Development of a Single-Particle Technique to Study Insoluble Residues from Isoprene-Derived
Secondary Organic Aerosol in Droplets

Rebecca L. Parham,* Alison M. Fankhauser, Jia Shi,® Madeline E. Cooke,* Jin Yan,? Cara Waters,* Yao Xiao,*
Katherine Kolozsvari,* N. Cazimir Armstrong,? Zhenfa Zhang,? Avram Gold,? Jason D. Surratt,> and Andrew
P, Ault?

IDepartment of Chemistry, College of Literature Sciences and the Arts, University of Michigan,

Ann Arbor, Michigan, United States 48109

2Department of Environmental Sciences and Engineering, Gillings School of Global Public

Health, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, United States

27599

Abstract

Atmospheric aerosols are key contributors to cloud condensation nuclei (CCN) and ice nucleating
particle (INP) formation, which can offset positive radiative forcing. Aerosol particles can undergo many
cycles of droplet activation and subsequent drying before their removal from the atmosphere through
dry or wet deposition. Cloud-aerosol-precipitation interactions are affected by cloud droplet or ice
crystal formation, which is related to the physicochemical properties of aerosol particles. Isoprene-
derived secondary organic aerosol (iSOA) is an abundant component aerosol and has been previously
found in INPs and cloud water residues, and it includes both soluble and insoluble residues in its particle
matrix. Currently, most of our understanding of iSOA is derived from studying the soluble residues, but
there has been a measurement gap for characterizing the insoluble residues. These measurements are
needed as previous research has suggested that insoluble components could be important with respect
to CCN and INP formation.

Herein, a unique approach is utilized to collect the insoluble residues of SOA in ~3 um droplets collected
from a Spot Sampler from Aerosol Devices, Inc. iSOA is generated by reactive uptake of IEPOX onto
acidic seed particles (ammonium sulfate + sulfuric acid) in a humidified atmospheric chamber under
dark conditions. Droplets are impacted directly on a substrate or in a liquid medium to study the roles of
insoluble residues from both single-particle and bulk perspectives. A suite of microspectroscopy
techniques, including Raman and optical photothermal infrared (O-PTIR) spectroscopy, are used to
probe the chemical composition of the residues. Atomic force microscopy — photothermal infrared
(AFM-PTIR) spectroscopy and Nanoparticle Tracking Analysis (NTA) are used to measure the size
distributions of the residues. These insights may help understand the properties of residues from cloud
droplet evaporation and subsequent cloud-aerosol-precipitation interactions in the atmosphere.



