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Outline/Summary

Modern climate change is strongly influenced by aerosol and clouds. The atmospheric ageing
or oxidative processing of pollutants in aerosol and clouds affects particle/droplet size and the
optical properties of the aerosol and cloud. Aerosol particles and cloud droplets contain nat-
urally occurring organic materials forming organic films on the droplet. Atmospheric oxidation
and removal of this film can cause a significant change in optical properties and potentially
new cloud formation and may affect precipitation. Previous work has studied the oxidation
reactions with proxy chemical compounds. We wish to use our prior expertise to study organic
matter extracted from real atmospheric aerosol in advanced oxidation experiments to quantify
interfacial oxidation chemistry effects on atmospheric radiation budgets, cloud formation and
global climate change. The work will investigate two systems: (I)The timescale for oxidation of
real organic matter (extracted from real atmospheric aerosol) at the air-water interface using
laboratory generated radicals and, (II), how the oxidation of organic matter will change the op-
tical properties of aerosols and thus the top-of-the-atmosphere albedo. The work will decide
whether the oxidation of film on aerosol and droplets warm or cool the planet.

1 Rationale

Figure 1: The aim is to quan-
tify the difference in the radiative
forcing to the planet (1D) result-
ing from the oxidation of coated
atmospheric aerosol.

One of largest unknowns in predicting trajectory of future climate
change is Man’s effect on cloud cover. Clouds reflect solar radiation
back to space and effectively cool the planet. (17) The scientific under-
standing of the cloud albedo effect has been described as low(17). All
cloud droplets nucleate on aerosol particles and aerosol particles that are
cloud droplet nucleation sites are termed CCN (cloud condensation nu-
clei). The chemistry of the particle affects the activity and vapour pressure
of water around the particle and thus controls whether a particle will be-
come a CCN. The atmosphere is a highly oxidising medium (effectively a
low temperature, dilute, combustion system oxidising chemical emission’s
from the planet surface and returning oxidised, and often soluble, mate-
rial back to the planet’s surface). Atmospheric oxidation of aerosol can
convert ’inert’ aerosol into CCN potentially creating new clouds and re-
tarding precipitation (rain) in clouds already present. (18) Aqueous aerosol
and cloud droplets are susceptible to organic film formation at the air-
water interface e.g. (19–24). The presence of such a film on the original
aerosol or cloud droplet may change the chemical and physical prop-
erties through (a) reducing the rate of evaporation from the aerosol or
droplets e.g. (25–28), (b) inhibiting the transport of chemicals from the gas to the liquid phase of the droplet
or aerosol e.g. (19), (c) reducing the scavenging of the droplet or aerosol by larger cloud and ice particles
e.g. (18,29), (d) alter the cloud condensation nuclei activation potential of the droplet or aerosol e.g. (30,31),
(e) change the optical properties of the droplet or aerosol e.g. (20)and (f) alter the reactive uptake ability of
the aerosol or droplet e.g. (32). An organic film at the air-water interface is susceptible to oxidation owing to
atmospheric chemistry e.g. (33–36), a consequence of which is film ageing e.g. (4,37). The oxidation chemistry
of the atmosphere is kinetically controlled and a metric of the timescale is the ‘oxidation lifetime’ (equal to
to the reciprocal of the first-order loss of film).
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Figure 4. Refractive index dispersions for urban, remote, and woodsmoke atmospheric aerosol extracts and humic acid aerosol, compared
to refractive index values from the literature. A sample of literature studies investigated aerosols from (1) remote locations (e.g. b: Virkkula
et al., 2006); (2) biomass burning (e.g. a: Hoffer et al., 2006; c: Guyon et al., 2003; i: Yamasoe et al., 1998; n: Chakrabarty et al., 2010; and
o: Dinar et al., 2008); and (3) organic aerosols (e.g. d: Kim and Paulson, 2013; e: Nakayama et al., 2013; h: Lambe et al., 2013; j: Spindler
et al., 2007; k: Kim et al., 2010; l: Yu et al., 2008; m: Flores et al., 2014a; n: Chakrabarty et al., 2010; and p: Trainic et al., 2011).

biomass burning aerosols. Interestingly, it has been sug-
gested that fire type plays a role in the amount of black car-
bon produced. A flaming fire has been shown to produce
more particles (see e.g. Reid et al., 2005) and in particu-
lar produce more black carbon than smouldering fires (see
e.g. Hoffer et al., 2006; Yamasoe et al., 2000). The fire from
which the woodsmoke aerosol extracts were collected was
flaming, and hence a high absorption Ångström exponent is
expected. It ought to be noted that the woodsmoke extract
was included in this work as an exploratory sample with
strong absorption behaviour, and future work will explore
smoke aerosol where the fuel and fire temperature are care-
fully controlled.

Considering the absorption Ångström exponent for the
aqueous humic acid aerosol, it can be observed that the ex-
ponent correlates with studies that determined the absorp-
tion Ångström exponent for biomass fuels. For example,
Schnaiter et al. (2006) deduced an absorption Ångström ex-
ponent between 2.2 and 3.5 for aerosols produced from the
combustion of propane, and Schnaiter et al. (2003) deter-
mined an absorption Ångström exponent of 1 for emissions
produced from the combustion of diesel.

4.4 Uncertainty in Mie spectra fitting

The collection technique applied to extract remote and urban
aerosols from the atmosphere was limited by airflow and fil-
ter size, and therefore the amount of material was limiting.
Organic material extracted from filters used in high-volume
aerosol samplers were not used in the study presented here
as the filter blanks demonstrated contamination. The con-
tamination was attributed to the quality of the filters used,
demonstrating that pre-combusted filters are critical.

Owing to the limited amount of samples, only small
droplets were optically trapped, causing the collected Mie
spectra to have little structure. A less structured Mie spec-
trum reduces the accuracy of the determined wavelength-
dependent refractive index, radius, and absorption Ångström
exponent. The Mie spectra in Fig. 1 of summer urban aerosol
extracts are structured with pronounced peak shapes that al-
low the facile fitting between simulated and measured Mie
spectra. Such spectra allow a relatively small range of val-
ues of the radius and Cauchy coefficient to provide a good
fit between measured and simulated Mie spectra. The rest of
the Mie spectra in Fig. 1 have significantly fewer Mie reso-
nances, and their peak shapes are less pronounced. The un-
certainties become larger as the spectra become less struc-
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Do these films effect the climate?
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Figure 2.10: A diagram of the spectroscopic illumination system, after the construction of the side-arm.

reflective collimator (Thorlabs UV-Enhanced Aluminium F01), which consists of a 90�

off-axis parabolic mirror. Reflective collimators are extremely efficient at focussing light
into a fibre, and reflective optics minimise chromatic aberration compared to transmis-
sive optics. However, reflective collimators must be perfectly aligned and are difficult
to positionally adjust once added to the optical system. At the spectrometer, the fibre
output was placed on a micrometer mount, with the beam output shone directly into the
entrance slit of the spectrometer. Figure 2.11 shows a typical Mie scattering spectrum
of an optically trapped salt-water particle using the upgraded side-arm spectroscopic
system, demonstrating observable resonance peaks at wavelengths >0.36 µm.

Final Upgrades

This section covers the final changes made to the side-arm spectroscopic illumina-
tion system to push the wavelength range of the measurement technique to wavelengths
<0.35 µm. Firstly, the fibre anti-reflection coating was changed from 0.4-0.7 µm (Thorlabs
M200L02S-A) to 0.2–1.1 µm (Ocean Optics QP200-2-SR-BX). To simplify the alignment
process, the reflective collimator was replaced with a focussing lens (Thorlabs 100mm
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Mie spectra of silica core (blue), silica/urban aerosol core-shell particle 1 before reaction (gold) and 
120s after reaction (green), demonstrating that a thin film of 10nm was formed and removed, leaving 
the silica core only. The grey dashed vertical lines are to demonstrate the bare silica and the oxidised 

core-shell particle have the same Mie resonances
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Do thin films have an effect on radiation budget?
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Fig. 7 The change in the top-of-atmosphere albedo from a 1D radiative-transfer model for a layer of spherical silica aerosol with and without an
organic film as a function of film thickness. The distribution of particle size and the optical properties of the films are described in the text. (a) the
change in albedo for an atmospheric layer of aerosol with remote size distribution and optical properties consistent with remote aerosol. (b)the change
in albedo for an atmospheric layer of aerosol with urban size distribution and optical properties consistent with urban aerosol.
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How long do these films survive 
in the atmosphere?
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Kinetic multi-layer modelling



What is the atmospheric lifetime with respect to oxidation?

Figure 7. Results from the fitting the kinetic model (red) described in section 3.3 to the experimental data (grey). The range of model outputs

from the MCMC sampling procedure consistent with the data are presented. The evolution of the uptake coefficient over time is extracted

from the best fitting model run for each sample.
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Figure 8. The half life of the film owing to chemicals oxidation by OH radical for different OH radical mixing ratios. A typical hydroxyl

radical mixing ratio [OH]atm is shown as a vertical dotted line.
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Questions


