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Abstract: The effect of environmental factors on Secondary Organic Aerosol (SOA) formed from
hydroxyl radical COH + ) initiated photooxidation of isoprene were investigated by using a home-made
smog chamber. The size distribution of SOA particles from the above reaction were measured using
Aerodynamic Particle Sizer spectrometer ( APS). The effect of radiation time, reactant concentration,
and CH; ONO concentration on SOA formation from isoprene were evaluated by performing
photooxidation experiments under varying conditions. Experimental results showed that aerodynamic
diameter for SOA detected in isoprene photo-oxidation experiments was predominantly in 0.4 mm ~
1.4 mm, which were in the form of fine particles with diameters less than 2.5 pm. These fine particulate
matters are more easily deposit in the lung of the human being, and do great harm to the health. This
paper also highlighted that both the number and mass concentration of SOA particles were increasing
with the prolonging of the radiation time, the increasing of light intensity, and the increasing of the

reactant concentrations. The results could provide useful information to infer possible emission sources of
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atmospheric particles in future field measurement.
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0 Introduction

Large quantities of non-methane organic compounds are emitted into the atmosphere from biogenic
sources, mainly from forest and vegetation. MostBiogenic Volatile Organic Compounds (BVOCs) are
structured with isoprene-like units. The dominating species of natural emitted VOCs are isoprene and
terpenes. BVOCs play an important role in the chemistry of the lower troposphere, and in the troposphere
these organic compounds react with hydroxyl (OH) radicals, nitrate (NO;) radicals, and ozone (O;).
These reactions may contribute to the formation of Secondary Organic Aerosols (SOA). SOA can cause
visibility degradation, participate in radiation forcing, damage to plant life, lead to the formation of
photochemical smog, increase of ozone concentration, and cloud formation™?*. SOA is also harmful to

[4-6]

human health, such as increased risk of cardiovascular disease and lung cancer-"™™. It is estimated that

global SOA production from BVOCs ranges from 2.5 to 44.5 Tg (organic mass) per year, whereas the
global SOA production from anthropogenic VOCs ranges from 0.05 to 2.62 Tg (organic mass) per year'’.
Isoprene is the largest source of nonmethane hydrocarbons to the atmosphere (about 500 Tg C/year)t1%,
and forms SOA through photooxidation with OH radicals, NOj radicals, and O;, with the daytime OH
radical reaction dominating'’.

To reduce the impacts of SOA,understanding formation mechanism of SOA is needed, and obtaining
the influence factors on the formation of SOA is important. Most laboratory studies have been made to
study the formation mechanism of SOA particles formed from the photooxidation of isoprenet®!'2?"! In the
present work, we focused on the effect of radiation time, reactant concentration and CH; ONO
concentration on SOA formation from isoprene by using a home-made smog chamber to form SOA, TSI
Aerodynamic Particle Sizer spectrometer(APS) (TSI Model 3321) was employed in real-time detection of
size distribution of SOA particles, a series of isoprene photooxidation experiments were performed. The

results were compared with that of a-pinene and toluene photooxidation experiments.

1 Materials and methods

1.1 Materials

Isoprene (2- methyl-1, 3-butadiene) (99%) (CAS # 78-79-5) was obtained fromAlfa Aesar, a
Johnson Matthey company, United States, without additional purification in our experimental study.
Sodium nitrate (>>99%) and methanol (>>99%) were purchased from Tianjin ( The third Reagent
Manufactory), and nitrogen oxide (99.9%) from Nanjing Special Gas Factory, which were used without
further purification.

Methyl nitrite was synthesized by dropping sulfuric acid into a methanol solution of sodium nitrate.
The reaction products passed through saturated sodium hydroxide trap to remove the traces of sulfuric
acid, dried by passing through a calcium sulfate trap, and collected using a condenser of liquid nitrogen at
77 K. The methyl nitrite was purified using a vacuum system of glass.

1.2 Smog chamber experiment
Theexperimental system consists of sampling system, smog chamber system and detecting system.

2 In brief, the smog chamber was made

of sealed collapsible polyethylene with a volume of 850 L., and the ratio of surface to volume was 5.8 m ',

The experimental apparatus was described previously elsewhere

The reactor is surrounded by 12 sets of 40 W fluorescent black lamps with the wavelength of UV radiation
in the range of 300~400 nm. The volume of the glass vacuum system is 0.84 L, which equipped with a
vacuum gauge whose measuring range is 10~5 000 Pa.

Before each experiment, the chamber was flushed continuously with dry purified laboratory
compressedair for about 40 min. In order to remove the trace of hydrocarbon compounds, moisture and
particles, the compressed air was processed through three consecutive packed-bed scrubbers, containing
activated charcoal, silica gel and a Balston DFU © filter (Grade BX), respectively. Isoprene was sampled
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by a micro liter injector and injected directly into the chamber. NO and methyl nitrate were expanded into
the evacuated manifold to the desired pressure through Teflon lines, and introduced into the smog chamber
by a stream of purified air. The whole sampling system was completely shrouded from light with a black
polyethylene tarpaulin. Hydroxyl radicals were generated by the photolysis of methyl nitrite in air at
wavelengths longer than 300 nm"™*,

A series of experiments were conducted to investigate SOA generated from the OH-initiated oxidation
of isoprene under different experimental conditions. Experimental results were compared with the results

t[Zl]

of a-pinene OH-initiated oxidation experimen . The size distribution, the number concentration and the

mass concentration of SOA particles were detected by a TSI 3321 aerodynamic particle size spectrometer

(TSI, model 3321, USA) in real time.

2 Results and discussion

2.1 Size distribution of SOA particles and the effect of radiation time on SOA formation

In order to examine the size distribution of SOA particles, a series of experiments were carried out.In
the experiments, kept the relative humidity about 53% , and the temperature about 31 °C the concentration
of isoprene, NO, and CH; ONO were 1.5 ppm, 2 ppm, and 20 ppm respectively, with 8 black lamps
continusly radiation for 9 hours.

Fig. 1 showed the size distribution of SOA particles during the isoprene photooxidation experiment
measured by the TSI APS 3321 aerodynamic particle size spectrometer (particles/cm®) in real time. As
shown in Fig. 1, the SOA particles created by isoprene photooxidation experiment are predominant in the
form of fine particles, which have diameter (0.5-1.3 pm), being less than 2.5 um (i.e., PM2:5). Scientific

research works have proved that these fine particles are easily deposit in the lung, and do great harm to
human health %7,
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Fig.1 Size distribution of SOA particles formed from isoprene photooxidation reactions at different radiation time

Fig. 1 also showed that both the number of SOA particles and the aerodynamic diameter of SOA
particles increased slowly at the first stage. After 60 min’ reaction, the number of particles increased
significantly, and the predominant particles changed toward large diameter. After 4 hours’ radiation, the
generated SOA particles reach maximumn. After then, with the increasing of the radiation time, the SOA
particles decreased slowly, after 9 hours reaction, the generated SOA particles reached equilibrium. This
was different from the a-pinene photooxidation experiment®’, in which, with the prolonging of the
reaction time, the number of SOA particles increased significantly at first, and aerodynamic diameter of
SOA particles also increased slowly, and the predominant particles change toward large diameter. But after
about 45 min’ reaction, the rate became slowly. By comparison, we found that with the prolonging of the
reaction time, isoprene was easier to photolysis than a-pinene.

Fig. 2 showed the dependence of both number and mass concentration of SOA particles on the light
radiation time during the isoprene 8 black lamps photooxidation experiment. It could be seen from Fig. 2
that, at first, both number and mass concentrations had no change, which means no particles generated in
the first stage, but after 60min’ light radiation both the number and mass concentrations were increase

with the prolonging of the radiation time . The concentrations increased continously to the maximumn of
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2.2 The effect of reactant concentration on SOA formation

To investigate the dependence of SOA formation on the reactant concentration, we carried out a series
of experiment by change the concentration of isoprene samples. In theisoprene photooxidation
experiments, we kept NO and CH; ONO at 2 ppm, and 20 ppm respectively, with 8 black lamps
continusly radiation for 9 hours, and then detected the number and mass concentration of SOA particles in
real time by changing the isoprene concentration.

Fig.3 showed the effect of reactant concentrations on SOA formation. It can be seen from Fig.3 that
both the SOA number concentration and mass concentration increased with increasing of isoprene
concentration. As seen from Fig. 3(a) the total number of SOA particles was in about 3 300 particles/cm?
reached peak radiated with the isoprene concentration of 2 mg/L, which was much larger than that of
1.5 mg/L isoprene radiation experiment. It seemed that the increase was more obvious at higher isoprene

concentration.
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Fig.3 Effect of reactant concentrations on SOA formation

The mass concentration of SOA particles also increases with the reactant concentration as shown in
Fig.3(b). It seemed because with the increment of the reaction time, there were more products formed for
the subsequent reaction, and the mass concentration of SOA particles would increase due to more semi-
volatile organic compounds partitioned between gas phase and particle phase, it would follow that the fine
particles became larger through a self-nucleation or condense on the pre-exiting aerosol process. Total
reaction will be in equilibrium state as soon as the formation rate of fine particles was equal to that of large
particles condensed. For lower concentration of toluene, the amount of SOA particles would be increased
slightly with increasing concentration of isoprene. At higher concentration of isoprene, the yield of SOA
particles would increase rapidly with increasing isoprene.

1, we could get the conclusion that the effect of reactant

Comparedwith the results of toluene™
concentration on isoprene photooxidation followed the same pattern as toluene.
2.3 The effect of CH; ONO concentration on SOA formation

Hydroxyl radical (OH) concentrationplays an important role in the formation of SOA compounds, as
in our experiment the hydroxyl radical was generated using the photolysis of methyl nitrite"?* ;
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CH; ONO + hy(> 300 nm) - CH,; 0O «+ NO
CH;0 «+ O, - HCHO + HO, -
HO, «+NO —« OH + NO;

OH is the initiator of thephotooxidation reaction of isoprene. So we investigated the effect of CH,
ONO concentration on SOA formation.

A mixture of 2 mg/L isoprene, 2 mg/LL NO and CH;O NO were illuminated by eight black lamps for
9 h, the effect of concentration of CH; ONO on the formation of SOA could be studied through the
concentration change of CH;ONO. The experimental results were shown in Fig.4, as can be seen from the
figures that both the number and mass concentrations of SOA particles were increased with increasing

concentration of methyl nitrate.
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Fig.4 Effect of CH;ONO concentrations on SOA formation
3 Conclusion

To investigate theeffect of radiation time, reactant concentration, and CH; ONO concentration on
SOA formation from the photooxidation of isoprene, a series of chamber experiment were carried out by
real time detection of products with aerodynamic particle sizer spectrometer. Results showed that, the
size distribution of isoprene generated SOA particles was in the range of fine particles and that isoprene
was more easily to photolysis, it had large contribution to the formation of SOA. This study clearly
demonstrated that the number and mass concentration of SOA particles were increasing with the
prolonging of the radiation time and the isoprene concentration, and that the concentration of CH; ONO
had a great contribution to the formation of SOA particles.
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