Available online at www.sciencedirect.com
Journal of

sclENcs(dnlnEc'rO Photocalnlfrnlstry

Photobiology

— s A:Chemistry
ELSEVIER Journal of Photochemistry and Photobiology A: Chemistry 157 (2003) 301-3!

www.elsevier.com/locate/jphotochem

Rate constants for the photolysis of the
nitronaphthalenes and methylnitronaphthalenes

Patricia T. Phousongphouafiglanet AreyP-*

a Environmental Toxicology Graduate Program and Air Pollution Research Center, University of California, Riverside, CA 92521, USA
b Department of Environmental Sciences, University of California, Riverside, CA 92521, USA

Received 30 May 2002; received in revised form 14 September 2002; accepted 14 September 2002

Abstract

1-Nitronaphthalene (1NN) and 2-nitronaphthalene (2NN) are among the most abundant gas-phase nitro-polycyclic aromatic hydrocar-
bons (nitro-PAHSs) found in ambient atmospheres, largely formed from the atmospheric reactions of naphthalene. The methylnitronaph-
thalenes (MNNs), of which there are 14 possible isomers, are gas-phase atmospheric transformation products of 1- and 2-methylnaphthalene
In this investigation, the photolysis rates of 1NN, 2NN, and 11 MNNs were determined indoors using black-lamp irradiation and outdoors
using natural sunlight. The results of the photolysis experiments reveal that gas-phase photolysis is a major atmospheric degradation
pathway for the NNs and MNNs. The nitro-PAHs examined here can be placed into three groups on the basis of their expected lifetimes
due to ambient photolysis. IM8NN and 2M1NN are predicted to have ambient lifetimes toward photokgdiS min; 1NN, 1M2NN,
1M4NN, 1IM5NN, 2M4NN, 2M5NN, 2M8NN are predicted to have photolysis lifetirggdsh; and 2NN, 2M6NN, IM6NN and 1M3NN
are predicted to have lifetimes on the order of 1-3 h. Thus, photolysis is expected to be the dominant atmospheric loss process for these
volatile nitro-PAHs.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction NN and MNN formation occurs through daytime reaction
of the gas-phase parent PAH with the hydroxyl (OH) rad-
The nitronaphthalenes, 1NN and 2NN, and the 14 methyl- ical and nighttime reaction with the nitrate (NJOradical,
nitronaphthalenes (1XMNN and 2MkNN) are 2-ring nitro- ~ each in the presence of NOIn the laboratory, the OH
polycyclic aromatic hydrocarbons (nitro-PAHSs) found in the radical-initiated reactions form nitro-PAH in low yields
gas-phase in ambient atmosphee&]. Reported at levels  (~3% NNs from naphthalene<1% MNNs from 1MN
up to several nanograms per cubic meter, 1- and 2NN are theor 2MN) [3,18,19] In contrast the yields from the NO
most abundant individual airborne nitro-PAHs, and the sum radical-initiated reactions are high-85% NNs from naph-
of their methyl-derivatives have been observed at similar thalene,~30% MNNs from 1MN or 2MN)[3,18,19]
levels[2-5]. The NNs have been found to be genotoxic in  Distinct isomer profiles of the MNNs are formed from
vitro [5—12] and in vivo[13,14]and recently 1NN has been each of the radical-initiated reactions, which differ from the

shown to produce acute lung injury in viy@5-17] While major electrophilic nitration products that generally appear
fewer toxicity results on the MNNs are available, they have in combustion emissions. For example, IM5NN, 1M6NN
been observed to be bacterial mutagens inSeonella and 1M4NN are prominently formed from the OH radical

typhimurium assay and to account for a significant fraction reaction while 2M4NN dominates from NQ@adical forma-
of ambient air mutagenicity measured employing this assaytion [3,4], and 2M1NN has been reported in diesel exhaust
[5]. [21]. Ambient air data of MNN profiles from throughout
Sources for the NNs and MNNSs in ambient air include California suggestthat atmospheric formation of these 2-ring
atmospheric formation from the parent naphthalene or nitro-PAHs dominates over direct emissi{#-5,25] Fur-
methylnaphthalengl8,18,19]and emissions from combus- thermore, while daytime OH radical reaction is ubiquitous
tion sources such as diesel exha[&—-24] Atmospheric and this reaction is expected to be the major loss process
for atmospheric naphthalene and MNs, the high yield of
* Corresponding author. Tel:1-909-787-3502; fax:+1-909-787-5004.  Nitro-PAHs from the nighttime N@radical reaction can re-
E-mail address: janet.arey@ucr.edu (J. Arey). sult in this reaction dominating nitro-PAH formation. Thus,
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ambient MNN profiles resulting from daytime OH radical by flushing ultrahigh-purity nitrogen gas through a heated
formation were reported at Torranf25], Glendorg2] and Pyrex bulb containing one of three mixtures: (1) 1NN, 2NN,
Azusa, CA[27], while nighttime MNN profiles indicating  and 2M1NN; (2) 1NN and the synthesized 1MNN isomers;
the dominance of N@radical formation were measured dur- or (3) NN and the synthesized 2MNN. Also added to the
ing photochemical pollution episodes at Redlap5] and chamber were cyclohexane, in excess, to serve as an OH
Banning, CA[27], sites downwind of metropolitan Los An-  radical scavenger and tetradecane as a reference compound
geles. for determining retention indices.

In addition to knowledge of their atmospheric formation, The nitro-PAHs were photolyzed in three batches contain-
modeling of the atmospheric concentrations of nitro-PAHs ing the following individual nitro-PAH, with their approx-
will require knowledge of their atmospheric loss processes. imate initial concentrations (in moleculesc#) listed af-
Studies of the atmospheric chemistry of volatile nitro-PAHs ter each compoundatch 1, 1NN, (2.0-4.0)x 10 2NN,
including 1NN, 2NN and 2M1NN suggest that photolysis (1.6-2.7)x 10'; 2M1NN, (3.2-6.8)x 10'; batch 2, 1NN,
and/or reaction with the OH radical will be their major atmo- (1.0-19) x 10'1; 1M2NN, (0.56-2.0)x 101 1M3NN,
spheric loss process(es), while reaction with thesXa@lical (0.36-0.78)x 10Y%; 1M4NN, (3.3-8.0)x 101 1M5NN,
and Q are expected to be of negligible importari28—30] (1.1-4.2) x 10'%; 1M6NN, (0.11-0.13)x 10*%; 1M8NN,

In this work, we re-investigate the photolysis of the NNs (0.34-4.4)x 10'%; and batch 3, 1NN, (6.3-38)x 10'%;

and 2M1NN and examine the photolysis of 10 other MNN 2M1NN, (7.2-38) x 10'%; 2M4NN, (1.1-10.5)x 10%;

isomers (IM2NN, 1M3NN, 1M4NN, 1M5NN, 1M6NN,  2M5NN, (0.46-4.2)x 10'1; 2M6NN, (0.09-0.31)x 10,

1M8NN, 2M4NN, 2M5NN, 2M6NN, and 2M8NN). The  2M8NN, (1.1-7.3)x 10, Also added prior to photolysis

photolysis reaction rates have been examined both indoorsof each nitro-PAH batch were cyclohexane and tetradecane

using black-lamp irradiation and outdoors with irradiation at 53 x 102 and 33 x 10 molecules cm?, respectively.

by natural sunlight. For each experiment, before irradiation was started, the
sampling port was conditioned by establishing a small flow
from the chamber (this flow was continued throughout the

2. Experimental reaction between samples) and two to three replicate samples
_ _ were collected and analyzed to establish the initial nitro-PAH
2.1. Synthesis of the methylnitronaphthalenes concentrations. The concentrations of reactants were moni-

tored during these experiments by GC-FID analysis of 1.01

The IMNNs and 2MNNs were synthesized as described samples collected onto Tenax-TA solid adsorbent cartridges
previously[4,31] by nitrating the parent 1- or 2MN with  at a flow rate of 100 mI min! using a pump and mass flow
dinitrogen pentoxide (BDs) in carbon tetrachloride solu-  controller (Tylan General). The samples were subsequently
tion at room temperature. Prior to its use, the 2MN was pu- thermally desorbed in the injection port of the GC inlet at
rified by re-crystallization, resulting in a purity of 99%. The 280°C onto a 30 m DB-5MS megabore column and/or a
specific MNN isomers formed were identified by matching 30 m DB-1701 column held at 4@ for 10 min and then
their gas chromatographic retention times and mass spectemperature-programmed to 18D at 20°C min—1, then to
tra with those previously obtained for authentic standards 200°C at 4°C min—! and then to 280C at 20°C min—1.
of each of the 14 MNNg4,32]. The MNN product dis- For each experiment, five 15min irradiations of the
tributions were as follows: from 1MN nitration; IM2NN  nitro-PAHs were carried out at 20% light intensity (cor-
(9%), IM3NN (8%), 1MANN (48%), 1IM5NN (23%), responding to a measured M@hotolysis rate,/no,, of
1M6NN (2%), IM8NN (10%) and from 2MN nitration;  0.114 min!) with a Tenax sample(s) being taken for anal-
2M1NN (40%), 2M4NN (25%), 2M5NN (13%), 2M6NN  ysis after each irradiation interval. Replicate irradiation
(2%), 2M8NN (20%). Thus, the nitrations formed 11 of experiments were conducted as followatch 1, three repli-
the 14 MNNs and because gas chromatography with flamecates performed with analyses on the DB-5MS column;
ionization detection (GC-FID) analysis was employed for batch 2, three replicates performed with analyses on the
quantification, the synthesized 1IMNNs and 2MNNs were DB-5MS column and two replicates performed with anal-

used without further purification. yses on the DB-1701 column; amdtch 3, three replicates
performed with analyses on the DB-5MS column and two
2.2. Indoor photolysis replicates performed with analyses on the DB-1701 column.

Experiments were carried out as described previdi8ly 2.3. Outdoor photolysis
in a 7000-L indoor all-Teflon chamber at 2982 K and
740 Torr total pressure of purified air at5% relative hu- The outdoor photolysis experiments were conducted with
midity. The chamber is equipped with two parallel banks of natural sunlight on days that were clear and sunny with out-
black-lamps for irradiation and a Teflon-coated fan to en- door temperatures ranging from 18 to°27. The irradiations
sure rapid mixing of reactants during their introduction into were conducted at ground level on a grass surface between
the chamber. Compounds were introduced into the chamberl1:30 and 12:30 PST. Measurements/Qf, were carried
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out periodically using the quartz tube method of Zafonte 2M1NN (99%), 1NN (99%), 2NN (98%), and tetradecane
et al.[33] and gave alno, of 0.274+ 0.07 (2; n = 46). (99%), purchased from Aldrich Chemical Co. (Milwaukee,

Experiments were carried out in a 40001 outdoor Teflon WI); cyclohexane (HPLC grade) and methylene chloride
chamber equipped with a Teflon-coated fan to ensure rapid(OPTIMA), purchased from Fisher Scientific (Tustin, CA).
mixing of reactants during their introduction into the cham-
ber. The nitro-PAHs were introduced into the chamber by
flushing ultrahigh-purity nitrogen gas through a heated Pyrex 3. Results and discussion
U-tube containing glass beads coated with one of the three
nitro-PAH mixtures noted above. Cyclohexane and tetrade- A series of nitro-PAH—tetradecane—cyclohexane—air irra-
cane were added to the chamber from a heated bulb at condiations were carried out indoors using black-lamp irradia-
centrations of @ x 103 and 58 x 10 molecules cm?, tion and outdoors under natural sunlight. In general:
respectively. The chamber was covered with a reflective [nitro-PAH],
tarpaulin during the approximately 10-20 min required to In {— .

. [nitro-PAH];
flush the compounds into the chamber.

In contrast to the indoor experiments where photolysis Where [nitro-PAH], is the concentration of the nitro-PAH
could readily be stopped by turning off the black lamps, at timeto, [nitro-PAH], the corresponding concentration at
covering the chamber was required to stop photolysis in timet, andkgnot is the rate constant for the following reac-
the outdoor experiments and this resulted in temperature in-tion:
creases which led to wall desorption problems. Therefore,
once the outdoor chamber was uncovered, the irradiation
and sampling were continuous. Ten minutes prior to uncov- Therefore, plots ofIn([nitro-PAH],,/[nitro-PAH];)} against
ering the chamber, pumping was initiated to condition the (+ — o) should be straight lines with a slope Igjot and a
sampling port and once the chamber was uncovered, thezero intercept.
first sample was started after 10 min (to allow the chamber The observed rate constants for both the indoor and out-
temperature to equilibrate). During irradiation, 4 | gas-phase door photolysis experiments are presentedable 1 and
samples were collected consecutively over a 1 h time periodrepresentative plots dq. (1) are shown inFigs. 1 and 2
onto Tenax-TA solid adsorbent cartridges at a flow rate of As seen inFigs. 1 (upper panel) and Besults from the in-
400 mimirr? using a pump and mass flow controller (Ty- door photolysis experiments produced the anticipated linear
lan General). The samples were subsequently thermally desplots, while the photolysis outdoor&if. 1, lower panel)
orbed and analyzed by GC-FID as described above. gave curved plots.

The same nitro-PAH batches were utilized for the out-  The upper panel dfig. 1shows the results for the indoor
door experiments as indoors. The individual nitro-PAHs and photolysis of the NNs and 2M1NN (batch 1). Reproducible
their “initial” concentrations, as sampled beginning 10 min pre-irradiation values were obtained for the NNs and MNNs
after the chamber was uncovered, are listed after each comin the indoor 7000 | chamber, suggesting that dark wall losses
pound (in molecules ci?): batch 1, 1NN, (0.09-4.2)x were negligible. Furthermore, the decays were linear, for
101 2NN, (0.10-52)x 10'%; 2M1NN, (0.11-3.6)x 10%; example, for up to 90% reaction of 2M1NN (deig. 1, upper
batch 2, 1NN, (0.14-4.2)x 10'%; 1M2NN, (0.11-2.0)x panel), indicating that desorption from the chamber walls as
10'%; 1M3NN, (0.02-1.7)x 10'%; 1M4NN, (0.04-7.8)x the gas-phase concentration decreased was not occurring.
10t%; 1M5NN, (0.03-2.3)x 10'; 1M6NN, (0.03-0.28) In order to obtain good data for the less abundant
x 10t 1M8NN, (0.05-1.7)x 10'; and batch 3, 1NN, MNN isomers in the synthesized mixtures, the concen-
(3.2-9.1) x 10 2M1NN, (0.65-5.4)x 10'%; 2M4NN, trations of some of the MNN isomers were greater than
(0.14-2.5)x 10%; 2M5NN, (0.22-0.78)x 10'1; 2M6NN, those used for batch 1. 1NN was present in all three
(0.04-0.16)x 10; 2M8NN, (0.47-1.7)x 10!, Replicate  nitro-PAH batches and 2M1NN was present in batches 1
irradiations were conducted as followsatch 1, two repli- and 3. The compounds at the highest initial concentra-
cates performed with analyses on the DB-5MS column and tions (~40 x 10! molecules cm3) were 1NN and 2M1NN
eight replicates performed with analyses on the DB-1701 and photolysis rate data obtained for these compounds
column; batch 2, three replicates performed with analyses were batch independent, indicating a lack of wall adsorp-
on the DB-5MS column and nine replicates performed with tion/desorption problems for these indoor experiments.
analyses on the DB-1701 column; doatch 3, one replicate Initial experiments with a 1500 | Teflon chamber outdoors
performed with analyses on the DB-5MS column and four showed clear evidence of nitro-PAH partitioning to and from
replicates performed with analyses on the DB-1701 column. the walls. In an attempt to overcome these problems the

chamber size was increased to 4000| and rather than pho-
2.4. Chemicals tolysis followed by dark periods, continuous irradiation was
done to avoid heating of the chamber when covered. As

The chemicals used, and their stated purities, were carbonnoted, the samples that were collected starting at 10 min af-
tetrachloride (>99%, anhydrous), 1IMN (99%), 2MN (98%), ter the chamber was uncovered were taken as the “initial”

} = kphot(t — t0) 1)

nitro-PAH + hv — products (photolysig
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Table 1
Measured photolysis ratekgnot, in @ 70001 indoor all-Teflon chamber and a 40001 outdoor all-Teflon chamber with calculated atmospheric lifetimes

10% x Kot (min=1) Calculated lifetime,r (min)

Indoor (Jno, = 0.114 mir?) outdooP (Jno, = 0.274 mir?) Indoor (Jno, = 0.312 mirrt) Outdoor (o, = 0.312mirr?)

INN 1514+ 1.7 50+ 21 24 18
2NN 2.1+ 0.6 12+ 16 177 73
1M2NN 11.6+ 2.7 27+ 25 31 33
1M3NNE 52+ 20 20+ 19 71 44
1M4NN 16.7+ 3.7 63+ 27 22 14
1M5NN 9.6+ 3.2 40+ 35 38 22
1MBNNE 424+ 1.0 8+ 30 88 110
1IM7NNf nd nd nd nd

1M8NN 61.7+ 23.1 73+ 99 6 12
2M1NN 36.7+ 45 103+ 31 10 9
2M3NNf nd nd nd nd

2M4NN 8.8+ 3.0 41+ 10 41 21
2M5NN 75+ 3.2 49+ 15 49 18
2M6NN 2.8+ 4.0 3+ 54 133 293
2M7NNf nd nd nd nd

2M8NN 11.7+ 2.7 38+ 11 31 23

2Indicated errors are two least-squares standard deviations.

bThe kpohot Values are obtained from the initial slopes of second-order linear regressions. Indicated errors are two least-squares standard deviation:
obtained from the initial set of data points at an irradiation time of 10-12 min and may overestimate the uncertainties.

¢1M3NN was resolved on the DB-1701 GC column from other IMNN isomers, although interference from non-MNN species produced in the
synthesis cannot be ruled out. On the DB-5 GC column, 1M3NN co-elutes with IM7NN; however the peak represents primarily the 1IM3NN isomer
since IM7NN is not obtained in significant amounts from the solution-phase synfBggisnd no correction was made for the presence of IM7NN.

40n the DB-1701 GC column, IM4NN and 1M7NN co-eluted, but no correction was made for the presence of IM7NN (see footnote c). On the
DB-5 GC column, 1M4NN co-elutes with IM6NN, but the amount of IM6NN was shown to be small from the analysis on the DB-1701 GC column
and no correction was made.

€ 1M6NN was well resolved on the DB-1701 column, but co-elutes with 1IM4NN on the DB-5 GC column as stated above. The photolysis rate listed
was obtained from the data analysis performed on the DB-1701 GC column.

f Synthesis produced insufficient yields to allow measurements, therefore measurements were not determined (nd).

concentrations. As evident froffig. 1 (lower panel), asthe and by Feilberg et al[24,34] and the values previously

reaction proceeded desorption from the walls decreased thaeported from this laboratory for 2M1NIR9]. As noted,

apparent decay rate. This is consistent with the conclusionthe indoor and outdoor measurements described here are in

of Feilberg et al. that evaporation of NNs from particles was agreement for 1NN, 2NN and 2M1NN and are in general

fast enough to keep up with the gas-phase photolysis decayagreement with the indoor values reported from this labo-

[24,34] Therefore, to determingpno: outdoors the initial ratory over 10 years ago. At that time, shorter photolysis

slopes of second-order linear regressions were used. times at higher light intensities were employed and only
The experimentally determined NOphotolysis rate, an upper limit for the photolysis rate was determined for

JNo,, for the indoor photolysis experiments was 0.114min 2NN, which was noted to initially increase by 10-20% after

a factor of 2.4 lower than the average outdoor value of

Jno, = 0.274+0.077 mirrL. Taking the difference in light  tapje 2

intensity into account, the indoor and outdoor measure- Measured photolysis rateksnot, indoors and outdoors

ments overlap within the uncertainties statedable 1for

all the nitro-PAHs except 2M4NN and 2M5NN, where the

10° x Kphot (Min—1)3

indoor photolysis rate measurements are lower. Considering Indoor Outdoor Reference

the large uncertainties in the outdoor measurements and thann 41+ 5 57+ 24 This work
overall consistency of the measurements, for example, the 64+ 5 9.9+ 0.8 Atkinson et al[28]
fastest rates are for IM8NN, 2M1NN, 1M4NN and 1NN 22 Feilberg et al[24]
and the slowest for 2NN, 2M6NN and 1M6NN for both 2NN 57+ 16 144+ 19 This work

the indoor and outdoor photolysis experiments, the indoor <8 7.7+ 06 Atkinson et al[28]
measurements are preferred and, when referenced to the 2 Feilberg et al{24]
appropriate/yo,, are taken to be predictive of photolysis 2M1NN 100+ 13 117+ 36 This work
under natural sunlight conditions. 148+ 28 8.0+ 2.2 Arey et al.[29]

Compared inTable 2are the present results and those 2|ndicated errors are two least-squares standard deviations. Calculated
previously reported for the NNs from this laboratdB8] for Jno, = 0.312mir .
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Fig. 2. Plots ofEq. (1)for the gas-phase photolysis of 1IM5NN, 1M2NN,
1M4NN, and 1M8NN in an indoor chamber with black-lamp irradi-
ation, wherekpnot at Jno, = 0.114mirr! are (962 £ 3.19) x 1073,
(116+£2.7)x 1073, (16.7+£3.7) x 103, and (617+23.1) x 103, respec-
tively. The data for IM2NN, 1M4NN, and 1M8NN have been displaced
vertically by 0.5, 1.0, and 1.5 units, respectively, for clarity.

Time (min) berg et al. in a very large (190¥outdoor Teflon cham-
Fig. 1. Plots ofEq. (1) for the gas-phase photolysis of 2NN, 1NN, and ber, in the presence of 0.8 mg—'?nOf diesel exhaust parti-
2MINN (batch 1) in an indoor chamber with black-lamp irradiation and cles[24,34]. It is not known if the presence of the particles
in an outdoor chamber with sunlight irradiation. The results from three resulted in the factor of-2 slower photolysis of the NNs
replicate experiments conducted indoors are shown in the upper panelghserved by Feilberg et 6{24,34].
(the fourth points at 15 and 30 min are replicate samples). For the indoor Gas-phase absorption spectra of the MNNs are not avail-
photolysis, thekphot at Jno, = 0.114mirm! are (206 =+ 0.53) x 1073, p ; P P . )

able, but using the reported absorption cross-sections for

(16.3+1.1) x 1073, and (466+2.5) x 1073, for 2NN, 1NN, and 2M1NN, : ) _ !
respectively. These indoor results for INN and 2M1NN are a subset of 2M1NN in ethanol solution and a Tropospheric Ultraviolet

the complete data set used to calculate the values givdibie 1 The Model (TUV model version 4.0), an effective quantum yield
results from 10 replicate experiments conducted outdoors are shown ingf 35 « 103 has been calculatef®5] based on the pre-
the lower panel with a second-order linear regression plot. Kbha at viously reported[29] outdoor photolysis rate for 2M1NN

Jno, = 0.274mirm? taken from the initial slopes are (#216) x 1073, . .
(50+ 21) x 10-3, and (103t 31) x 102 for 2NN, 1NN, and 2M1NN, (seeTable 2. Employing the 2M1NN photolysis rate re-

respectively. Note that the concentrations measured for samples begunported here, the resulting quantum yield for 2M1NN would
10min after the chamber was uncovered were used for the zero time be ~4 x 10~2.
values in these outdoor experiments. The photochemistry of nitroaromatic compounds has been
attributed to intramolecular nitro to nitrite rearrangements
[36—39] The photochemistry of the nitropyrenes (NP) has
turning on the lights. At 20% light intensity as used here for been described as resulting from the interaction of the ni-
the indoor experiments, temperature variations due to heat-tro group with the aromatier system of pyrene, with 1NP,
ing of the chamber and potential wall adsorption/desorption where the interaction is strong, undergoing photolysis much
of the nitro-PAHs should be minimized. In the previous out- more rapidly than 2NP. The photochemistry was shown to
door experiments, initial increases in concentration during correlate with the electron impact mass-spectroscopic prop-
the first 5min of photolysis were noted, followed by linear erties of the NPs in that 1NP shows a strong [M-N@]g-
decreases, which were much slower than observed indooranent attributed to N@to ONO rearrangement followed by
for INN and 2M1NN[28,29] It is now believed that the de-  loss of NO from the molecular ion, and this fragment is lack-
creases were dominated by wall adsorption/desorption pro-ing in the spectrum of 2NP. Furthermore, the identification
cesses in the small chamber (3)nemployed at that time. of 1-hydroxy-2-nitropyrene from 1NP photolysis suggested
In agreement with our present values, the photolysis of intramolecular rearrangement of the excited state to form
1NN was much faster than that of 2NN as measured by Feil- 1-hydroxy-2-nitrosopyrene, which is readily oxidizE38].
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The much faster photolysis of 1NN relative to 2NN rates. It can be observed that all the compounds with di©
suggests that the slow photolysis of 2NN is attributable to C; are more reactive than the compounds with,ND G,
little interaction of the nitro group with the naphthalene with the exception of 1IM2NN, which has amtho methyl
aromatic system, consistent with the lack of an [M-NO] group. Those isomers with NOon the G are somewhat
fragment in the mass spectra of 2NKO0,41] Although non-planar, with the N@forced out of the plane by thgeri
INN eliminates CO from the molecular ion through a hydrogen[43] and these photolyze more rapidly than the
mechanism that has been shown not to involve nitro to planar isomers. For IM8NN, the N@nd the methyl group
nitrite rearrangemenf40], in collision-induced dissocia- are peri to one another and 1M8NN is most rapidly pho-
tion spectra, 1NN shows the loss of NO to be the major tolyzed. The slowest photolysis occurs for 2NN, 2M6NN,
fragmentation above 58eV, with CO loss dominating at 1IM6NN, and 1M3NN, all planar molecules with the NO
20eV[42]. The formation of 1-hydroxy-2-nitronaphthalene on the G carbon. Only for LM2NN, where thartho methyl
from the photolysis of gas-phase 1NN has been observedgroups forces the N©out of the plane of the naphthalene
[28], supporting intramolecular rearrangement in 1NN ring system, is the photolysis comparable to isomers with
photolysis. the NG on G.

Table 3lists the NNs and MNNs with nitro substitution The non-planar nature of the nitronaphthalenes with
on G and G of naphthalene according to their photolysis methyl substituentsortho or peri to the nitro group is

Table 3

Nitronaphthalenes and methylnitronaphthalenes withy M@bstitution on @ and NG substitution on @ listed according to photolysis réte

NO, Photolysis rate N@on G Photolysis rate
NO,

ot

@

2
Qo
Y

O IM3NN
2MINN

37 N

&

NO »
IMSNN O 1M2NN
62 12
0,

1M4NN
OO IM6NN
17 NO, 4
QO 2M6NN
INN
15 NO 3
NO,
2N

2M8NN N
12 2

IM5NN

Z
o
(5]

10

2M4NN

Q

2

=}
™
©

2M5NN

g

NO, 7

3Photolysis rate is 0x kpnot (MiN~) measured indoors ako, = 0.114 mir 2.
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suggested by their NMR spectra which show evidence for pete with photolysis as a tropospheric loss process for these
steric crowding in the diminished downfield shifts of the compounds.

protonsortho to the nitro groups in 1IM2NN and 1M8NN The photolysis rates measured here have interesting tox-
and of theperi proton in 2M1NN[4,44] relative to the NNs. icological implications. 2NN has a longer lifetime due to
Also the mass spectra of these MNNs show an [M—OH] photolysis than does 1NN, and is also more mutagenic in
fragment[4,32], which has been noted as characteristic Salmonella [5,10]. For the MNNs, the same factors which
of nitro-PAHs containing a sterically hindered nitro group result in shorter photolysis lifetimes, methyl substitutasn

[38]. Presumably nitro group orientations that favor in- tho to the nitro group and nitro group substitution on,C
tramolecular rearrangement of the excited state will pho- result in lower mutagenic activiti,5,8]. Therefore, for the
tolyze most rapidly{37—39] However, it has been shown volatile nitro-PAHs examined here, the longer-lived species
that non-planarity alone does not result in rapid photol- are also more mutagenic.

ysis. 1-Methyl-2-nitropyrene (1M2NP) is expected to be

non-planar with the methyl group at position 1 forcing the

nitro group at position 2 out of the plane and, indeed the Acknowledgements
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