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1 Scope

The following supplementary material outlined in this document is provided to de-
scribe the revised calibration procedure for the Aerosol Mass Spectrometer, as well as
incidental figures that support the main paper.

2 AMS calibration procedure

A problem was identified with the calibrations of the Aerosol Mass Spectrometer
(AMS) used on board the FAAM research aircraft. The issue arose from a software
bug from a custom built Differential Mobility Analyser (DMA) set-up, which lead to
the incorrect conversion of the raw data to absolute mass. This includes the RONOCO
campaign, so a description of the correction is presented here.

A method for correcting the data has been formulated and this has been validated
internally and shows consistency with the datasets that are unaffected by this problem.
The size of the correction varies on a flight by flight basis. Described below is the detail
of the correction.

The calibration is applied equally to all chemical species, so relative fractions or
concentrations remain unchanged. As far as this manuscript is concerned, the cor-
rection only affects the absolute mass concentrations presented in Fig. 3 of the main
manuscript and the calculation of water-to-nitrate and chloride-to-nitrate ratios for the
Bertram and Thornton parameterisation. Given the agreement between the standard
and alternative method of calibrating the AMS, the typical uncertainty assumed for the
absolute mass concentrations is unchanged.

2.1 Background

The AMS requires several calibrations to convert the measured signal into mass. One
of these calibrations determines the Ionization Efficiency (IE), which is the number of
ions detected per molecule sampled. A full description of the calibration methodologies
can be found in Jimenez et al. (2003) and Alfarra et al. (2004), which details how
a calibration standard is converted to the IE. In brief, particles of a known size and
chemical composition are generated and sampled by the AMS. These are normally dry,
350nm ammonium nitrate particles. The particles are size selected using a mobility
based instrument, such as a Scanning Mobility Particle Sizer (SMPS). The validity of
this method relies on the ability to accurately pre-size the particles with instruments
such as the SMPS. It was found that for certain flights the flow rates in the SMPS were
not set correctly and this led to a mis-sizing of the particles and the incorrect calculation
of the IE. A new method to determine the particle size from the AMS data was devised.

2.2 Sizing using pToF mode data

Due to the bug in the DMA control software, the particles being delivered during cal-
ibration were of an unspecified and unknown size. The pressure-dependent size cal-
ibration method of Crosier et al. (2007) (following from Bahreini et al. (2003)) was
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Figure S1: Original and recalculated IE using the Brute Force Single Particle (BSFP)
method to determine D,, and flow rate from each calibration.

invoked to estimate the sizes based on particle Time-of-Flight (pToF) arrival times and
measured inlet pressure, using the most recent calibration parameters available. The
use of the pressure-dependent calibration accounted for changes in pinhole throughput
(due to blockages and changes in temperature and pressure) and gave a more consistent
IE/AB diagnostic than using the fixed-pressure calibration of Jimenez et al. (2003).

The median arrival time for each calibration was calculated and then in turn used
to calculate the size of the aerosol measured by the AMS, D,, (vacuum aerodynamic
diameter). This diameter is then converted to a mobility diameter, D,,, which is then
used to calculate the IE. The mobility diameter was the diameter that was incorrectly
reported due of the software bug.

2.3 Validation and results

To validate this approach, data from a campaign which was unaffected by the software
bug was used. The re-calculated D,, and IE based on the method described above, were
compared with the values used in the original analysis based on a D,, of 350nm from
a working SMPS. The results are shown in figure S1 below and data summarised in
Table S1.

The comparison of methodologies from a campaign unaffected by the mis-sizing
yields an average IE ratio of 0.98. Therefore, the approach of using the arrival time of
calibration particles in pTOF mode and a valid pressure dependent size calibration can
be used in situations where the size of the calibration particles is unknown.



Table S1: Calculated values of IE and D,, from the original analysis and the alternative
method.

Variable Original pTOF (Recalculated)
D,, (nm) 350 351.8 £9.79
1IE 4.41e-13 £ 5.30e-14  4.34e-13 £+ 4.94e-14

3 Box-model

As described in the main manuscript, an aerosol chemical box model (Lowe et al.,
2009) was used to explore the validity of the steady-state assumption in these con-
ditions. Fig. S2 shows the evolution of the N»O5:NOj ratio based on the expected
ratio if the reaction is in equilibrium (K.,[NO;]) and based on the calculated NO3 and
N,Os5 mixing ratios in the box model. Once emissions in the model have ceased and
the sun has set, the two converge approximately 1 hour after sunset (around 2100L
or 2000UTC), indicating that the system is in near-equilibrium and the steady-state
assumption is valid. Consequently, we assume that when we sampled away from emis-
sion sources and it is an hour past sun set, the air parcels sampled by the aircraft are
suitable for the steady-state analysis. See the main manuscript for further discussion.
Fig. S2 also includes a comparison between the measured [N,Os5]/[NO3] ratio and
when the ratio is calculated from K,,(T) x NO,. Overall, the agreement is good with
a slope of 0.94 between the measured and calculated ratios but there are some outliers.

4 Meteorological overview

A variety of air mass types were encountered during the two weeks of flying during
the July RONOCO period, with the key synoptic meteorological features highlighted
in Fig. S3 for reference. The beginning of the campaign was characterised by zonal
flow from the west and relatively cooler temperatures and elevated wind speeds. From
20 July onwards, high pressure built over the UK region with the development of an
anti-cyclonic system. This brought warmer air from continental Europe, particularly
in the south-east of the UK and relatively low wind speeds. After this, a succession
of frontal systems and associated precipitation passed over the UK, which reduced
pollution concentrations. The end of the campaign saw north-westerly air flow across
the UK due to the presence of a low pressure system over Scandanavia to the east
of the UK and a high pressure system to the south-east. Temperatures were again
cooler, although wind speeds remained relatively low compared to the beginning of the
campaign.
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Figure S2: Top: Comparison between the evolution of the N,O5 and NOj ratio, assum-
ing equilibrium (K,4[NO>]) and the modelled ratio based on aerosol box model simu-
lations. Bottom: Comparison bewteen the measured and calculated [N;O5]/[NO3] for
the steady-state analysis case studies.
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Figure S3: Meteorological summary for the July 2010 flying period. The contours rep-
resent the 850hPa geopotential height fields, while the colours are the ambient temper-
ature at 850hPa. Panel (a) B535 - 18/07/10, (b) B537 - 21/07/10, (c) B538 - 23/07/10
and (d) B542 - 30/07/10. All panels are from 00:00 UTC.
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Figure S4: Time series of gas and particle phase measurements for flight B535. The
altitude of the aircraft is also shown in the top panel. The grey shaded areas outline the
periods used in the steady-state analysis.

5 Data Selection

Periods when the aircraft was conducting Straight and Level Runs (SLRs) were used
for the N,Os uptake analysis. These SLRs are typically 5-20 minutes long and this
relatively short duration typically means that the pollution conditions are relatively
homogeneous i.e. fairly constant aerosol concentrations and composition. An example
of the periods selected for flight B535 is shown in Fig. S4.
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