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Studies of Ozone Formation Potentials for Benzene and Ethylbenzene Using a

Smog Chamber and Model Simulation

JIA Long, XU Yong-fu

(State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese
Academy of Sciences, Beijing 100029, China)

Abstract: Ozone formation potentials from irradiations of benzene-NO _ and ethylbenzene-NO_ systems under the conditions of different
VOC/NO, ratios and RH were investigated using a characterized chamber and model simulation. The repeatability of the smog chamber
experiment shows that for two sets of ethylbenzene-NO irradiations with similar initial concentrations and reaction conditions, such as
temperature, relative humidity and relative light intensity, the largest difference in O, between two experiments is only 4% during the
whole experimental run. On the basis of smog chamber experiments, ozone formation of photo-oxidation of benzene and ethylbenzene
was simulated in terms of the master chemical mechanism (MCM). The peak ozone values for benzene and ethylbenzene simulated by
MCM are higher than the chamber data, and the difference between the MCM-simulated results and chamber data increases with
increasing RH. Under the conditions of sunlight irradiations, with benzene and ethylbenzene concentrations being in the range of (10-
50) x10° and NO, concentrations in the range of (10-100) x 10", the 6 h ozone contributions of benzene and ethylbenzene were
obtained to be (3.1-33) x10 7% and (2.6-122) x 10, whereas the peak O, contributions of benzene and ethylbenzene were (3. 5-
54) x107% and (3.8-164) x 10~ respectively. The MCM-simulated maximum incremental reactivity (MIR) values for benzene and
ethylbenzene were 0. 25/C and 0.97/C ( per carbon), respectively. The maximum ozone reactivity ( MOR) values for these two
species were obtained to be 0.73/C and 1.03/C, respectively. The MOR value of benzene from MCM is much higher than that
obtained by carter from SAPRC, indicating that SAPRC may underestimate the ozone formation potential of benzene.
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Table 1  Concentrations of benzene and ethylbenzene

in urban atmospheric environment/pg+m =3

X I F:S H#
46 5T (2000-04-05 ) 1! 18.9£12.8 5.5+4.4
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Jemt (A 2006 H ) 10) 8.37 5.14
Jese (P ERRERE S EIRTA 2006 B S 12 31
Il 1998111 33.8 15.6
Jp 2] 7.4 6.6
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FEBEZIN 19.5 10.2
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Table 2 Initial experimental conditions for benzene-NO, and ethylbenzene-NO, irradiations

H-NO, JEEAAR R P Ses 1 AISEE 2, LS
10 55256 11 1T B ie 40 25 1 ol B2 1

' NO x10~° NO, x10~? NO, x10~° VOC x10~° RH/% /K
1 2.5 76. 4 78.9 2.0 5 300
2 1.2 69.9 71.1 2.0 5 302
3 2.3 84.0 86.3 2.0 5 300
4 2.3 120. 1 122.4 2.0 5 301
5 1.8 166.3 168. 1 2.0 5 301
6 2.4 160. 6 163.0 1.0 5 299
7 2.6 166. 6 169.2 4.0 5 299
8 5.6 163.3 168. 8 2.0 85 303
9 2.7 108. 0 110.7 2.0 83 300

10 1.7 128. 8 130.5 2.3 5 301
11 1.4 129.2 130. 6 2.3 5 300
12 5.0 258.0 263.0 2.3 5 300
13 4.0 415.0 419.0 2.3 5 300
14 3.0 382.0 385.0 1.1 5 300
15 5.0 262.0 267.0 1.1 5 300
16 4.0 458.0 462.0 1.9 5 300
17 4.0 314.0 318.0 1.9 5 300
18 5.6 161. 4 162.0 2.5 30 299
19 5.7 131.4 137. 1 2.5 38 300

20 3.0 273.0 276.0 1.1 35 299

21 4.0 262.0 266.0 1.1 70 299

22 4.0 221.0 225.0 1.1 90 298

23 3.0 315.0 317.0 1.9 55 299

24 2.5 174.0 176.5 1.9 41 299

25 5.0 444.0 449.0 1.9 55 300

26 4.0 303.0 307.0 1.9 61 300

27 4.0 337.0 341.0 1.9 46 300
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Fig. 2 MCM simulations of benzene-NO, irradiations under different RH conditions
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