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Introduction Absorption

Aerosols interact with light directly and indirectly affecting climate radiative forcing * Incident Power removed  Ogpg
Direct interactions involve scattering and absorption and indirect interactions include altering cloud irradiation k due to absorption
albedo by affecting microphysical properties | i R W

Absorption and scattering are quantified by their respective cross sections, the sum of these is the /
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Aerosol light interactions represent one of the largest uncertainties in climate modelling and

improvements to measurements are crucial for future improvements?

In particular, the role of volatile components in light absorption is not well understood and so this
project endeavours to develop a state-of-the-art spectroscopic technique to measure them Figure 1: Direct interactions of aerosols with light, the scattering (red)
The project will work in collaboration with the Met Office and use EXSCALABAR- a suite of cavity ring and absorption (black) are represented by their respective cross
down and photoacoustic spectrometers which is deployed on the FAAM research aircraft sections
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Cavity Ring-Down Spectroscopy (CRDS) I\ — empty cavity

— aerosol-filled cavity
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Method used to measure the extinction cross sections of aerosols 3

Laser beam is injected into an optical cavity with two highly reflective mirrors
The characteristic time of the decay of signal is denoted the ring-down time
Ring-down times for the empty and aerosol laden cavity are recorded

The extinction cross section is then calculated:
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Figure 2. Measurement of ring-down times of an empty and filled cavity
In CRDS to determine extinction coefficients

Photoacoustic Spectroscopy (PAS)

i h I A highly accurate method for determining the absorption cross-section %>
cropiione The aerosol sample is irradiated with a periodically modulated laser

— Absorbing aerosols absorb laser light and are heated, they then cool down by transferring energy

cell to the surrounding bath gas

The gas molecules undergo adiabatic expansion and generate a pressure (sound) wave detected

by a sensitive microphone

The amplitude of the response is used to calculate the absorption coefficient via a calibration °

Current photoacoustic measurement approaches only allow absorption cross-section

measurements for dry aerosols, yet atmospheric aerosols often exist as deliquescent droplets

Phase Shift (PS)

Volatile components have competing mass flux pathways which consume energy that would
otherwise contribute to the microphone signal ’
Initial studies have shown the potential for using the phase shift®, between the periodic
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Figure 3: (a) The set-up of photoacoustic spectroscopy to measure the
absorption coefficients of aerosol samples which absorb light (b) Phase shift
In photoacoustic spectroscopy arising from mass flux effects shown by the

aerosols containing water or other volatile
components such as organics

lag between the modulated laser input (black) and the microphone response It has also been shown that this phase shift
(red) can be used to quantify the volatility

of an aerosol sample
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Figure 4: Pathways of energy transfer after an aerosol particle has absorbed
light from the incoming modulated laser. Reproduced from Ref. 9

Responsible innovation and policy Challenges

Potential to improve climate models which currently have large uncertainties * Developing new technique to be able to access volatile components
Working in collaboration with the Met Office allows direct benefits to be observed as the * Working to timeframes of access to instruments

instrumentation can be deployed on research aircrafts e Potential for experimental challenges when accessing high relative
Research will follow UKRI policies, and all work will be published open access humidity, e.g. water vapour may condense on instrumentation affecting
May support changes in emission policies to limit radiative forcing effects measurements

Project Workflow

Using aerodynamic aerosol classifier
(AAC) and scanning mobility particle
sizer (SMPS) to record mobility size
distributions of aerodynamically
classified particles

Repeat extinction and absorption
measurements of Cotterell et al.1°
using an AAC instead of a differential
mobility analyser (DMA) to size select
particles

Using humidifier on EXSCALABAR to
investigate optical properties of

hydrated particles using the phase
shift

Extend methodology to use aerosols
containing volatile organic
compounds
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