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Effect of Initial Toluene Concentration on the
Photooxidation of Toluene—NO,—-Air Mixture
- |I. Aerosol Formation and Growth
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Abstract

An experimental investigation of the gas-phase photooxidation of toluene—-NO,~air mixtures at sub-ppm
concentrations has been carried out in a 6.9 m®, indoor smog chamber irradiated by blacklights. Measured
parameters in the toluene-NO, experiments included aerosol, O;, NO, NO,, NO,, CO, SO,, toluene, and air
temperature. The initial toluene concentration ranged from 225 ppb to 991 ppb and the initial concentration ratio of
toluene/NQ, in ppbC/ppb was in the range of 5~20. It was found that the variation of aerosol number
concentration with irradiation time caused by the photooxidation of toluene-NO,-air mixtures depended on the
initial toluene concentration for similar concentration ratio of toluene/NO,. The dependency of initial toluene
concentration on the photooxidation of toluene—NO, —air mixtures for toluene/NO, =5~ 6 seemed to be opposite to
that for toluene/NO, = 10~ 1 1. The maximum number concentration of aerosols formed by photooxidation and the
aerosol yield depended on both initial toluene concentration and initial concentration ratio of toluene/NO,. In this
study, the aerosol yield, defined as aerosol formed per unit toluene consumed, was found to be 0.01 ~0.16.
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Fig. 1. Schematic diagram of the experimental system.
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Table 1. Experimental conditions for the photooxidation in the toluene-NO, - air mixture experiments.

Run number AO2R05  AO6RO6  AO2R08  AIOROS  AO6RI1  AO9RIO  DO6R20  AO9R20
Photolysis rate of NO,
T 0.49 0.49 0.49 0.49 0.49 0.49 0.13 049
(ky, min™")
Initial conditions
Toluene (ppb) 2245 556.7 243.8 990.6 612.7 9435 556.7 8722
NO (ppb) 302.7 624.7 2153 878.2 342.1 614.9 171.4 3123
NO, (ppb) 0.1 66.3 1.8 19.4 573 66.7 2738 1.0
NO, (ppb) 303.8 691.0 217.1 897.6 399.4 681.6 199.2 3133
Tol/NO, (ppbC/ppb) 5.2 5.6 79 7.7 10.7 9.7 19.6 195
SO, (ppb) 17.3 23.1 143 62.0 272 436 23.1 28.4
CO (ppm) <0.04 <0.04 0.06 0.05 <0.04 <0.04 <0.04 <0.04
Air temperature (°C) 21.6 NMY 223 21.8 NM 22.9 21.6 24.8
Irradiation time (min) 420 400 438 336 313 450 380 367
Maximum O, (ppb) 153% 718 387 436 543 773 217% 491
Final SO, (ppb) 13 35 1.5 12.0 6.7 5.0 12.3 7.5
Final CO (ppm) 0.18 0.92 0.48 0.55 0.72 0.94 0.15 0.71
Reacted t“?ltl'lege(ROG 5 313 60.1 62.1 297 383 54.4 18.1 474
N ’ en f;‘ 10 diation @ (289) (1,376) (623) (1,210 (1,038) 2.111) (415) (1,702)
He/m’) at irradiation @360 @317 @379 @322 @206 @369 @375 @353
time (min)
Aerosol formation ) 3 1) kN
fnation - 4.0 88.4 161.0 813
(M, ug/m ) at irradiation @360 @317 NM NM @206 @369 NM NM
time (min)
Aerosol yield (= M/ROG) 0.0l 0.06 " 0.16 0.04
at irradiation time (min) @360 @317 NA NA @206 @369 NA NA

Y not measured, > final Oy concentration, > measured by a SMPS, * not applicable
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Fig. 2. Change of gases and aerosol concentrations
during the irradiation for AO6R06.
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Fig. 6. Effect of initial toluene concentration for Tol/NO,= 5~ 6 and 10~ 11.
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