Replies to Referee 2’s comments.

We thank the Referee for the very through review. Below we copy his/her comments (in italics) and provide
point-by-point replies.

General Comments:

This manuscript describes the chemical analysis of laboratory-generated secondary organic aerosol (SOA)
from isoprene, alpha-pinene, and naphthalene precursors. The authors generate SOA within a Potential
Aerosol Mass (PAM) oxidation flow reactor, varying actinic flux to achieve various overall OH exposures,
collect SOA on quartz fiber-filters, and then extract water soluble organics for analysis using 1H-NMR and
HPLC. The authors find that with increased OH exposure 1H-NMR analysis shows further oxidized organic
material being generated, consistent with spectroscopic features of known oxidation products from the
studied systems. In comparison to 1H-NMR and HPLC analysis of ambient samples taken from the Po Valley,
Italy, and Cabauw, Netherlands, the authors find that highly-oxidized alpha-pinene SOA 1H-NMR
spectroscopic features and HULIS chromatographic features from similarly aged alpha-pinene and
naphthalene most resemble that of the ambient samples.

Overall the manuscript is clearly written and the experimental setup and analysis straight forward. The results
have potential to be of interest to ACP readers, though | think improvements are needed in discussing and
considering the true atmospheric relevance of the current work. In particular, the inclusion of the isoprene
results seem superfluous and of confusing atmospheric relevance because of potentially contradictory
experimental conditions used and results obtained, and also because the selected ambient samples were not
taken from areas notable for isoprene-dominated chemistry. Additional experimental methodology should be
clarified as well. After specific and technical comments are addressed below, this manuscript may be suitable
for publication in ACP.

REPLY: We thank the Referee for his/her through review. We agree on the fact that the correlation analysis
between non-lIEPOX isoprene SOA spectra and an ambient WSOC spectrum representing a polluted
environment, where low-NOx chemistry is mostly suppressed, can be misleading. We have therefore revised
Section 4 of the manuscript, by including a new comparison between the isoprene SOA spectral data and
those from an ambient WSOC sample from a pristine continental environment. Such spectrum will be
reported as a new figure in the Supplementary Information:
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Figure S1b.

The WSOC sample (PM1) considered for comparison with the isoprene SOA samples was collected at a
pasture site in the Amazon basin (State of Rondonia, Brazil) from 12 to 14 November 2002. The sampling
dates correspond to the beginning of the rainy season in this region of the tropics, when isoprene SOA
formation from nearby forest emissions takes over local biomass burning sources (Decesari et al., 2006). Full
documentation about the organic composition, including NMR data, of the aerosol samples collected during
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the 2002 field campaign in Brazil can be found in Tagliavini et al. (2005).

The results of the comparison between PAM-generated isoprene SOA samples and the Brazilian WSOC

sample are reported in the new Figure 7 of the manuscript:
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Figure 7.
The first paragraph of Section 4 of the manuscript will be changed as follows:

“In this section, the NMR and HPLC results obtained for the isoprene, a-pinene and naphthalene SOA systems
are compared with ambient OA samples. First, we investigated the similarity between the 1H-NMR spectral
profiles of SOA with those “typical” of ambient non-biomass-burning WSOC. For this purpose we used one
sample of PM1 collected during the 2012 PEGASOS field campaign (Sandrini et al., 2016) in the rural Po Valley
(Italy) which can be considered representative for a continental rural “near-city” site (according to the criteria
of Putaud et al., 2010). A second PM1 sample was collected at a rural site in the State of Rondonia (Brazil)
during the 2002 SMOCC field campaign, and, more precisely, during the early rainy season, when local
biomass burning sources had largely ceased and the organic composition of submicron particles was
dominated by biogenic emissions (Decesari et al. 2006). The ambient WSOC and laboratory SOA spectra were
binned to 400 points in order to remove the variability in chemical shifts due to, e.g., different pH conditions
during the analyses of the samples. Figure 7 shows the correlation between the SOA spectra and the
reference spectra of ambient WSOC: the a-pinene SOA and naphthalene SOA spectra were compared to the
Po Valley WSOC sample, while the isoprene SOA spectra were compared to the Amazonian sample. There is
good correlation (0.62 < r < 0.92) between the NMR spectra of a-pinene SOA, at all oxidation levels, with the
spectrum of the Po Valley PM1 sample. This finding is in line with modelling results and previous experimental
findings indicating that the organic composition in northern Italy in the summertime is dominated by biogenic
SOA (Bessagnet et al., 2008; Gilardoni et al., 2011). A moderate positive correlation was also found between
the spectra of isoprene SOA and of the PM1 sample from rural Brazil (r = 0.52, 0.54). It should be noted that
the relative humidity at this pasture site is variable during the day and very high overnight during the rainy
season, based on the meteorological data presented by Betts et al. (2009). Therefore, biogenic aerosols are
expected to include also isoprene SOA forming through the IEPOX route (Hu et al., 2015), which is not
accounted for by our laboratory experiments. Finally, the naphthalene SOA spectra exhibit zero or negative
correlations with the Po Valley WSOC spectrum (-0.15 < r < -0.02). [...]”

We believe that the new version of the discussion section (containing the comparison with the ambient
aerosol data representative for an isoprene-dominated environment) supports the atmospheric relevance of
the isoprene SOA spectral data presented in this study. It should be noted, finally, that to our knowledge this
is the first time that isoprene SOA NMR data - including the spectra of marker compounds (2-methyl-tetrols)
and the spectral fingerprints for complex secondary organic compound mixtures generated in laboratory
from isoprene photo-oxidation - are presented in the literature. We also modified Section 3.1.3 to highlight
the implications of our NMR measurements of the isoprene SOA samples:

“The isoprene SOA 1H-NMR spectra profiles were all very similar (an example is provided in Figure 3). The
comparison with literature data (Budisulistiorini et al. 2015) led to the unambiguous identification of 2-
methyltetrols, clearly responsible for the two singlets at 1.12 ppm (methylic H atoms of methylerythritol) and
1.13 ppm (methylic H atoms of methylthreitol) and for a series of multiplets between 3.4 and 3.9 ppm.
Methylerythritol is more abundant (60% of the sum of the two, as an average between two samples extracted
in water and three extracted in methanol) than methylthreitol. The spectra show the occurrence of only two
diastereomers among the possible four ones (Gonzalez et al. 2011), indicating that the formation of methyl-
tetrols is stereoselective, as already proposed by Cash et al. (2016) on the basis of a theoretical analysis of
the IEPOX chemistry, and in contrast with the conclusions of Gonzalez et al. (2011) claiming that methyltetrols
are produced in laboratory conditions only in racemic mixtures.”

More implications of the NMR analysis of isoprene SOA will be presented in response to the Referee’s 6
specific comment.



Specific comments:

1. Lines 31-32: Please clarify the definition of the maximum yield %’s listed. Are these yields mass of HULIS
generated per mass of precursor reacted away, similar to an SOA vyield? If so, please provide
quantification/calibration information. Rather, are they fraction of WSOC that is designated as HULIS (as
presented in Sl Figs. S3, S4)?

REPLY: The yields refer to the fraction of WSOC (= organic carbon in HULIS with respect to the sum of neutral
compounds and all acidic fractions). The sentence will be rephrased as follows:

“Over multiple days of equivalent OH exposure (30 atmospheric days), the formation of HULIS is observed in
both a-pinene SOA and in naphthalene SOA (maximum yields: 16% and 30%, respectively, of total analyzed
WSOC), providing evidence of the formation of humic-like polycarboxylic acids in unseeded SOA.”

2. Lines 50-79: In light of the discussion here, the authors should provide additional context about the major
SOA formation processes governing their particular experiment. Since the experiments are unseeded, what is
the relative importance and timescale of nucleation, heterogeneous oxidation, and gas-particle partitioning
in generating the characterized SOA? And how do these processes and timescales differ with ambient
timescales even if similar total OH exposure is achieved?

The following text will be added to the end of Section 2.1 in the revised manuscript:

“To compare SOA formation processes occurring in oxidation flow reactors and in the atmosphere, two
primary assumptions are required. First, we assume the kinetics of laboratory processes occurring at higher
oxidant concentrations and shorter exposure times can be extrapolated to atmospheric processes occurring
at lower oxidant concentrations and longer residence times. Second, we assume that the extent of nucleation
or phase partitioning of SOA is not limited by the shorter residence time in flow reactors. The first assumption
is supported by Renbaum and Smith (2011), Bahreini et al. (2012), and Lambe et al. (2015). The second
assumption may introduce uncertainty depending on the particle surface area available to promote
condensation and the mass accommodation coefficient of the oxidized vapors (Lambe et al., 2015; Shantanu
et al., 2017).

3. Line 73: Consider including these additional references in discussing vapor-phase wall losses:
(Matsunaga and Ziemann, 2010; Ye et al., 2016)

REPLY: Accepted. We thank the Referee for the useful references.

4. Lines 87-89: This statement does not seem fair or accurately written considering the authors cite work of
Cavalli et al., 2006 later for comparing alpha-pinene SOA and plenty of 1H-NMR spectroscopy has been
performed on SOA samples from urban areas e.g. (Cleveland et al., 2012). Do the authors want to reword the
sentence to specify something specific about novelty of applying the technique to laboratory-generated SOA
from known biogenic and anthropogenic SOA precursors?

REPLY: We agree. The sentence “The present study is the first application of 1H-NMR spectroscopy to SOA
samples produced from the OH oxidation of biogenic and anthropogenic SOA” will be changed into “The
present study is among the first applications of *H-NMR spectroscopy to SOA samples produced from the OH
oxidation of biogenic and anthropogenic SOA in the laboratory”. We included citations from relevant
literature on laboratory experiments of SOA generation, while essentially ignoring the literature on NMR



aerosol field studies (except from a few papers which were cited here for reporting information on
methodological aspects).

5. Lines 151-153: Can the authors clarify if this choice in using the buffer has to do with the specific products
expected from non-IEPOX isoprene chemistry that may be subject to chemical shift of the hydrogen atoms?

REPLY: Not specifically for isoprene SOA samples. This is because the isoprene SOA samples were analyzed
at a later time with respect to the alpha-pinene and naphthalene SOA ones, and in the meanwhile we realized
that including a pH buffer led to a higher stability of chemical shifts.

6. Interpretation of isoprene results in Section 3.1.3 NMR fingerprints of non-IEPOX isoprene SOA: In light of
the experimental conditions being dry (according to lines 117) and unseeded, why do the authors attribute
the spectroscopic features to 2-methyl tetrols as products in their experiments? These are typically observed
as particle-phase products resulting from IEPOX route of SOA formation from isoprene, but the authors claim
their conditions may resemble more of non-IEPOX route of SOA formation according to Krechmer et al., 2015
in lines 107-112 and Liu et al., 2016 in lines 249-250. Do the authors suggest that peroxide-equivalents of 2-
methyl tetrols (formed via nucleation under their experimental conditions?) would have the exact same NMR
fingerprint as 2-methyl tetrols? If so, this really weakens the use of NMR fingerprints with true molecular-level
mechanistic understanding. The authors should reconcile their measurements and the mechanism more
clearly.

REPLY: The two major compounds in our isoprene SOA samples are undoubtedly 2-methyl-tetrols. The NMR
resonances of these species are completely consistent with the spectra reported in Fig. S13 of the paper by
Budisulistiorini et al. (2015) and with the chemical shift data reported for pure standards of 2-methyl-tetrols
by Gonzilez et al. (2011). On the basis of NMR spectra simulations performed using ACD/Labs software
(Advanced Chemistry Development, Inc., 1D NMR Manager & NMR Predictor Suite v.12), the peroxide
analogues of methyltetrols must exhibit some resonances above 4 ppm of chemical shift, because
hydroperoxyl groups are more electron-withdrawing than hydroxyl substituents. Most importantly,
hydroperoxyl substituents can occur in variable number and at diverse positions in the molecules (Riva et al.,
2016), resulting in rather complex NMR spectra, whereas our samples show clearly the occurrence of just
two individual compounds, which we assign to the two major diastereomers of methyl-tetrols (2-methyl-
threitol and 2-methyl-erythritol). The reason why our samples of non-IEPOX SOA show prevalently 2-methyl-
tetrols rather than their peroxide analogues, in contrast with the results of Krechmer et al. (2015) and of Riva
et al. (2016), is unclear. We can speculate that peroxides self-reactions lead to the formation of alcohols
(ROOH+ROOH => 2 ROH + H,0;) in the sample or on the filter surface. Considering that the discovery of non-
IEPOX SOA is rather new and little is known about the stability of isoprene peroxides in aerosol samples, we
can just acknowledge that more research must be carried out to clarify the discrepancy between our findings
and the literature studies. We have included this specific issue in Section 3.1.3:

“The results of Liu et al. (2016), indicating that non-IEPOX isoprene SOA include peroxide-equivalents of
methyltetrols, are in agreement with these findings. However, Riva et al. (2016) reported only peroxides for
non-lIEPOX SOA in unseeded experiments and no methyl-tetrols. It is possible that peroxides decomposed to
tetrols in our filter samples during collection downstream the PAM or afterwards during storing. The actual
stability of isoprene hydroperoxides in the aerosol itself is largely uncertain, therefore the discrepancy
between the findings presented in this study and the results of Riva et al. (2016) cannot be clarified at this
stage. In addition, neither Liu et al. (2016) and Riva et al. (2016) reported the presence of carboxylic or keto
groups, while our data clearly indicate that these (and/or other acyl groups) are found in the unresolved
mixtures of non-IEPOX isoprene SOA, and are responsible for the signal band between 2.0 and 2.6 ppm. Still,



this band is much less intense than that of alcoxyls, which is opposite to what observed for a-pinene SOA
where acyls are by far the main oxygenated aliphatic functional group. Thus, 1H-NMR spectroscopy provides
distinct fingerprint for isoprene and monoterpene SOA.”

7. Lines 279-281, Lines 355-361: The authors should clarify if water extraction methods of the organic material
from filters can lead to aqueous processing and artificial formation of HULIS.

REPLY: We did not perform the water extraction in an inert atmosphere (e.g., under nitrogen flux), therefore,
in principle, we cannot exclude the degradation of labile organic structures. These, however, must be
extremely labile species and able to react with dissolved oxygen. The OH concentrations, instead, will be
unrealistically too small in the sealed vials where the extraction was performed (the OH molecules in the few
cubic centimeters of head space will be just some millions, while we can reach 1 umol of organic carbon
dissolved in the extract). We believe that the main effect of water extraction is the hydrolysis of anhydrides
and acetals. It is largely recognized that several of the known types of oligomerization reactions deemed to
occur in atmospheric organic particles are in fact reversible (Kroll and Seinfeld 2008). Such oligomers are not
expected to survive the water extraction step of our analytical protocols, therefore, the HULIS determined in
this study must be considered stable against hydrolysis. We will update the first paragraph of Section 3.2 to
specify that:

“The HPLC analysis of fresh a-pinene SOA extracts shows the presence of compounds unretained by ion-
exchange columns (neutral compounds) or weakly retained (mono- and di-acids) with a small contribution
from compounds having a high retention factor (polyacids, PA, or HULIS), in agreement with previous results
obtained from a-pinene SOA samples generated in environmental chamber experiments (unpublished data).
It should be noted, however, that the chromatographic analysis of SOA compounds in water extracts
generally does not allow to recover high-molecular weight organic oligomers susceptible to hydrolysis
reactions (e.g., polyacetals, Kroll and Seinfeld 2008). The HULIS determined by our method are essentially
only the non-hydrolyzable ones, stable in aqueous solutions.”

8. Line 298: The experimental setup is dry. How can the authors be certain that they are generating the same
compounds in SOA formation/mimicking atmospherically relevant mechanisms from their chosen precursors
and then comparing to WSOC from atmospheric samples?

REPLY: We do not claim that our laboratory study is comprehensive with respect to simulating the full range
of possible atmospheric conditions conditioning SOA formation. We just specified that the SOA chemical
composition data presented in this study are more representative for the low relative humidity (RH)
conditions. This is often the case, for instance, of Mediterranean climates in summertime (the average RH
corresponding to the Po Valley sample in Fig. S1 was 35%), but it is also common for continental sites in
temperate climates during a high-pressure anomaly, like in the case of the May 2008 field campaign in
Cabauw (RH ~ 30% to 50% in the first 2 km of atmosphere, according to Derksen et al., 2011). The other
ambient sample considered in this study is the Amazonian PM1 sample from Ronddnia (Brazil) introduced
for comparison with the isoprene SOA sample (see above). We could not find meteorological data for the
collection time of this last sample, therefore we must refer to climatological data for Rondonia, presented by
Betts et al. (2009). Note that the sampling location was a deforested pasture site, where water vapor mixing
ratio is normally lower than at forest sites in the same region. Our sample was collected at the very beginning
of the rainy season, just after the end of the transition period (i.e., the transition between the dry and the
wet season). On the basis of the temperature and water mixing ratio data presented by Betts et al. (2009),
we can calculate a maximum relative humidity (RH) of 90 — 92% (night-time and early morning hours) and a
minimum RH of 65 — 77% in afternoon hours, when the atmospheric mixing layer reaches its maximum



thickness. We can conclude that, during the collection time of the PM1 WSOC sample considered in this study
(12 — 14 Nov 2002), the aerosol particles were fully deliquesced overnight, while the liquid water content in
daytime was quite variable and certainly not always high, considered the weak hygroscopicity of the particles
measured at the pasture site (hygroscopic growth factor < 1.1 at 80% RH, according to Rissler et al., 2006).
Therefore, although an IEPOX route of formation of isoprene SOA is widely recognized as a very significant
source of organic aerosols in the Amazon basin (Hu et al., 2015), it is not clear whether this is really prevalent
respect to non-IEPOX SOA formed at lower RH values at the deforested pasture site considered here.

9. Lines 346-349: While this may be true, Figure 8 seems to suggest that even just fresh naphthalene SOA has
the closest WSOC breakdown of HPLC fractions with the ambient OA sample. This suggests that the
experimental results are getting the right HPLC fractions, but not necessarily for the right composition/same
mechanisms and for that matter the same oxidative aging. Considering the ambient sample is from a rural
site, it also seems odd that the naphthalene WSOC breakdown is so close to that observed.

REPLY: The Referee is right. However, as we noted in the same section, “naphthalene and other polyaromatic
hydrocarbons are co-emitted with many other anthropogenic IVOCs and VOCs including aliphatic compounds
in the real atmosphere”. We can speculate that aliphatic IVOCs have much lower HULIS formation yields than
aromatic ones, therefore the HULIS fraction in fresh anthropogenic emissions must be smaller than the 11%
observed for pure naphthalene. The same is valid for anthropogenic SOA in aged plumes: the overall HULIS
fraction would be much smaller than the 30% found for pure naphthalene, and becoming more comparable
with the 12% observed in the field at a rural site. This is just a hypothesis, but we would like to stress the fact
that the HULIS yield of aromatic compounds like naphthalene is probably greater than for other IVOCs (as
aromatic compounds undergo oxidative carbon-carbon bond cleavage with much smaller molecular
fragmentation than aliphatics) and that consequently the HULIS fraction of both fresh and aged naphthalene
SOA must be higher compared to a more complex mixture of IVOCs.

The text in the paper will be revised as follows: “The a-pinene SOA generated in the PAM reactor at high
photochemical age and the fresh naphthalene SOA are characterized by a HULIS amount similar to that of
Cabauw samples, while the polyacidic content of aged naphthalene SOA is higher than in the ambient
samples. In the real atmosphere, naphthalene is co-emitted with many other reactive VOC and IVOC with
potentially very diverse HULIS formation yields, therefore the results presented in Figure 8 do not necessarily
mean that the chemical composition of ambient OA in Cabauw is better described by the monoterpene
chemistry rather than by anthropogenic IVOC oxidation. On the other hand, these results demonstrate that
laboratory experiments of SOA formation can generate complex mixtures of products with the same
chromatographic properties of HULIS provided a sufficient extent of photochemical aging using the PAM
reactor or related techniques”.

Finally, we omitted the pie chart of isoprene SOA from Figure 8, because it cannot be considered
representative for the HPLC composition of a polluted site (Cabauw) (see reply to the Referee’s first major
comment).

10. Please provide additional context for the ambient samples from Cabauw and Po Valley. Are the campaigns
noted to be regions of high monoterpene emissions and anthropogenic (aromatic) emissions? They are both
described as be rural sites, yet see comment 9 above.

REPLY: According to the definition of “sites’ catchments” by Henne et al. (2010) (“area in which surface fluxes
are expected to create a detectable and significant signal at the receptor sites”), the Cabauw site is affected
by aerosol sources from a vast region in north-west Europe, while the station of Ispra in the Po Valley receives



contributions from a more confined area in northern Italy and the great Alpine region. In both areas, the
most common land types are managed agricultural land and deciduous forests, the latter being active sources
of monoterpenes. In addition, both stations were clustered among the most impacted ones from urban
emissions, which include emissions of intermediate volatility aromatic hydrocarbons. We can therefore
conclude that monoterpenes and anthropogenic VOCs are expected to impact ambient SOA both in the rural
Netherlands (Cabauw) and in the Po Valley (S. Pietro Capofiume, not considered in Henne et al. (2010) is
similar to Ispra, though more rural).

Information on sources of SOA in the Po Valley and at the rural site of Brazil has already been included into
the revised paragraph of Section 4 upgraded in response of the Referee’s first comment. Here we report the
new text to integrate into the 3™ paragraph of the same section for introducing the ambient samples from
Cabauw:

“The distribution of neutral vs. acidic classes of compounds in ambient WSOC refers to the average of the
samples collected at the rural background station of Cabauw in the Netherlands (Paglione et al. 2014b). The
station is located downwind from anthropogenic sources and biogenic emissions (terpenes from deciduous
forests) over a large sector of north-west Europe (Henne et al.,, 2010). The HULIS contribution in these
samples varied between 15 and 20%, [...].”

11. Figures 1-3: Similar to the regions pointed out in HPLC results for neutral, mono/di-acids, HULIS, it would
be helpful if there were similar labels pointing out characteristic bond features associated with the chemical
shifts in the 1H-NMR spectra.

REPLY: Below are the new versions of Figures 1, 2 and 3 with highlighted the spectral regions characteristic
of functional groups.

» O o 0 & L O 0 O
% o N QA i o T A ool

\ef'-’ ) @:L a? o

Sample: Oxidation level:

Pin#6 low C
Pin#5 low C %
Pin#2 medium £
E
r e

Pin#3 medium

Pin#1l high

N —
blank high [
I A A L
12 11 10 9 8 7 6 5 4 3 2 1 0 ]

Chemical shift (ppm)

Figure 1



X 0 0 © F O O
Pitbfﬂ? O‘C:‘:‘QQ&\ ‘?*'f’b}QQ Y"'c:'z,?&? ‘t»\?’QQ
\ef’ N\ ot ab o
Sample: Oxidation a
level: g
Nap#3 low -
-y
Nap#5 low - 5
=
-2
Nap#4 medium -8
£
) -8
Nap#2 medium
Nap#1 high
blank high
12 11 10 9 8 7 6 5 4 3 2 1 0 1
Chemical shift (ppm)
Figure 2.
R RV 0 N &F o O
:iq,f’QQ o® @Q“\ \’\'c'h »® ‘("?339? \t\?’Q
7 7 %
@ @ o SEPER\S
b) S
39 38 3.7 36 35 34 I
a) !
11 |
Iso#4 x 5 i
Sample: i
Iso#4 3 [
blank t Jad —
12 11 10 9 8 7 6 5 4 3 2 1 0 -1
Chemical shift (ppm)

Figure 3.

normalized intensity



12. Figures 1-6: As plotted, it is sometimes difficult to really compare the intensities along an arbitrary y-axis
with no units to compare peak heights and especially with peaks that extend into another sample’s y-axis.
Consider individual y-axes for each sample with relevant ticks or overlaying some samples’ spectra?

REPLY: NMR spectra are often normalized so that the intensity of the most intense peaks is 100%, but the
sets of spectra reported here have very variable contributions from intense individual resonances, preventing
a clear visualization of the differences in the background resonances between spectra. We believe the current
figures are a reasonable compromise in showing the main spectral features accompanying chemical ageing
of SOA. Nevertheless, we agree with the Referee on the fact that the current visualization of the NMR spectra
does not allow to look into the details. We have therefore produced zoomed-in versions on specific spectral
regions and report them in the Supplementary Information (new Figures S5 and S6).

Finally, please find below the updated HPLC figures with tick marks on the y axis.
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13. Figure 9: Seems like the range of f44 is in quite good agreement with HULIS as shown in triangle plot of
(Ng et al., 2011). What about f43? This would strengthen argument of associated HULIS with photochemical
age and atmospheric relevance.

The measured f43 is, in general, not well correlated with photochemical age, and is highly precursor-specific
(e.g. Ng et al, ACP, 2010, 2011; Lambe et al.,, ACP, 2011). For the most part, f44 is a better measurable
surrogate for the photochemical age and is less precursor-specific. Thus, we feel f44 is the best available
metric with which to compare the formation processes of HULIS as a function of photochemical age in the
laboratory and field studies described here.

Technical comments:

1. Lines 39-40: Sentence is awkwardly worded. Please revise, e.qg. “In the mid 2000’s the discovery that
oxidized organic compounds dominate in concentration compared to that of primary organic compounds
outside urban areas...”



2. Line 186: Spelling on “twards”
3. Line 296: Missing alpha symbol for alpha-pinene
4. Line 329: Insert “to” after “up”.

REPLY: All corrections have been made. We thank the Referee for the help in editing the text.
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