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Introduction 
Polycyclic Aromatic Hydrocarbons (PAH) are formed from both anthropogenic and natural 

sources (1). In order to assess the environmental impact caused by the surface-adsorbed PAHs, 
the chemical lifetimes of these compounds in the atmosphere must be determined. Although 
ozone is known to be a primary reactant in the chemical transformation of surface-adsorbed 
PAHs in the atmosphere (2), the kinetics of these reactions have not been investigated in detail 
(3-7). 

Niki developed the first direct analytical method to follow the reaction between gaseous 
ozone and PAHs adsorbed onto a fused silica plate by monitoring the fluorescence of adsorbed 
PAH (8). Using the fluorometric technique, Niki determined the half-life of benzo(a)pyrene in 
the presence of ozone to be lower than any previously determined value. A crucial factor that 
was not compensated for in the calculation of PAH chemical lifetime was the oxygen effects. 
Oxygen is known to severely quench the excited state of adsorbed PAHs on porous glass or silica 
gel (9- 1 1). This large reduction of the fluorescence signal due to oxygen quenching leaves little 
signal with which to monitor the signal decrease due to ozone. Since oxygen was not removed 
from the ozone gas stream, it may account for the faster kinetics as determined fluorometrically. 

In addition to the experimental difficulties that arise in using an oxygen-ozone stream 
while monitoring the PAH with fluorescence, complications in analyzing the kinetic mechanism 
also exist. It is difficult to determine whether the ozone or oxygen initially quenches the excited 
state of PAH. Ozone could enhance the degradation rate by simply reacting with a product 
derived from the excited state of PAH and oxygen. 

The focus of this study is to demonstrate the use of fluorescence spectroscopy in 
monitoring the degradation of PAH adsorbed on a three dimensional particle in the presence of 
gaseous ozone free from the interference of oxygen. More specifically, the experimental 
procedure will involve the generation of an ozone-nitrogen gas stream to be used in the 
investigation of dark and photochemical reactions between ozone and naphthalene. The absence 
of oxygen in the system will allow for the accurate monitoring of PAH fluorescence decay due 
solely to ozone quenching. It will also aid in the determination of the reaction mechanism. This 
is the first time that the direct interaction of ozone with an excited state of PAH has been 
demonstrated. 

ResuIts and Discussion 
Although the adsorption process of ozone onto silica-type surfaces is relatively well 

known (12-13), the desorption process has not been thoroughly investigated. In order to use the 
ozone-nitrogen gas stream for kinetic purposes, it is essential to know the concentration of 
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the generation of an oxygen free stream with constant concentration of ozone. 
Several control studies were performed to ensure the observed decrease in naphthalene 

fluorescence during kinetic 'studies was due to the reaction between PAH and ozone and not 
naphthalene sublimation from the silica or a significant presence of oxygen in the system. The 
fluorescence decay of surface adsorbed naphthalene in the presence of light and an oxygen- 
nitrogen gas stream was monitored as a function of time. The observed decrease in fluorescence 
at 335 nm over time is due to the formation of phthalic acid photoproduct (11). The slope of 
a plot of Ln (I& versus [02].(time) represents to the rate constant of the reaction between 
excited state naphthalene (Nap*) and oxygen. This value was determined to be 3.8 x 10- 
/ppm-min. A control experiment was performed to determine if naphthalene sublimation 

contributes to the decrease of monomer fluorescence over time. After purging the sample cell 
with nitrogen for 1.5 hours, the decrease in monomer fluorescence was negligible. Therefore no 
significant losses of naphthalene by sublimation occur. This observation is in agreement with 
the findings of Alebic-Juretic (14). It is also shown that there was very little signal loss over 2 
hours due to the photoinduced decay of naphthalene in the presence of nitrogen. This indicates 
that only trace levels of residual oxygen exist in the system, most likely contributed by impurities 
within nitrogen gas from the tank. In total, the significant decreases in PAH fluorescence signal 
as a function of ozone-nitrogen purge time is due to ozone-PAH interactions. Interfering species 
and/or processes are negligible. 

The reaction kinetics between an oxygen-free ozone-nitrogen gas stream and surface 
adsorbed naphthalene was monitored fluorometrically as a function of time and ozone 
concentration. Assuming the ozone concentration is constant at the time of fluorescence 
measurement, the slope of the plot Ln (I& versus (time)-[03] then becomes the rate constant 
k for the given reaction. For the ground state reaction between naphthalene and ozone, the rate 
constant is 4.2 x l@/ppm.min. The rate of the Nap* and ozone reaction is 9.3 x lO"l/ppm.min; 
therefore indicating that the excited state chemistry between naphthalene and ozone is 
approximately 2.2 time faster than the ground state at this gven light strength. 

In comparing the kinetics of the Nap*-ozone reactir -: with the Nap*-oxygen reaction, the 
rate constant of the ozone study ( 9.3 x 104/ppm.min) k 2450 times faster than the Nap*/O, 
reaction ( 3.8 x 10-7/ppm-min). The conclusion that the excited state chemistry of naphthalene 
with ozone is faster than with oxygen is specific for this particular system. The model presented 
utilizes an average ozone concentration of 10 ppm for the Nap*-ozone reactions and a 2.5% 
oxygen gas stream for the Nap*-oxygen reactions. In the real atmosphere where oxygen makes 
up 20% of the gaseous environment, the ozone reaction does not appear to be fast enough to 
compete with the photooxidation reactions. Any enhanced rate of naphthalene kinetics due to 
the presence of ozone under closely simulated atmospheric conditions is most likely due to the 
reaction of ozone With the photoproduct derived from the primary PAH*-oxygen reaction. 
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Conclusion 
The generation of a concentration c o n m i i d  ozone-nitrogen gas stream provides a useful 

reactant for kinetic studies involving atmospheric processes. This is the first time that 
PAH/ozone reactions have been investigated in  an oxygen-free environment. Using the ozone- 
nitrogen gas stream is advantageous because it facilitates the use of fluorescence spectroscopy 
for directly monitoring PAH kinetics and drastically reduces the difficulties involved in 
differentiating between excited state chemistry of ozone and oxygen. 
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Figure 1. Schematic diagram of the experimental setup for the generation of an ozone- 
nitrogen gas stream. (A) Flowmeters, (B) T-valves, (C) Valves for venting, @) Glass coil 
containing silica gel particles, (E) Dewar with acetone and CO, , (F) Gas mixing bubble, (G) 
Sample cell, and (H) LSSOB Luminescence spectrometer. , 


