials.
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