Responses to Reviewer #1 - “Online molecular characterisation of organic
aerosols in an atmospheric chamber using Extractive Electrospray Ionisation
Mass Spectrometry” by P.J. Gallimore et al.

Reviewer comments are in blue text, author responses are in black text.

This is an interesting manuscript describing the efficacy of extractive electrospray ionization
mass spectrometry (EESI-MS) as an online measurement technique for atmospheric chamber
studies. They have used multiple online (EESI-MS and PTR-MS) and offline (ESI-MS)
techniques to study the oxidation of a-pinene in the CASC chamber. They have shown that
EESI-MS can be used to study SOA formed during chamber studies in almost real time (7-
minute time resolution). The fact that EESI-MS is a soft ionization technique, it makes it more
advantageous over the regular offline ESI-MS studies for chamber studies. They also compared
MCM model results to EESI-MS and PTR-MS results, which showed very good correlations;
it shows the potential of EESI-MS as an online measurement tool for chamber studies.

We thank the reviewer for the positive appraisal of the manuscript and respond point-
by-point to the comments below.

General Comments - Introduction lacks the details of other online measurement techniques
(like AMS, and DART-MS) used for a-pinene oxidation products, their findings and its
comparison to EESI-MS.

We have added some references which use AMS for alpha-pinene SOA (page 2 lines 15-
17): “A great deal of insight into SOA formation and aging from monoterpenes has been
provided by established instruments such as the Aerosol Mass Spectrometer (Aiken et
al., 2008; Chhabra et al., 2010; Shilling et al., 2009).”

We could not find specific uses of DART-MS for alpha-pinene SOA but have added
references to Nah et al.; (2013) and Zhao et al., (2017) as examples of the useful general
insight provided by the technique (page 2 lines 30-31).

- More details about MCM model should be given in the SI in terms of reactions involved in the
mechanism. So other laboratory trying to duplicate the work can do so easily.

We have included an additional section in the Supplement (page 4):
“Reaction scheme for MCM simulations

The reaction scheme for the degradation of a-pinene is based on the mechanism
described in Saunders et al., (2003). All reactions involving the ozone-initiated oxidation
of a-pinene and its products, including decomposition of reaction intermediates and
secondary OH-mediated chemistry, were extracted from the MCM website
(http://mcm.leeds.ac.uk/MCM) in June 2017. This mechanism extract comprises 313
explicit species.

We also included an auxiliary reaction to approximate the gradual introduction of ozone
into the chamber (reaction S2):



pre-Os (g) > Os (g) kepre (S2)

Pre-O; does not participate in any other reactions, and is converted into Os on a
timescale Tpre = 1/kpre = 3-30 minutes, adjusted to reflect the experimental timescale for
ozone introduction for each experiment.

The simulations were initialised with all species concentrations set to zero, apart from:
a-pinene (MCM name APINENE), which was set to 45, 100 and 500 ppb for the low,
medium and high concentration experiments respectively, and pre-Os; (PREO3) which
was adjusted to simulate the observed [Os]max in each experiment (Table 1).”

- All the figures on Oxidation states of carbon against carbon number must include legends
what size of the marker represents what intensity. They also should add the correct marker sizes
in the inset of each figure, and if that is difficult, it should be included in SI then.

We have adapted Figures 3 and 4 to include a scale relating intensity to marker size,
using a binned intensity scale for simplicity. This now also includes the inset regions.
The figure captions have been updated accordingly (page 15 lines 3-5 and page 21 lines
1-3).

- EESI-MS studies of organic-inorganic particles: why was the study not performed on a
compound that is more relevant to this study, for example, pinic acid?

We have added the following discussion (page 10, lines 25-28): “Tartaric acid is a highly
oxygenated compound which is a relevant proxy for species present in aged organic
aerosols. Its high water solubility and negligible volatility allow mixed TA-AS particles
with precisely known composition to be prepared from solution.”

As noted on page 11 line 7, The use of TA also enables direct comparison with previous
quantification work performed in Gallimore and Kalberer (2013).

- Although acids have higher sensitivity in negative ion mode, the inorganic salt has NH4+
ions in them, thus positive ion mode would show [M+H]+ and [M+NH4]+ ions for tartaric
acid. Assuming all other parameters constant, the ratio of [M+H]+ to [M+NH4]+ should
match the mole fraction of the tartaric acid and ammonium sulfate in the atomized solvent.
This would be much better way of quantitation than just looking at the acid signal in negative
ton mode. I would strongly suggest repeating this particular experiment in positive ion mode.

We thank the reviewer for this thoughtful suggestion. However, we feel that
quantification in positive ion mode is out of the scope of the current paper given that the
subsequent emphasis on quantification uses negative ion mode (online/offline
comparison, time series analysis). Instead, it would be better suited to an entire
additional study.

It is not clear to us that [M+H]*/[M+NH,]* would necessarily scale in a simple manner.
This will depend on competitive ionisation processes — the relative affinities of the
analyte for H* and NH,*, competition from contaminant Na*, and the absolute number
of ions in the primary spray. We suspect the latter is far in excess of the number of
analyte molecules extracted given that the relative quantification presented in Figure 2



and in Gallimore and Kalberer (2013) does not appear to “saturate” at higher mass
loadings.

We have added a sentence to emphasise the purpose of section 3.1 (page 10 lines 21-23):
“Specifically, we establish the potential impact of inorganic seed particles on the relative
quantification of organic acids (detected as [M-H]") in the chamber experiments which
follow.”

Specific comment: Page 1, line 30 Low visibility can also be added as an impact.
We now mention this as an impact (page 2 line 3).

Page 2 Line 13, The line is talking about sofi-ionization in general, however, the reference
(Zahardis et al) is not appropriate here. The reference does talk about soft ionization
techniques, but the paper is a review of soft ionization techniques for AMS instrument
specifically. AMS is mostly used for online studies and not off line measurements. Since the
sentence for this reference is used for very generic off-line soft ionization MS techniques, the
reference is not valid here.

We have replaced the Zahardis et al. reference with Hoffmann et al., (2011) (page 2 line
19), which features a discussion of soft ionisation MS techniques in the wider context of
organic aerosol analysis.

Page 2 Line 17 Once again the paragraph is talking about general ESI-MS utility in

atmospheric studies. The time resolution for ESI-MS is not hours, not for all kind of studies.

However, it will be hours for chamber studies, if authors are refereeing to retention times of
hours with respect to chamber studies it should be specified.

We have added clarification to our previous comments about time resolution (page 2
lines 23-25): “...the time resolution of measurements depends on the frequency at
which aerosol samples are collected, which is typically an hour or more for chamber and
ambient sampling.”

Page 3 line 1 Gallimore reference should be 2017a Also, this particular reference is not
published yet, thus the conclusion of this study cannot be used as the basis of claiming that
EESI-MS can be used for relative quantitation.

The reference has now been published; the full citation is given in the References section
and is referred to as Gallimore et al., (2017a) in the text (page 3, line 10), consistent with
the rest of the manuscript.

Page 4 Line 22 Authors can probably use particle size distributions of Tartaric acid (TA) and
Ammonium Sulfate particles to confirm that they are truly internally mixed. If these particles
are not internally mixed they probably will show a bimodal distribution. It should be checked
for all mole fractions studied, it is possible that higher concentration of ammonium sulfate will
lead to a bimodal distribution.



Thank you for this insight. We have added (page 4, lines 27-28): “A single mode was
observed in the particle size distribution for all nebuliser solutions; particles were
therefore assumed to be internally mixed...”

Page 6 Line 10 Was the ESI solvent prepared 1:1 by volume or by weight. Solvent flow rate
should also be provided.

We now mention (page 6, line 21): “...a water-methanol 1:1 mixture by volume...” and
1

state (page 6, lines 23-24): “The solvent flow rate was set to 10 pL min™.

Page 6 line 13-14 Authors just described ESI solvent and voltage details previous to these lines.
Thus it is really ESI description, not an EESI-MS description. I would suggest adding line 16-
19 that describes the particle flow rate to solvent spray before line 13-14.

We have moved the particle flow discussion above the first mention of EESI(+) and
EESI(-) operating conditions (page 6, line 26).

Figure 1 Should show the position of three-way valve.

Figure 1 has been updated accordingly (page 7), and also now includes the optional
HEPA filter discussed in response to Reviewer 2.

Page 7 line 6-8 These lines are confusing. Do the authors mean the following? “Air was then
pushed through the reservoir and into the EESI source at 1 L min-1 and a sample spectrum was
acquired.” If yes, it should be corrected. If No, more clarification of the set-up is required.

We have corrected “flow tube” to “reservoir” as suggested (page 7 line 14).

Page 7 line 23 Was formic acid added to the final extract before nano-ESI? If so, details should
be added.

We now mention (page 8, lines 5-6): “...and 0.1 % by volume formic acid was added to
the extract”

Page 7 line 25 Is 1.4kV potential difference correct? Because for EESI it is 3kV. Why the
difference for the same solvent configuration.

This potential difference is correct. The lower solvent low rates used in nanoESI are
commonly paired with lower potential differences compared to conventional ESI. We
have not updated the text.

Page 9 line 1 Reference and explanation should be provided for the rate constant assumption.

We have added the following sentence (page 9, lines 24-26): “Exothermic proton
transfer reactions occur at a rate close to the collision limit (Blake et al., 2009) and
known rate constants for a variety of VOCs are within 50 % of this value (Smith and
Spanel, 2005).”

Page 9 line 18 References should be provided for which previous studies were used to identify the
major aerosol composition.



We now refer to “previous studies referenced in Table 2” (page 10 lines 12-13) which
provides a summary of major products considered in this manuscript.

Page 10 figure 1 Y axis should be adjusted to show the complete error bar of the first purple
triangle marker at a mole fraction of 0.5. Why that particular point has so much error should
be explained in the text as well.

The y-axis of Figure 2 has now been rescaled accordingly (page 11). The absolute error
on this marker is low, but, following background subtraction, appears large because the
data are presented on a log scale. We have not changed the text.

Table 2 Once again why wasn’t [M+/NH4]+ seen in positive ion mode?

We have added the following discussion (page 8, lines 20-29): “This removes formulae
which fall outside a 2 ppm mass tolerance and those deemed implausible based on their
atomic ratios. By strictly limiting permitted elements, we reduce the number of
erroneous permutations of formulae that coincide with the measured 7/z. Based on the
oxygenated VOCs expected for a-pinene SOA (Table 2), we retained assignments
containing only carbon, hydrogen and oxygen, and permitted sodium adduct formation
in positive ion mode. Nitrogen-containing compounds are not expected to form via
ozonolysis, but we note that this treatment excludes possible [M + NH4]* adducts
derived from the ammonium sulfate seed particles. However, in the raw data, such
clusters were not apparent for major positive mode species such as pinonaldehyde.”

As discussed above in reply to general comment #5, we speculate that this is a
consequence of the apparent large excess of primary electrospray ions (favouring H* and
Na*) relative to organic and ammonium analytes.

Page 13 line 1 The presence of [M+H-HZ2O]+ peak in Doezema et al studies can be explained
in many ways, different instrument parameters for the two studies, different inlet, and mass
analyzer voltages etc. Higher capillary Voltage used in that study could simply be due to the
combination of solvent composition, solvent flow rate and capillary diameter required to get a
good Taylor cone. Authors can only compare the capillary voltage if all other parameters are
equal.

We agree that the other parameters mentioned by the reviewer may also be important
and have deleted the specific reference to voltage. The revised sentence now reads (page
14, lines 1-3): “This suggests that the choice of EESI parameters may be an important
determinant of fragmentation.”

Page 16 I would suggest moving figure S5 to the main text.

We have included this as Figure 5 in the main text (page 17) and deleted it from the
Supplement. Later figures have been renamed accordingly.

Page 16 line 14-16 If more oxidized species are present in the particle than it could possibly
suggest that EESI-MS solvent is extracting some surface of the particle only rather than the
entire particle as assumed in Gallimore et al 2013 and I am assuming for this study too. Many
studies on oxidation of monoterpenes (Zhao et al 2016 ACP, 16, 3245; Davis et al 2015,



Chem.Sci. 6, 7020; Zhao et al 2017, AMT, 10, 1373 ; Trostl et al Nature 2016, 533, 527~
531) have suggested that low molecular weight compounds with high Oxidation state are present
in the core of the particle and are responsible for new particle formation. Whereas, low
molecular weight compounds with low Oxidation state are responsible for the growth of the
particle and are usually present on the surface of the particle. Thus the lack of peaks at high
my/% in EESI-MS (Figure S5) suggests that the solvent is extracting the surface of the particle
only or at least not the entire particle. Collected particles on the filter analyzed by ESI-MS
show many peaks at higher m/z, suggesting ESI is able to sample entire particle, which is
expected. But, if the presence of peaks at higher m/% in ESI-MS is due to oligomers (eg 2M+H
of pinonaldehyde) than it should be confirmed using MS/MS studies. Identifying the source of
these higher m/% peaks in ESI-MS is important to identifying and understand EESI-MS
extraction efficiency.

It has been shown that other MS techniques such as Direct Analysis in Real Time
(DART) only analyse an outer portion of particles (Nah et al., 2013). However, our tests
on EESI-MS; both here (Figure 2) and previously in Gallimore and Kalberer (2013),
show the MS signal scales with total particle mass, independent of particle size for the
range tested. While the EESI ionisation process is not yet fully understood (Law et al.,
2010), we believe aerosol components in the core of particles are at least available for
extraction and ionisation under these conditions. Further work is required to establish
at what particle size and/or total mass this linearity may break down.

Higher m/z ions were identified using both ESI-MS and EESI-MS analyses here (see
Figure 4 and the new Figure 5). Many have been positively identified as in-particle
oligomers (rather than ionisation artefacts) in previous studies (e.g. (Kristensen et al.,
2013)). As discussed (page 18, lines 1-3), our hypothesis is that the larger number seen
in the offline analysis is a concentration/sensitivity effect. We should also point out that
offline ESI-MS is known to suffer from positive and negative sampling artefacts, and
competitive ionisation effects. It therefore does not necessarily provide a definitive point
of comparison for the true “bulk” composition.

We have added an additional sentence (page 18, lines 9-11): “Horan et al., (2012) found
that the relative abundance of oligomers was also higher in filter samples than their
online AESI method, which was attributed to a negative filter sampling artefact -
evaporation of semi-volatile material (predominantly monomers) during collection.”
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