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Motivation: Particle Size Magnifier (PSM)

 The PSM detects particles from charged Silver- and Tungsten oxide with diameters down
to ~1 nm with high sensitivity Vanhanen et al., AS&T, 2011

But what about particles formed from highly oxygenated molecules (HOMs)?

* Previous studies suggest a higher cutoff size for organic particles compared to particles from salts or
tungsten oxides Kangasluoma et al., AMT, 2014 and JoAS, 2015

» During CLOUD experiments with

beta-Caryophyllene (C .H,,) ozonolysis
we observed that the signal of particles,
activated only at high saturator flow
depended linearly on

summed HOM dimer concentration
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PSM signal 0.099 to 0.2
PSM signal 0.2 to 0.5
PSM signal 0.5 to 0.9
PSM signal 0.9 to 1.2
PSM signal 1.2 to 1.25
PSM signal 1.25 to 1.3
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« HOM dimers are formed from peroxy radicals
(RO,) by self and cross reaction following
RO, + R‘O, -~ ROOR' + O,

Berndt et al., Angew. Chem. Int. Ed., 2018 | |  led

bg-corrected and summed dimer signal from NO;” CIMS [cm™]
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PSM signal for diff. sat. flows, T, = 78°C
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Experimental Setup

Reagents: alpha-Pinene (C ), beta-Caryophyllene (C H_ ), Ozone (O,)

10H16
Reaction Environment: Innsbruck continuous flow tube reactor of 9 sec. reaction time with
negligible wall contacts.
The terpenes are mixed into the center of the laminar O_-carrying main air flow by four
Impinging air jets, that create localized turbulence.

Terpene in SilcoCan

UV lamp
NH, -CIMS I .
: dry
PSM 8 IO:irre
with CPC 2 Humidifier
E | terpene in air flow
\m/
oo Z Terpene
monitor
Flow b
Birte Ozone MonitorreaCtor IES,%L‘/*&QIHI\;I‘; Hansel et al.,
Atmos. Env., 2018

© Authors. All rights reserved



Detecting HOM dimers with the PSM
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p-Caryophyllene (bCP):
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total PSM Signal
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ao-Pinene (aP): (1.2 -14)x10" molecules cm? o wm

—— y = 0.00752%x
Ozone: (5 - 42) x10" molecules cm? L0 ' //

The relationship between HOM dimers
and the PSM signal is linear!

> The PSM detects bCP HOM dimers
(C
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sensitivity . y o

> aP HOM dimers (C,, , H,, ,,0 . ,)are
still detected but with very low sensitivity

total PSM Signal
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Effect of Size, Oxygen number and Volatility
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Effect of oxidation with OH

* Propane is used as an OH scavenger in some experiments to study, if the structural
differences between dimers formed from OH or Ozone initiated reactions matter to
their detection by the PSM

* The signal decrease of

summed dimers from the _ I T
NH,*-CIMS and the —r— T A e
PSM is comparable [ f e
%‘ i (0]
e From this experiment no é 10° Tsat=78 Tsat =80
@

significant effect of the
structural differences on
the detection efficiency _

can be found _ == 8

summed dimers from NH,” CIMS
are shown with green median

Propane off Propane on Propane off Propane on
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HOM Dimers in the PSM‘s calibration curve
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1. Calibration of the PSM at high HOM concentrations
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carrier gas
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Humidity dependence of PSM detection of HOM dimers
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Summary
I

« The PSM can detect HOM dimers of both alpha Pinene (C O)

and beta-Caryophyllene (C

19-20 28 32

28-30 44 48 m)

 For HOM dimers from beta-Caryophyllene the detection efficiency is in the range
of tens of percent up to 100%, depending on the PSM settings and humidity

» Detection of HOM dimers as well as of small organic ,particles” is very humidity
and saturation temperature dependent

* OH scavenging didn‘t affect the PSM detection efficiency, when including all HOM
dimers

Thank you for your interest!
e

* Please feel free to chat to me in the session AS3.1,
Tuesday, 05 May 2020, 10:45-12:30

| am happy for any questions and feedback - Wiebke
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