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 How do the optical properties of a droplet af-
fect the photochemistry of PA, compared to 
reactions in the bulk? 

 What are the intermediates and excited states that occur 
in a PA droplet and what controls their lifetime?  

positive and two negative), with DC electrodes 
placed at the top and bottom of the central cham-
ber. Droplets of ~30 mm diameter will be generat-
ed using a microdroplet dispenser, then charged 
using an induction electrode, levitated and spatially 
confined in the electric field within the quadrupole 
trap. A green laser will illuminate the droplet so that 
the scattered light can be imaged on a camera and 
droplet size quantified by analyzing the scattered 
light (the phase function). 
 

The strategy to couple an existing TCSPC setup 
with the LQ-EDB is yet to be confirmed, but re-
quires access to a laser beam to excite fluores-
cence, and collection optics to transfer emitted 
photons to the detector. Adaptations to the current 
design of levitating droplet apparatus will be re-
quired to achieve objectives 2 & 4.  

5. Levitating droplets4 

Time-correlated single photon counting (TCSPC) works by exposing a sample to a UV or visible laser pulse to excite the sam-
ple by absorption. Then, a detector collects photons emitted by the sample and records their time delays after the laser excitation 
pulse. The time between the excitation and fluorescence is measured by an avalanche photodiode over multiple laser pulses; for 
each pulse, the timing electronics record the times for photon emission, which are then converted into a histogram after data col-

lection over a large number of excitation laser pulses.5  
 

Transient absorption spectroscopy, shown in Figure 3, 
will be used to observe the population of the short-lived ex-
cited states of those intermediate molecules prepared by 
photoexcitation. Using a laser pump and probe experi-
ment, transient absorption spectra will be obtained. The ab-
sorption of different wavelengths by the sample over time 
will distinguish  different intermediates and products of the 
photo-excited sample. Two types of spectroscopy will be 
employed, transient electronic absorption spectroscopy 
(TEAS) and transient vibrational  absorption spectroscopy 
(TVAS), where each employs different broadband spectra 
to resolve  a range of chemical information.6   

6. Spectroscopy techniques  

9. References  

3. Key Questions 
to answer  

An LQ-EDB apparatus, shown in Figure 2, coupled with a droplet dispenser will be used to 
create and levitate charged microdroplets. The quadrupole consists of  four AC rods (two  
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1. Background1 

The composition of the troposphere is controlled by a complex network of re-
actions involving volatile organic compounds (VOCs), which lead to the for-
mation of secondary organic aerosols (SOAs). Organic aerosols comprise a 
significant proportion of atmospheric pollution, having a large effect on popu-
lation health and the global climate. 
Improvement in modeling the growth and processing of SOAs in the atmos-
phere is necessary for more accurate prediction and prevention. Understand-
ing how certain photochemically active atmospheric compounds, such as py-
ruvic acid, react in aerosol phases is required. An aerosol system is a better 
representation of the tropospheric environment than the bulk solution in a lab, 
so directly studying the formation of SOAs and their photochemistry will im-
prove atmospheric models.  
 

Pyruvate acid, PA, is an α- keto acid. PA arises from a water soluble product of 
isoprene oxidation (a biological VOC, commonly emitted from trees). PA is : 
 Environmentally-sensitive and its chemistry will be pH dependent, especially 

in acidic aqueous conditions.  
 Commonly used in atmospheric models, which do not consider aqueous multi-

phase data that should be 
more representative of trop-
ospheric chemistry shown 
in Figure 1. 

Aerosols often exhibit several 
key differences to a bulk medi-
um, such as:  
 faster reaction rates.  
 lower activation energies. 
 high surface area to vol-

ume ratios. 
 super saturated concentra-

tions.  

2. Pyruvic acid2,3 

Conduct bulk solution fluorescence lifetime 
spectroscopy measurements on PA, exploring 
the intermediates and excited states lifetimes.  

 

Probe droplets levitated in a linear quadrupole 
electrodynamic balance (LQ-EDB) with initial 
coupling to TCSPC. 
 

Vary the environmental conditions (pH and rel-
ative humidity) to measure the change in the 
photochemistry of  PA.  

 

Assess the suitability of transient absorption 
spectroscopy coupled to the LQ-EDB to study 
PA droplets. 

4. Aims & Objectives  

 Challenge 1 - Developing a robust, relia-
ble and repeatable method for measur-
ing fluorescence or transient absorption 
spectra of a levitating droplet.  

 Challenge 2 - New experiments will be 
likely to require custom-written software 
(written in LabVIEW, Matlab, or Python) 
to collect, process and analyse the ex-
perimental data. 

7. Challenges  

 

An improved understanding of atmospherical-
ly significant molecules that may contribute to 
issues of global health and climate change. 
Any research into human activity on climate is 
especially relevant due to the global conse-
quences. An aspect of interdisciplinary re-
search will be needed in this project to bridge 
the physical and environmental areas.  
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