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Research Overview

A fiber laser is tuned to a rovibrational line around 353 nm which excites the formaldehyde to
the first electronic excited state. Once the pulse is turned off, a photomultiplier tube
measures the fluorescence signal which is proportional to the mixing ratio of HCHO in the
sample.

In-canopy HCHO flux measurements enabled by FILIF 

in Colorado (DiGangi et al., Atmos. Chem. Phys., 2011).
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Our aim is to understand anthropogenic impact on atmospheric composition within the
context of pollution and climate:

One focus is on chemical mechanisms that control concentrations of ozone (O3) and
secondary organic aerosol (SOA), secondary pollutants with profound effects on
climate, human health, and the environment. This work aims at providing detailed
understanding of how anthropogenic emissions influence rate of chemical processes in
the atmosphere as well as the resulting product formation. This is important for
predicting future conditions, but also for understanding the pre-industrial state of the
atmosphere, which is the most commonly used starting point for defining human-
induced changes and the role of the Anthropocene.

Another focus is understanding how differences in key physical and chemical properties
of materials determine their radiative parameters and chemical reactivity in the aerosol
phase. This focus develops fundamental scientific underpinnings for assessing the
merits and risks of injections of stratospheric aerosol, suggested as a means to
complement mitigation in moderating climate change and, perhaps, even bolstering
stratospheric ozone recovery. This work requires new laboratory measurements of
heterogeneous reaction rates under stratospheric conditions, and of the optical
properties of solids with modern instrumentation.

Contact Information

Back: Adam Birdsall, Frank Keutsch, John Dykema, Alex Zaytsev
Front: Jean Rivera, Zhen Dai, Josh Shutter

New laser and mass-spectrometric instrumentation enable new types of 
measurements and provide new insights

Formaldehyde Laser-Induced Fluorescence
HCHO is one of the most abundant gas phase carbonyls
in the atmosphere (0.2-20 ppbv) and joins glyoxal as a
tracer for VOC oxidation

(Left) HCHO LIF instrument flown on a zeppelin in Po Valley, Italy, to map out morning chemistry. (Right) Modeled O3 production
resulting from increased levels of HCHO (Kaiser et al., Atmos. Chem. Phys., 2015)

Hydroxyl Radical Sequential Two-Photon Laser Induced Fluorescence (TP-LIF)
OH is the dominant oxidizing species in the earth’s atmosphere and its direct measurement
is crucial to our understanding of atmospheric oxidation.

Recent papers have shown poorly understood instrument artifacts in published OH
measurements using single photon LIF. Our goal is to develop the first field-capable OH
TP-LIF instrument that isolates or even eliminates instrument-generated OH interference.
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Above: Tropospheric OH chemistry pathways
Below: Energy diagram for OH shows pathways 
for TP-LIF excitation and fluorescence

Schematic of TP-LIF instrument 
prototype. The instrument 
couples an OPG laser system 
with an existing Ti:Sapphire
laser system that is frequency-
doubled to 346 nm.

Group Members

Volatile organic compounds 
(VOCs) emitted into the 
atmosphere from biogenic and 
anthropogenic sources undergo 
OH-initiated oxidation and 
participate in further chemical 
processes, leading to formation 
of O3 and SOA

Field Campaigns

Keutsch Group
Atmospheric Chemistry in the Lab and the Field

Synthesis of poorly-understood atmospheric compounds

Peroxide Synthesis
Standards for many atmospherically-relevant organic species such as
isoprene hydroxyhydroperoxide (ISOPOOH, right) are urgently
needed. Synthesis of hydroperoxides, in particular, enables us to
explore their role in gas and aerosol phase chemistry. Though
currently overlooked, they are important in low NOx environments.

The reaction of glyoxal with ammonium-
containing salts forms a brown solution. Aqueous (cloud) processing beyond glyoxal: The case of 

ISOPOOH in the GEOS-Chem simulation. There’s a strong 
dependence on OH in cloud droplets.

We deploy our formaldehyde and (methyl)glyoxal instruments to collect land, sea and air 
measurements, in areas dominated by both anthropogenic and biogenic emissions. 

These field campaigns allow us to test our knowledge of atmospheric reaction mechanisms 
across all ranges of conditions and environments. It is crucial for our models to make accurate 
predictions in any situation, particularly in an era with rapidly shifting emission 
inventories for both the developing and developed world.

• Field campaigns
• Instrument development
• Laser spectroscopy

• Organic synthesis
• Computer modeling
• Chamber experiments

Current/Future Campaigns Past Campaigns

Scientific Approach

Geoengineering

Can modification of the chemical 
composition of the stratosphere influence 
solar radiation reaching the surface? Can we 
“design” aerosols for solar radiation 
management?

Planned laboratory kinetics experiments of 
surface photocatalytic reactions and aging of 
aerosols in addition to possible small-scale 
field experiments.

Shortwave radiative forcing– a measure of the moderation 
of solar input to climate – as a function of aerosol radius 
for an idealized 1 Tg global stratospheric burden. High 
index of refraction and low density allows SiC, diamond, 
and anatase TiO2 to achieve greatest moderation per unit 
mass. 

Laboratory kinetics experiment utilizes classic fast-flow 
reactor techniques with mass spectrometer detection to 
measure the uptake of gas-phase molecules on solid 
surfaces. Analogous experiments provided the scientific 
foundation for understanding the formation of the ozone 
hole due to anthropogenic CFCs. In partnership with Prof. 
David Keith of SEAS.

A high-altitude (55,000 feet+), long-duration scientific 
balloon has been adapted to achieve self-propulsion with 
respect to ambient winds. This novel platform can host a 
wide variety of in situ chemical sensors and is ideally 
suited for stratospheric chemistry field experiments. In 
partnership with Prof. James G. Anderson.

Chemical modeling, based on known gas-phase and 
heterogeneous reaction rates, allows us to assess 
potential ozone loss for a range of possible solid aerosols 
as a function of the shortwave radiative forcing they 
produce. For one solid, ozone production is actually 
enhanced!


