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Aerosol Heterogeneous Chemistry
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Gas-solid kinetics: Mechalkiism
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The balance between the two limiting cases can be used to interpret the

turning point on the rate of sulfate formation.




Gas-solid kinetics: Mechanism

Organic acid on mineral dust

\ kl \
Al—OH + RCOOH Al—OH ----HOOCR
ki
O O
Kk
\A'_OH""HOOCR—>2 \AI—O—OOCR + H,0

O 0

Heterogeneous process: Important

Atmospheric lifetime
S o
HCOOH 8-13h 86 days
CH,COOH 4-5h 46days
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T= SA=150 um? cm-3
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Gas-liquid Kinetics
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Gas-liquid Kinetics

Exposure begins

' s

f

Exposure stops

|
400 . 500
Time/s

800

= pH=3
¢ pH=1
A 10wt%

| i 1 i 1
5 10 15
Distance L (cm)

20
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Gas-liquid Kinetics

acid solution
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If The system Peclet Number sufficiently large
the axial diffusion velocity will be much
less than the flow velocity

Pe = 2rviD;, Pe>10isnecessary,  Kyu= Ky*D;/r? (K;=3.66)
»Radial diffusion
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Epoxide

« The uptake of two epoxides under different pressures :

H,SO, P(Torr) y £10 (X107)
: : 180.0 1.89+0.14
isoprene epoxide pH=3
46.0 1.87%0.09
: o 131.0 8.78+0.21
butadiene diepoxide pH=7
65.5 8.49+0.15

e Using rotating cylinder with inner radius of 8 mm for
isoprene epoxide

r=12.5mm r==8.0 mm
H,SO, y tlo y Tlo
P (Torr K (X 10 P (Torr) Kaitt (X104
pH=3 180.0 0.976 0.189 £ 0.014 46.0 18.354  0.189 £ 0.006
1wt % 48.2 3510 2.78 + 0.083 26.2 26.734  2.81 + 0.057
10 wt % 27.1 10.336  7.99 & 0.116 25.2 28.901 8.14 + 0.180




Role of H,0,: MBO + H,S0

MBO 2- methyl-3-buten-2 -ol
. ¢ H,SO

4
OH disappear
I C=C increase
F: reactant GC:
m[’ﬁ N 5.778s (5.77s)

m ® H,SO,-1wt%H,0,
| 40Wt%H,S0, D OH disappear, HC=0
e W ﬂ fd(matloon GC:
ya 5.264s (5.273s)
FTIR S
/C:O

IR/GC/MS; with H,0.,:

formation aldehyde and ketone; and polymerization;
SVOC and SOA formation
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Main route and product
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New insights
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New insight
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Smog chamber simulation

Real atmospheric conditions

Chamber
70L , 3000 L, 2X(5m?3)
FEP Teflon film

% Reaction rate
* Mechanism

M Ge*, Atmos Environ, 2007, 2009, 2010, 2011, 2012, 2013



Atmospheric lifetime(EVE/PVE)
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ICCAS-TRC (twin-reactor chamber)
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Cavity ring down spectroscopy
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CRDS consists of two highly reflective concave mirrors with a

@high sensitivity

reflectively of 99.995%

The extinction coefficient is computed by comparing the
decay time(z) of a pulse laser trapped in the resonator both
: with and without aerosol

L(1 1 Advantages
B j @immune to shot-to-shot :variations of the laser intensity

@measuring the absolute extinction of aerosol
sample ; without instrument calibration

@long effective path length
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Yield (%)

ICCAS-TRC : SOA formation

20

O Odumetal., 1996 (308K)
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Photooxidation of aromatic hydrocarbons

o o | | Finding:
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Fig a; low-NOx experiment : 200 ppb m-xylene, 5 ppm H,0,

Low-NOx experiments: H,0O, was used as the OH precursor. The background
NOx level in the chamber : <1 ppb, the initial concentration of H,0O, : 1-5

ppm.
High-NOx : NO, was introduced from a 50 ppm standard gas cylinder.



Photo-oxidation of aromatic hydrocarbons

0.5
1 ¢ m-Xylene SOA
0.4 - —— RI=1.652 a.
' Ethylbenzene SOA
RI1=1.478
o Benzene SOA
0.3 1 RI=1.464
- A Toluene SOA
o) RI=1.45
(04
0.2 -
0.1
0.0 T T T T
100 150 200
Diameter (nm)
T T T T T
1 o Benzene SOA 1
1.2 4 RI1=1.496 b d
Ethylbenzene SOA ]
RI=1.473
1.0 A Toluene SOA ] 1
RI=1.464 0 1
0.8 4 & m-Xylene SOA z A .
% —— RI=1.464 Hag
() A ofie g
C 064
0.4 -
0.2 o=
./
1%0 2(|)0 2%0 3c|>0

Diameter (nm)

Dependence of the
extinction efficiencies
of the SOA particles
on the surface mean
diameter at a
wavelength of 532 nm
and the retrieved Rls
(a)low-NOXx

(b) high-NOXx
experiments



Photo-oxidation of aromatic hydrocarbons
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The RIs of the SOAs are altered differently as the NOx concentration

increases as follows: the RlIs of the SOAs derived from benzene and toluene increase,
whereas those of the SOAs derived from ethylbenzene and m-xylene decrease.




Photo-oxidation of aromatic hydrocarbons
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RIs of the different SOA particles: comparison between experimental data & model
values. The commonly used model values for the Rls of organic
aerosols are generally higher than the experimental

data for the SOAs formed from VOCs, which may cause the
overestimation of direct radiative forcing of organic particles to a
certain extent.



Photo-oxidation of aromatic hydrocarbons

1, The Ris of the BTEX SOAs are closely related to the initial NOx
concentration, with different aromatics displaying different
trends.

For the benzene and toluene SOAs, the Rl value increases as the
NOx level rises, whereas for the ethylbenzene and m-xylene SOAs,
the Rl value decreases correspondingly. This result is caused by
the different molecular structures and the RO, + NO pathway that
occurs under the high-NOx condition.

2, The dependence of the Rl value on the initial hydrocarbon and
oxidant concentrations was also investigated, revealing that the
initial concentrations of these reagents have little influence on
the optical properties of the SOA.

3, For gas-phase oxidation with no seed particles, the BTEX SOAs
have no obvious absorption at 532 nm. However, the SOA
particles formed under other conditions may absorb light in the
visible range, further studies should be performed.



Future Activities

1 Smog chamber experiments
SOA formation and extinction properties

2 Develop new techniques
CIMS etc

3 BC
Aerosol heterogeneous photochemistry
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