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Indirect photochemical processes are inititated by chromophores absorbing in the near UV and visible spectrum of the
sunlight and lead to the oxidation of other non-absorbing compounds (Corral Arroyo et al., 2018). Iron carboxylate
complexes are an important class of chromophores and represent an important sink of carboxylic acids in the condensed
phase of atmospheric particles. Atmospheric particles dominated by organic components are known to exhibit substantial
changes in viscosity in response to changes in relative humidity and temperature and may even attain semi-solid or glassy
states under dry and / or cold conditions. It has been reasonably well established that increasing viscosity leads to
increasing molecular diffusion and multiphase reaction kinetic limitations (Steimer et al., 2015; Berkemeier et al., 2016).
In the present project we have expanded these investigations to attempt at understanding viscosity and transport limitation
effects on the degradation of organic aerosol initiated by iron carboxylate complexes. We specifically look at citric acid
degradation due to iron citrate photochemistry. A multitude of chemical and microphysical tools are used to measure:
1) mass loss of single levitated particles in an electrodynamic balance (EDB, see Fig. 1, right),
2) cycling of radicals, formation of oxygenated volatile organic compounds and condensed phase products in organic
films in a coated wall flow tube, and
3) spatially resolved analysis of the iron oxidation state within single micron sized particles using X-ray
microspectroscopy (Steimer et al., 2014) (Figure 1, left).
We employ novel kinetic modelling tools to assist analysis of our experiments as opposed to more traditionally available
steady-state analysis methods which are not applicable. The combined results indicate a strong limitation by diffusion of
oxygen into the particles under high viscosity conditions. This leads to reduced reoxidation of iron in the oxidation state II
(Fe(II)), which results from the initial photolysis of the Fe(III)-citrate complex. This reoxidation by Fenton type reactions with
reactive oxygen intermediates is required to complete the photocatalytic cycle that leads to citric acid degradation and thus
continued mass loss as observed in the EDB experiment. The absence of oxygen in the interior of the particles also leads
to different condensed phase products at low relative humidity. Therefore, our results have direct implications for the
degradation kinetics of carboxylic acids in aerosol particles, but may also more generally on the aging of viscous
atmospheric aerosol particles and related effects on human health.
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Figure 1. Left: Map of FeCit/CA particles (1:1 molar ratio) after illumination with UV light over 15 minutes in an atmosphere of 110 mbar of
oxygen and 40 % RH. The color scale indicates Fe(iii)/(Fe(ii)+Fe(iii)). Right: Mass loss of a FeCit/CA particle (1:20 molar ratio) during
illumination at 50 % RH; left axis: size , right axis: calculated mass remaining ratio.
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The Asian summer monsoon anticyclone (ASMA) is a major meteorological system of the upper troposphere-lower
stratosphere (UTLS) during boreal summer. It is known to be enriched in water vapor and aerosols, forming the Asian
tropopause aerosol layer (ATAL), due to rapid lifting of moist and polluted boundary layer air by deep convection and
horizontal confinement in the UTLS. Given its dynamical structure, the ASMA provides an efficient pathway for the transport
of water vapor and pollutants to the global stratosphere.
Within the StratoClim project, we performed balloon-borne measurements of temperature, water vapor, ozone and aerosol
backscatter from two stations at the southern slopes of the Himalayas, near the center of the ASMA. In particular, we
conducted two extensive monsoon-season campaigns, in 2016 in Nainital, India (29°N, 80°E) and 2017 in Dhulikhel, Nepal
(28°N, 85°E), plus one post-monsoon campaign in 2016 in Nainital. These measurements provide unprecedented insights
into the thermal structure, the distributions of water vapor, ozone and aerosols, cirrus cloud properties and interannual
variability in ASMA.
Here we provide an overview of all the data collected during our three campaign periods, with focus on the aerosol
backscatter measurements by the Compact Optical Backscatter Aerosol Detector (COBALD), developed at ETH Zürich.
COBALD is able to detect both cirrus clouds and aerosols and is used here in tandem with cryogenic frost-point
hygrometers (CFH) for accurate water vapor measurements, which allows to distinguish cirrus clouds from aerosol signal.
Numerous thin cirrus clouds were detected near the cold-point tropopause (CPT) in ASMA. These clouds show remarkably
low optical thickness, which indicates low ice crystal number densities, and suggests they are likely formed by
heterogeneous freezing. This is consistent with preliminary results from the Zürich Optical and Microphysical Model
(ZOMM), considering three types of INPs (mineral dust, meteoritic dust and glassy organics) in addition to sulfuric acid/
water liquid droplets, showing that homogeneous freezing alone yields too high backscatter values (which are inconsistent
with the COBALD measurements) whereas agreement is reached when INPs are included in the simulations.
Cloud filtering of the COBALD measurements also reveals the signature of ATAL, showing maximum backscatter at the
CPT and extending up to 1.5 km above it. Cirrus clouds were often found embedded within the ATAL, suggesting that
aerosol-cloud interactions may enhance cirrus cloud formation in ASMA. Future investigations will address this issue and
the question of which INPs are most likely responsible for the formation of the observed cirrus clouds in ASMA.
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Deposition nucleation is conventionally described as the formation of ice directly from the vapor phase, without the prior
formation of a bulk liquid water phase. However, water is capable of condensing in narrow pores and cavities well below
water saturation as predicted by the Kelvin effect. Therefore, it is difficult to rule out the possibility that condensed water in
pores is responsible for ice nucleation in conditions below water saturation (Marcolli, 2014)namely contact, condensation,
immersion and deposition nucleation. Conceptually, deposition nucleation is the only pathway that does not involve liquid
water, but occurs by direct water vapor deposition onto a surface. This study challenges this classical view by putting
forward the hypothesis that what is called deposition nucleation is in fact pore condensation and freezing (PCF. In the
atmosphere, porous particles make up the largest fraction of airborne dust and are associated with anthropogenic aerosols
like soot. As such, understanding the role of pores on ice nucleation is critical for understanding and predicting ice
formation globally.
To test the role of pores on ice nucleation, we exposed mesoporous silica with well-defined pore diameters ranging from 2.3
to 9 nm to varying temperatures and supersaturations with respect to ice in the Zurich Ice Nucleation Chamber (Stetzer et
al., 2008). The porous samples have an enhanced freezing behavior relative to nonporous samples, which is not
reconcilable with deposition nucleation occurring as a direct transition from water vapor to ice. Furthermore, particle
batches were synthesized with different concentrations of hydroxyl and trimethylsilyl groups, effectively altering the contact
angle of the particle surface with respect to water. When accounting for contact angle and pore diameter, the onset relative
humidity required for ice nucleation was consistent with the humidity predicted for pore filling and subsequent freezing.
Thus, the results indicate that pore condensation and freezing is likely the mechanism responsible for ice nucleation below
water saturation. Ultimately, rendering deposition nucleation irrelevant for atmospherically relevant porous particles like dust
and soot.
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The formation and persistence of low lying mixed-phase clouds (MPCs) in the Arctic depends on a multitude of processes,
such as surface conditions, the environmental state, air mass advection and the ambient aerosol concentration.
In this study, we focus on the relative importance of different aerosol perturbations (cloud condensation nuclei and ice
nucleating particles; CCN and INP respectively) on MPC properties in the central Arctic. To address this topic, we
performed high resolution large eddy simulations (LES) using the COSMO model and designed a case study for the
Aerosol-Cloud Coupling and Climate Interactions in the Arctic (ACCACIA) campaign in March 2013. Motivated by current
sea ice retreat, we additionally contrast the simulated MPC over open ocean versus sea ice surface.
We find that surface conditions highly impact cloud dynamics: over sea ice, a rather homogeneous, optically thin mixedphase stratus cloud forms. In contrast, the MPC over the open ocean has a stratocumulus-like cloud structure. With cumuli
feeding moisture into the stratus layer, the cloud features a higher liquid (LWC) and ice water content (IWC) and has a lifted
cloud base compared to the cloud over sea ice.
Furthermore, we analyzed the aerosol impact on these two dynamically different regimes. Perturbations in the INP
concentration increase the IWC and decrease the LWC, consistent between both regimes. The cloud microphysical
response to CCN perturbations occurs faster in the stratocumulus regime over the ocean, where an increased moisture flux
and strong updrafts lead to rapid cloud droplet activation and hence an increase in LWC following the CCN injection. In
addition, the IWC increases through increased immersion freezing at cloud top. Over sea ice, the LWC increases followed
by a distinct IWC increase. However, the response is delayed by a factor of 2 compared to the stratocumulus regime over
open ocean.
However, independent of the cloud regime and the aerosol perturbation, the cloud organizes back to its unperturbed
structure some hours after the perturbation was applied. The cloud microphysical properties return to the range of the
control simulation and any aerosol impact is efficiently buffered. Additional CCN get transported out of the boundary layer
into the capping inversion, thus constraining the ongoing droplet formation. Our results are robust across different
temperature ranges and in addition insensitive to aerosol injection time. Hence, we postulate an efficient CCN processing
and transport mechanism, preventing any long-term aerosol impact on Arctic MPC properties.
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From the lab to the atmosphere: Re-assessing the impact of Ozone and
Temperature on the CCN-activity of soot particles.
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Freshly emitted soot particles are known to be poor cloud condensation nuclei (CCN), but from atmospheric measurements
it can be deduced that a significant fraction of soot particles act as CCNs. One process which might contribute to this
discrepancy is the heterogeneous oxidation of soot particles. Soot particles have an average atmospheric lifetime of one
week during which they are exposed to different aging processes (e.g. ozone oxidation).
The investigation of such processes is an experimentally challenging task due to the long time span which should be
covered. Generally, studies are conducted in which soot is treated with high oxidant concentrations (up to 1000 x
atmospheric average). This approach reduces the observation time needed but does not consider potential non-linear
reaction kinetics (e.g. ozone with soot).
We investigated the reaction of ozone with soot particles under atmospheric conditions during a lab campaign at ETH
Zurich. With the CSTR-approach we could observe 100 nm size selected soot particle up to 16 h. The particles were
exposed to Ozone concentrations between 0 and 220 ppb at a temperature range of 5 to 35°C. We measured the CCNactivity at different super saturations between 0.3 % and 1.4 %.
We found that an increase of the ozone concentration by a factor of 10 (from 22 to 220ppb) almost halves the activation
time at 1.0 % super saturation and 25 °C. In contrast, a temperature increase from 5°C to 35°C at a constant Ozone
concentration (200 ppb) lead to a reduction of the activation time by a factor 5. Our results indicate, that the ambient
temperature should be considered as much as the ozone concentration for a reasonable assessment of the cloud formation
potential of soot particles.
According to literature, the initial reaction step is the adsorption of ozone (Langmuir-type reaction mechanism) which we
confirm by analysis of auxiliary measurements of the physical properties of the particles. Our observations show the
reaction speed being approximately proportional to concentration of ozone adsorbed on the soot surface but not to the
concentration of ozone in the gas phase. (Lelièvre 2004) After exposure of soot particles to different Ozone concentrations
the particle diameter increased by 3% and the particle mass by 20% within minutes but remained almost constant during
further exposure.
Based on our temperature experiments we calculated an activation energy of 40 kJ/mol for the time limiting step causing
CCN-activation. This value is in accordance with previous findings indicating that the conversion of physisorbed Ozone into
reactive organic intermediates might be the limiting reaction step for CCN-activation of soot particles.(Berkemeier 2016)
The combination of the concentration-dependence and the temperature-dependence creates a framework, which allows a
fast estimation of the atmospheric relevance of laboratory soot aging experiments.
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Around two thousand years ago, the Roman Empire was at its climax and spanned a considerable area of the globe. In this
study, we assess the potential regional impact of humans, which influence land cover as well as aerosol emissions, on
climate at the time. For this, we conduct several 20-year simulations using the global aerosol-climate model ECHAM-HAMSALSA. When forest is converted to crop and pasture, surface properties such as the surface albedo change. These
biogeophysical effects could lead to small regional changes in surface temperature. Two different reconstructions of
anthropogenic land cover are used. Furthermore, we estimate anthropogenic aerosol emissions from crop residue and
pasture burning as well as from fuel combustion. The impact of these emissions is assessed with ECHAM-HAM-SALSA.
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For the past two years, an optimally controlled Peltier-cooled frost point hygrometer for balloon borne water vapor
measurements in the upper troposphere and lower stratosphere (UTLS) has been under development at ETH Zürich.
Considering what was accomplished so far in dew/frost point hygrometry, lessons learnt from SnowWhite (Vömel et al.
2003), CFH (Vömel et al. 2016) and FPH (Hall et al. 2016) and new approaches to the open problems are used to
implement a more reliable water vapor measurements in the UTLS, hopefully suited as a long term solution. With the PCFH
we address the long-standing problems with the cryogenically cooled frost point hygrometers, by replacing the inconvenient
logistics of its handling and insecure perspective of future use by a plug-in solution. The Peltier element cooling range is
maximized by a careful study of its limitations, behavior and response to its environment. A good development of
SnowWhite was the replacement of the thermistor by thermocouples, more demanding but with better accuracy and
versatility. These were characterized traceable to the national standard provided by METAS, the Swiss Federal Institute of
Metrology. Further improvements are in the feedback control loop and the instrument housing, which is prone to selfpollution. In spite of the PID (proportional/ integral /derivative) control parameters tuned to different operating frost point
temperatures and updated regularly during a flight, CFH and FPH still show instabilities that were only being addressed by
a statistical treatment. Substantial progress is expected from introducing a Linear Quadratic Regulator scheme as state of
the art optimal control method. Reduction of self-contamination interferences and improved data quality checks are also
expected by designing a double instrument – with two independent sensor heads and inlets and optimization of the inlet
tubes.
First flights were performed in July 2018. The results lead to fundamental changes of the instrument design, such as
replacing the double stage Peltier element with a single stage to improve the performance under higher thermal load
conditions on the cold side and to redesign the thermocouple for air temperature measurement. However, much was learn
in term of instrument behaviour which allowed to further the instrument modelling efforts and derive a control scheme based
on optimal control. The changes and further developments will be tested in second flights in November 2018 in Lindenberg
Germany and the results first shown in the Swiss Geoscience meeting in Bern.
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Figure 1. “2018-0725-02UT_LI_PCFH001” PCFH first flight in 25-07-2018 in Lindenberg Germany. Air temperature meausrement from
RS41 in red and frost point temperature measurement from CFH in black. First panel: PCFH sub-unit 1 with “Peltier Identification”
experiment, mirror temperature on the cold side of the peltier element in green and Peltier element hot side temperature in cyan. Second
panel: PCFH sub-unit 2 with “Ice Reflectance to Frost point Temperature Difference” experiment, mirror temperature on the cold side of the
peltier element in blue and Peltier element hot side temperature in cyan.
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Soot influences the Earth’s radiation budget by directly absorbing solar radiation. At the same time, soot particles can
contribute to cloud formation by nucleating ice crystals or activating into cloud droplets, thus affecting climate through socalled aerosol-cloud interactions. A quantitative understanding of the aerosol-cloud interactions of soot particles, especially
their potential to form cirrus clouds, remains a key factor to reduce the uncertainties in the estimates of the net radiative
forcing (RF) of black carbon (Bond et al. 2013). The ability of soot particles to form ice crystals depends on the particle
morphology and composition. Less emphasis has been placed on morphology in the past. Therefore, it is important to
quantify the morphological properties of soot particles and understand processes that change this morphology.
Here we test the ice nucleation ability of soot generated from a propane flame Combustion Aerosol Standard Generator
(miniCAST, JING AG), using the Horizontal Ice Nucleation Chamber (HINC, Lacher et al. (2017); Mahrt et al. (2018)), a
Continuous Flow Diffusion Chamber. We tested the ice nucleation ability on mobility size-selected aerosol in the cirrus
regime over a temperature range from 233 K to 218 K. The heterogeneous freezing ability of soot at low temperatures is
especially important, as aircraft emissions are a direct source of combustion particles in the upper troposphere, where
cirrus temperatures prevail. In parallel, we investigate soot particle morphology and how it changes as the soot particles
form ice crystals, presenting a systematic investigation of the particle morphology derived from Transmission Electron
Microscopy (TEM) images probed before and after the ice nucleation cycle within HINC. Finally, we demonstrate how the
ice nucleation abilities of the soot particles change in subsequent cloud formation cycles. We attribute the change in ice
nucleation ability to morphological changes of the soot particles upon ice crystal formation in an initial cloud cycle, a
phenomenon known as pre-activation (D’ Albe 1949; Marcolli 2016).
Our ice nucleation experiments reveal little heterogeneous freezing of the unprocessed propane soot particles. In the first
cloud formation cycle we observe ice formation on 400 nm soot particles to take place close to homogeneous freezing
conditions across all temperatures tested. However, our TEM results reveal a compaction of the soot particles upon ice
nucleation. When the compacted soot particles are re-exposed to a second ice nucleation cycle within HINC, their ice
formation ability is significantly altered. Ice processed soot particles show an enhanced ice formation ability with ice
formation onset being lowered by as much as 10% relative humidity with respect to water (16% with respect to ice),
depending on the temperature investigated in HINC. We discuss our results in context of cloud processing being
responsible for the increased ice nucleation ability of the soot particles.
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Mixed-phase clouds (MPCs) are composed of both supercooled liquid droplets and ice crystals. They are
thermodynamically instable as a result of the lower saturation vapor pressure over ice as compared to liquid water. A key
reason to understand the complex microphysical processes in MPCs is to accurately represent different hydrometeor types
and the corresponding phase partitioning of water. Phase discrimination, quantification of hydrometeor type and
determination of their size distribution is essential for many processes including cloud lifetime and radiative properties as
well as precipitation formation.
Precipitation formation in turn is mainly initiated through the ice phase (Mülmenstädt, Sourdeval et al. 2015, Tan, Storelvmo
et al. 2016) highlighting the need for ice nucleation studies encompassing hydrometeor phase discrimination.
Laboratory studies investigating formation of primary ice crystals under MPC conditions include the use of Continuous Flow
Diffusion Chamber (CFDC) experiments. Many CFDC studies use conventional optical particle counters, where particle
phase is solely inferred from optical particle size.
Here, we present a new instrument, the high-speed Particle Phase Discriminator (PPD-HS), developed at the University of
Hertfordshire and designed to determine the phase of cloud particles. We present in-depth analysis of instrumental
performance and verify its applicability to CFDC experiments when operated as a particle detector at thermodynamic
conditions relevant for MPCs.
PPD-HS records near-forward spatial intensity distributions along two vertically oriented CMOS (Complementary MetalOxide-Semiconductor) arrays, aligned with the optical axis of light scattered by individual particles. The unique aspect of
PPD-HS compared to its predecessors (Vochezer, Järvinen et al. 2016) is the reduction of the memory bandwidth by only
recording one-dimensional slices of the scattered light pattern. This significantly improves its sampling rate, allowing for
detection of more than 1200 particles per second, making it suitable for laboratory applications.
The intensity of scattered light is primarily a function of particle size and shape as well as polarization and wavelength of
the light source (Hirst and Kaye 1996). We show that even the reduced intensity profiles encompass enough information on
particle morphology to discriminate particles as either spherical cloud droplets or aspherical ice crystals. This is achieved
through symmetry analysis of the recorded scattering pattern, which are based on formal measures, that have been
carefully developed within the framework of this project. We quantify the phase discrimination capabilities of PPD-HS
through a series of benchmark experiments. We therefore use a variety of monodisperse particle populations with wellcontrolled shape and size, ranging from 1 to 15 μm. This is a common size range of particles generated within CFDCs.
Our results show that PPD-HS successfully discriminates particle phase with a maximum misclassification ratio below 11%.
Initial experiments reveal that incorporating PPD-HS into a CFDC setup extends the thermodynamic range in which particle
phase can be reliably determined as compared to using regular optical particle counters.
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Free troposphere wintertime gas-phase composition using CI-APi-TOF
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Atmospheric aerosols influence radiative forcing through direct interaction with radiation and by acting as cloud
condensation nuclei. Up to 45% of cloud condensation nuclei (CCN) are not directly emitted in the atmosphere but formed
via new particle formation (NPF), with a large fraction formed in the free troposphere (FT). While in the planetary boundary
layer (PBL), new particle formation events have been frequently observed in different scenarios: pristine, urban, rural and
coastal areas, measurements at high altitude because of intrinsic technical difficulties are very scattered. Therefore NPF in
free troposphere is often modelled only on sulphuric acid concentration, relative humidity and temperature.
The CLOUD (Cosmics Leaving Outdoor Droplets) experiment has already showed how ammonia, amines and oxidized
organics interact in synergy with sulfuric acid in so called ternary nucleation processes (Almeida et al., 2013; Kirkby et al.,
2011; Riccobono et al., 2014). Further CLOUD experiments observed NPF driven by highly oxygenated molecules (HOMs)
from terpenes ozonolysis in absence of sulfuric acid (Kirkby et al., 2016). Pure biogenic NPF is expected to be important
especially in the preindustrial atmosphere and in defining the climate sensitivity through albedo change (Gordon et al.,
2016).
The high-altitude research station Jungfraujoch (JFJ), Switzerland (3580 m above sea level) is a research site in the Swiss
Alps and is in the FT for a substantial fraction of the time (especially in winter). Compared to other high-altitude stations, it
is easy to access, which makes it a unique site for atmospheric observations. NPF events often occurs at Jungfraujoch
(Tröstl et al., 2016) and it has been shown that they involve either sulphuric acid-ammonia or HOMs (Bianchi et al., 2016).
Nitrate chemical ionization atmospheric pressure interface time of flight mass spectrometer (CI-APi-TOF) has been shown
to be very selective in detecting gas phase sulfuric acid and HOMs at extremely low concentration (ppq) (Ehn et al., 2014).
Here we present the results for 2 winter periods: January – March 2013 and February – March 2014 where the CI-APi-TOF
was part of 2 intensive campaigns NUCLACE 2013 and NUCLACE 2014. We describe the chemistry and the oxidation
processes linked to NPF episodes. A special focus is given to sulphur containing species, halogens and HOMs as well as
their temporal variability. Positive Matrix Factorization is applied to reduce a complex mass spectrographic dataset in a few
significant profiles that are changing in the time domain. This is resulting in a rich scenario where HOMs from biogenic and
anthropogenic precursor are identified and produced via different oxidation paths and eventually participate in NPF. The
result is that the FT is a highly dynamic environment where hundreds of organic species are transported and transformed.
This work was supported by the Swiss National Science Foundation (20020_152907/1).
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Organic Carbon (OC) and Elemental Carbon (EC) measurements in PM10 and rainwater were carried out to study their wet
scavenging from atmosphere over Delhi, India. The sampling procedure involved a simultaneous collection of PM10 and
rainwater at Jawaharlal Nehru University (JNU) site during monsoon and Non-monsoon season during 2016-2017. The
PM10 samples were collected Before Rain (BR), During Rain (DR) and After Rain (AR) events, while rainwater samples
were collected on the event basis. The average level of OC was always found to be higher as compared to the average EC
into the atmosphere. It was observed that the OC amount was significantly removed from the atmosphere as compared to
EC. However, their removal percentage through rain was almost similar i.e. 29.9% for OC and 29.4% for EC aerosols. The
Scavenging Ratios (SRs) for OC and EC were also determined to analyze their relationship with rain intensity. The SRs of
EC were significantly higher during non-monsoon as compared to monsoon season. Such characteristics can be explained
by on the particles size, source and the hygroscopicity of both types of carbonaceous aerosols.
Bullet lists: Organic Carbon, Elemental Carbon, Scavenging Ratio, Rain Intensity.

Figure 1. Mean of OC and EC levels during Monsoon (M) and Non-Monsoon (NM) season
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Fig. 2. Relationship between scavenging ratio of carbonaceous aerosols (OC and EC) and rain intensity
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A quantitative understanding of the aerosol-cloud interactions of soot particles, especially their ability to form ice, remains a
key factor to reduce the uncertainties in the estimates of the net radiative forcing of black carbon (Bond et al. 2013).
However, previous studies have revealed significant spread, when reporting the ice nucleation ability of soot. This is partly
caused by the diverse physico-chemical properties associated with morphologically complex soot aggregates.
These varying results are the primary motivation of this study, which aims to better understand the ice nucleation behavior
and mechanism of soot particles in relation to the particle properties. In this study, we present a systematic laboratorybased investigation of the ice nucleation behavior of different soot types. Various commercial soot samples are used,
including an amorphous industrial black carbon, a fullerene soot, and Lamp Black carbon. In addition, soot generated from
a propane flame Combustion Aerosol Standard Generator (miniCAST, JING AG), is investigated. Such soot has previously
been used for ice nucleation studies and is frequently taken as proxy for atmospheric soot particles (e.g. Crawford et al.
2011).
We tested the ice nucleation ability of the above soot samples on DMA (Differential Mobility Analyzer) size-selected aerosol
over a temperature range from 253 K to 218 K, covering both the mixed-phase and cirrus cloud regime. The heterogeneous
freezing ability of soot at low temperatures is especially important, as aircraft emissions are a direct source of combustion
particles in the upper troposphere, where cirrus temperatures prevail.
The ice nucleation ability of soot is probed using the Horizontal Ice Nucleation Chamber (HINC, Lacher et al. (2017)), a
Continuous Flow Diffusion Chamber. A suite of auxiliary measurements complements ice nucleation observations to
characterize the physio-chemical properties of the tested aerosol particles that ultimately aid in determining their ice
nucleation behaviour: Thermogravimetric Analysis (TGA) was performed over a temperature range between 0 to 1000 °C to
estimate the proportion of volatile components associated with the different soot types. Nitrogen adsorption following the
BET-method (Brunauer et al. 1938) was conducted to obtain specific surface area. Water adsorption isotherms of the soot
particles are also collected to allow assessment of the hydrophilicity and the porosity of the samples. Size and aggregate
morphology are investigated by a dedicated set of coupled DMA – CPMA (Centrifugal Particle Mass Analyzer) experiments
to determine fractal dimension of the soot particles. Finally, Transmission Electron Microscopy studies, performed on size
selected particles, using the Zurich Electron Microscopy Impactor, complement our aerosol characterization.
Our results reveal droplet activation for all soot types at RHw > 100% at temperatures above 233 K with absence of any
heterogeneous freezing. However, in the cirrus cloud regime, some soot types show significant heterogeneous freezing,
depending on the aerosol size. These soot types are associated with relatively high porosity and water affinity, whereas
those soot types with poor ice nucleation ability show considerably reduced water adsorption characteristics. We discuss
our result in context of a pore condensation and freezing type ice nucleation mechanism (Marcolli 2014) being responsible
for the observed ice nucleation ability of the soot particles.
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