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H I G H L I G H T S

• SOA could be detected under less iso-
prene consumption with increasing OH
concentration.

• SOA yield under atmospheric relevant
conditions was greater than those of
previous studies.

• OH concentration played important role
in SOA formation from isoprene
photooxidation.
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The formation of secondary organic aerosol (SOA) from isoprene photooxidation was investigated to reveal the in-
fluence of OH concentration on SOA formation through varying the concentrations of isoprene and H2O2 in a smog
chamber. The results indicated that the higher the OH concentration was, the less the isoprene consumed for the
detectable SOA mass concentration, for example, the lowest isoprene consumption for the detectable SOA was
about 14.4 ppbunder theOH concentration of about 1.65×107 molecules cm−3 ,whereas tens ppb of isoprene con-
sumptionwere needed under the OH concentrations b1.0 × 107 molecules cm−3 , and even no detectable SOAwas
observed with isoprene consumption of 75.1 ppb under OH concentration of 7.2 × 105 molecules cm−3 . SOA yield
was also found to increasewith increasingOH concentration for a given aerosol loading (M0) at atmospherically rel-
evant conditions, confirming that OH concentration played important role in SOA formation from isoprene photo-
oxidation. The maximal SOA yields (5.8–42.8%) obtained by this study were a factor of 1.5–3.1 greater than those
reported by previous study for the almost the same initial reactant concentrations of isoprene andH2O2, and the dif-
ferencewasmainly ascribed to the higher OH concentrations in the reaction systems of this study than those of pre-
vious study. The OH concentrations adopted in this study closed to those in the real atmosphere around noontime,
and hence the SOA yield obtained from the isoprene photooxidation might be representative.
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1. Introduction

Isoprene (2-methyl-1,3-butadiene, C5H8) is themost abundant non-
methane volatile organic compound (VOC) emitted into the atmo-
sphere, with its global atmospheric emission of about 600 Tg·yr−1

(Guenther et al., 2006; Kroll et al., 2006). It can be readily oxidized by
OH (Atkinson, 1997; Claeys et al., 2004; Edney et al., 2005; Kroll et al.,
2005, 2006; Nguyen et al., 2011), O3 (Kamens et al., 1982; Kleindienst
et al., 2007b; Ren et al., 2017; Sato et al., 2013) and NO3 (Ng et al.,
2008) to form secondary organic aerosol (SOA), influencing regional
air quality (Schell et al., 2001), human health (Carlton et al., 2009),
global radiation balance (Shen et al., 2015), and climate change
(Pacifico et al., 2009).

The contribution of atmospheric isoprene to SOA has received in-
creasing attention since the detection of 2-methyltetrols, the tracer
compounds of isoprene photooxidation, in the aerosol samples from
Amazon forest (Claeys et al., 2004). Thereafter, several additional com-
pounds (such as 2-methylglyceric acid, C5 alkene triols) of isoprene SOA
were further identified in the samples from field and laboratory studies
(Edney et al., 2005; Ion et al., 2005). To quantify the contribution of iso-
prene to atmospheric SOA, SOA yields from isoprene photooxidation
have been investigated through smog chamber experiments, but the
values reported largely varied from 0% to 41% (Clark et al., 2016;
Dommen et al., 2006; Edney et al., 2005; Jia and Xu, 2018; Kleindienst
et al., 2006; Kroll et al., 2005, 2006; Lambe et al., 2015; Nguyen et al.,
2011; Pandis et al., 1991; Sato et al., 2011; Zhang et al., 2011). The
large variation of SOA yield was ascribed to many influencing factors
(Carlton et al.), such as temperature, relative humidity (RH), and NOx
level, aerosol loading (M0) et al., but the extent of the influence factors
on SOA yields still remained unclear. For example, Nguyen et al.
(2011) and Dommen et al. (2006) found that RH had little effect on
SOA yields from isoprene photooxidation with presence of NOx, while
Zhang et al. (2011) and Jia and Xu (2018) found SOA yield evidently de-
creased under humid condition in comparison with dry condition. Al-
though SOA yield has been found to depend on aerosol loading (M0),
the measured yields spanned over an order of magnitude for a given
value of M0 (Carlton et al., 2009). SOA yields from isoprene photooxida-
tion may also be strongly affected by the OH concentration (Carlton
et al., 2009) because the SOA formation from isoprene photooxidation
is involved in multiple-step OH reactions and there may be possible
competition reactions (such as photolysis of peroxides) versus OH reac-
tions to affect SOA formation. To our best knowledge, however, there
has been no study concerning the effect of OH concentration on SOA for-
mation from isoprene photooxidation under atmospherically relevant
conditions.

In this study, the influence of OH concentrations on SOA formation
from isoprene photooxidation was investigated by using H2O2 as the
OH precursor in a smog chamber. The finding of this study will help to
improve the understanding of the contribution of isoprene to atmo-
spheric SOA.

2. Materials and methods

The experiments were carried out in a 3-m3 collapsible FEP Teflon
reactor. The reactor was suspended in a heat-insulated room of
14.4 m3 , and the temperature in the room was exactly controlled at
25 ± 1 °C by an air conditioner (refrigerating capacity of 5KW). Sixty-
three lamp holders are equipped on the wall of the room to install dif-
ferent ultraviolet lamps. The nearest linear distance between the reactor
and the lamps is 40 cmwhen the reactor is filledwith 3m3 synthetic air.
There are nine outlets evenly distributed at the bottomof the reactor for
introducing synthetic air and gas-phase reagents aswell as for sampling
gas-phase and particulate compounds. The Teflon reactorwasflushed at
least 3 times with high purity nitrogen before each experiment to en-
sure that there were no interfering substances in the reactor.

H2O2 was introduced into the reactor by 3 L/min N2 passing through
a bubbler containing 30% H2O2 solution (Sigma-Aldrich) and a filter
(avoiding introduction of droplets) to the target concentrations. Liquid
isoprene (99.9%, Sigma-Aldrich) of 50 μL was firstly injected into a FEP
Teflon bag containing 5 L N2 for preparing a gasmixture of high concen-
tration isoprene, and then the gasmixturewas transferred into the reac-
tor through a 100 mL glass syringe to achieve target concentrations.
Synthetic air was introduced into the reactor at a flow rate of 70 L/min
through a flow totalizer (NAURA Technology Group Co., Ltd., Beijing)
to achieve a total volume of 3 m3 for each experiment. The concentra-
tions of isoprene in the chamber were measured every 5 min by using
a gas chromatograph with a photoionization detector (GC-PID)
(Zhang et al., 2000) which was calibrated by diluted isoprene standard
gas (10 ppm in N2, Center of Standard Reference Materials, China). Par-
ticle volume and number concentrationswithin the size distribution be-
tween 14.7 and 495.8 nm were monitored every 3 min through a
scanning mobility particle sizer (SMPS, TSI 3760). H2O2 concentrations
were indirectly measured by the O3 monitor (Model 49i, Thermo-
Fisher Scientific Inc., USA) based on the difference of the extinction co-
efficients between O3 and H2O2 at 253.7 nm (Kleindienst et al., 2009).
The concentrations of isoprene and H2O2 in the reactor under dark con-
ditions were measured to be stable after the gas mixture mixed for
30min, indicating that no dark reaction occurred in the reaction system
of isoprene+H2O2+air. And the variation of isoprene concentration in
the synthetic air was within the measurement uncertainty (±1.5%) of
the GC-PID during four-hour period. Each experiment was conducted
by turning on the lights after the mixture well-mixed in 30 min and
lasted for 240 min. Two low-pressure mercury lamps (Philips, 30 W,
O3 free) with central light emission of 253.7 nm were used as the light
source for Runs 2–10 and sixty-three black-light lamps (Philips, 30 W)
with central light emission of 365 nm were used for Run 1 (Table 1).
All the experiments were conducted under dry condition (relative hu-
midity b10%).

SOA yield is given by the relationship of Y =M0 / Δisoprene, where
M0 and Δisoprene represent the SOA mass concentration and the
reacted isoprene at a given time, respectively. The SOA density of
1.25 g/cm3 was used to convert the volume concentration to the mass
concentration according to the previous study (Kroll et al., 2006). It
should be mentioned that the maximal SOA yield around the reaction
time of 1 h when isoprene was almost consumed was adopted in this
study for each reaction system. Considering the SOA wall loss rate (cal-
culated based on the first-order decay of the SOA mass concentration
after reaching the peak value) of around 0.38 h−1 , the amount of SOA
consumption due to the wall loss around the reaction time of 1 h only
accounted for b19% of the total SOA mass concentration, and thus the
maximal SOA yields obtained in this studywas not corrected didn't cor-
rect for the wall loss.

3. Results and discussion

3.1. SOA formation from isoprene photooxidation

Isoprene photooxidation was firstly investigated by using sixty-
three black-light lamps (which emits a Gaussian shaped spectrum be-
tween 300 and 500 nm, with the maximum intensity of 365 nm) for ir-
radiatingH2O2 as the OH source in this study, but no SOA formationwas
detected during a period of 6 h (Table 1, Run 1). In contrast, Kroll et al.
(2006) found evident SOA formation at the reaction time of 1 h with
similar initial concentrations of H2O2 and isoprene under black-light ir-
radiation. The distinct difference between their results and ours might
be ascribed to the fact that the OH concentration for the study of Kroll
et al. (2006) was higher than this study, e.g. 50% isoprene consumption
within 1 h for their study, whereas only 22% for our study. Considering
the variation of isoprene concentration in the synthetic air in this study
waswithin themeasurement uncertainty (±1.5%) of the GC-PID during
four-hour period, the consumption of isoprene was mainly ascribed to
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