Responseto Reviewer 2

We appreciate the reviewer's thoughtful discussema provide a point-by-point
response below.

Comment 1

The authors do not discuss any control experimématswere performed to measure
particle wall losses through the TPOT mixing tubéd/ar the reaction zone (e.g. p. 8192,
line 23), and/or post-correction of the data fotlwasses. This is a significant omission,
as it may affect interpretation of results, pattacly in regards to the TPOT “AmbHt”
and “AmbHtOH” conditions relative to “Amb”.

(&) The Lambe et al. 2011a reference suggests that tildine wall losses can be
significant, particularly as a result of large-s;athermal convection-induced
dispersion in flow tubes (e.g. following turning &V lamps). This convection-
induced dispersion is presumably more significarthe TPOT reaction zone than
in the TPOT bypass flow tube, and might explain 10e25% decrease in mass
observed through the reaction zone.

(b) Furthermore, Figure 2 in Lambe et al. (2011a) ssiggeall losses on the order of
10-20% for 150-300 nm diameter particles, whichspreably encompasses the
size range of particles sampled in this work. Tresult even includes the TPOT
flow tube used by the authors in this study. Unl#ss data has already been
corrected for TPOT wall losses (in which case #tisuld be explicitly stated in
the paper), it seems to me that this is a verysitde: explanation for the 10-25%
mass loss observed with turning on the TPOT lamps.

(c) Do the authors have any additional evidence orreafges to support their
expectation that changes in “AmbHt” spectra andlilogs are driven by volatility
rather than UV irradiation (p. 8193, lines 2-3)?r lexample, if the TPOT is
heated by 4 deg C without turning the lights onthis same 10-25% mass loss
observed?

Response

Although the TPOT system is conceptually basedha described in Lambe et al.
(2011a), the present version has been significamtyraded in terms of geometry and
material. The new system is described in the ctingmnuscript, however the changes
were not emphasized; this will be corrected. Plarti@ansmission in the improved TPOT
is greatly improved compared to the Lambe et aldyst Wall loss experiments using
size-selected BES patrticles show approximately 16@¥%smission for particles with 100
to 300 nm mobility diameter (larger sizes were tested), with 90% transmission at 50
nm. Transmission is measured as the ratio of partimunts from CPCs located upstream
and downstream of the reaction zone. Based on tiessurements, it is unlikely that
wall losses can account for the observed mass Assaeell, the bypass and reactor flow
tubes were designed to be as similar as possible.

Comment 2
The OH exposure calibration method using oxidiz&SBarticles is an interesting
idea (pp. 8189-8190, lines 28-9). However, | sugtest the authors more fully discuss



some of the details regarding this calibration,aose it has some limitations relative to
the use of a gas-phase tracer. This would also b#ders that may be interested in
adopting a similar calibration method in relatadigs.
(a) A calibration curve relating the TPOT OH exposuterived from MEK decay) to
the f,4, of oxidized BES particles should be presentedhqges in the Supplement.
(b) Somewhere in the Experimental section, | think thatauthors should explicitly
state any assumptions or limitations used in thaigbation relative to a more
traditional gas-phase tracer, especially because agsociated heterogeneous
oxidation kinetics are different. For example,
(c) What OH uptake coefficient is assumed for BES pldi?
(d) Over what range of OH exposure is the responsg Iméar/nonlinear?
(e) Is there a maximumyf attainable for oxidized BES beyond which increaises
OH do not changef?
(H What additional uncertainties are present, if any?
(9) It may also be worth emphasizing that specific apeg parameters of the AMS
(e.g. vaporizer temperature, fragmentation tableffments) can affectsf and
need to be accounted for using this calibratiorcg@dare.

Response

There appears to be some confusion regarding theopes of the MEK and BES
calibrations. The MEK calibration is used to detererthe TPOT OH exposure, while the
BES “calibration” is intended only as a check ostsyn stability during the campaign
(because an MEK detector (PTR-MS) was not routiselgilable). The BES system is
NOT used for ara priori determination of OH exposure. Thus, while the eesmr’s
points in (b-g) are well-taken, they do not inflaenour use of the BES *“calibration”
provided that particle generation, TPOT configunatiand AMS operation are consistent
between experiments. We will note the limitatiorfstiee BES system and clarify the
purposes of the MEK calibrations and BES stabdhgcks in the revised manuscript.

Comment 3

The authors should estimate an OH rate constamptake coefficient (p. 8196, lines
23 — 25) for representative AMS spectral markerg. (@/z 91 or related species) and/or
the less-oxidized PMF factors (BBOA, OQ#4 OOAgrwy). If possible, this should be
calculated as a function of OH exposure. While teiguires assumption about particle
size, density and molecular weight, at the vergtlélhe authors can bound the range of
measured OH reactivity/uptake. This would help eléicese results in the context of
previous laboratory oxidative aging studies (egferences cited on p. 8187, lines 5-7),
and might also augment the discussion of PMF speeigctivity on pp. 8200-8201.

Response
A rate constant for m/z 44 production is alreadglided. A table containing
estimated rate constants for the other spectratemawill be added.

Comment 4



There are a few issues that should be cleared gg@rdimg the presentation and
discussion of results in the context of the Vanvéten diagrams (p. 8198, lines 15-23;
Figure 7):

(a) By themselves, the calculated Van Krevelen slop&sl(to -0.2) do not
corroborate the observed formation of carboxylides, which, as described by
Heald et al. (GRL, 2010), result in a Van Kreve&tope of -1.0. The only way
(that I am aware of) to reconcile observationsasboxylic acid formationrfyz =
44 in AMS spectra) and Van Krevelen slopes of -th1-0.2 is significant
fragmentation (e.g. Ng et al., ACP, 2011) with prefitial loss of carbon relative
to oxygen. This was postulated on line 23 but, ynapinion, needs to be stated
more emphatically.

(b) I thought it was useful to place TPOT results ia tdontext of simple oxidation
steps (p. 8198, lines 24-28). The authors might alsnsider placing relative
oxidation products such ascispinonic acid, and 3-methyl-1,2,3-
butanetricarboxylic acid in Fig. 7 to see if thides in interpretation of results.
See Chhabra et al. (ACP, 2011) for an example.

(c) If the aerosols sampled in this study are predontipanfluenced by biogenic
sources, then the dashed line from Heald et der@apt H/C = 2) shown in Fig. 7
is probably irrelevant. The intercept on a Van laewn diagram should have
some relation to precursor(s) associated with tRAOAN intercept of H/C = 2
was chosen by Heald et al. to represent large atkatiere, | think an intercept of
H/C = 1.6 (terpenes) may have more relevance.

Response

We agree on all points and will incorporate thegased changes. Simultaneous
measurement with an HR-ToF-AMS on ambient aerobolvsthat the Van Krevelen
intercept is indeed ~1.6. This will be presented fature publication.

Comment 5

| suggest that the discussion regarding organaegrép. 8199, lines 1-9; Fig. 8) be
removed from this paper, for the following reasons:
(@) The decrease ingoffss with OH exposure is not very convincing evidende o
organonitrate observation. For example, these srequdild also be due to changes in
CH,O":CH,O," with oxidation (in addition to, or instead of, RO,"). These ions may
not have anything to do with organonitrates.
(b) Even if there is definitive proof of organoaite measurements, the authors did not
relate them to any of the 5 PMF factors. Thus, &htl might be an interesting
observation, it doesn’t seem to have anything tavith the main premise of the paper
(and, moreover, distracts from that main point).

Response

(&) The WACS 2010 study also included a HR-ToF-Adfferated in parallel to the
TPOT system. This instrument also observed orgaraei signal, and estimated that
approximately 50-75% of the total “nitrate” coulde kattributed to organonitrates
(manuscript in preparation). This supports theditgl of the 30/46 ratio as a proxy for
organonitrate content.



(b) The focus of this paper is not only on the PM§&ults, but more generally on the
nature and timescale of OA processing by OH. Withis framework, organonitrate
processing is of interest, as are other changethenorganic mass spectrum (e.g.
production/reaction timescales of orgamiz in Fig. 6).

Comment 6

Figure 2: There seems to be structure in the anumonhitrate, and sulfate time
series. Their concentrations increase when the TRMS is switched from “AmbHt” to
“AmbHtOH” mode. The nitrate formation is discussedhe text, but the sulfate increase
is not. A short description of this feature migheg twvorth including in the text. The
authors imply that SOA formation in the TPOT is ligigle. However, if | take this
result at face value, it implies that significanmhaunts of S@ are present and are
oxidized to form sulfuric acid in the TPOT. Perhdps feature would be even more
pronounced if the TPOT had a lower surface-areastome ratio.

Response

Sulfate and ammonium increase during the AmbHtOHdimn, while nitrate
decreases. As the reviewer notes, this is likely uHSO, formation in the TPOT. This
H,SO, is quickly neutralized by reaction with gas-phaseimonia, yielding the
ammonium increase. The decrease in nitrate mayubeta oxidation of organonitrate
species and/or reaction of HN@ith OH. These changes will be discussed in thisee
manuscript.

Comment 7

As far as | can tell, the statistics for the aushaotated 5-factor solution are not
presented anywhere in the paper (e.g. p. 8191 28)eor in the supplement. This is a
significant omission that should be fixed.

(a) What is the normalized Q-value (Q4Q for the 5-factor solution with FPEAK = -
0.5? Also, what is the average residual (fractiorpercentage)? While there is
always some underlying subjectivity associated witkerpretation of PMF
factors, the authors should provide at least sofhtbeostatistical data from the
various PMF solutions, and discuss those dataenctntext of justifying their
choice of the 5-factor rotated solution as the ifopt” solution.

(b) Why do PMF solutions with FPEAK between -0.5 antb0converge?

(c) A time series of the PMF residual should be added-ig. 9 and/or briefly
discussed in the text.

Response

(@) Q/Qy = 1.13. The average residual, here calculatedbagesidual) / total, is
0.083. (b) This is governed by the PMF2 softwagoalhm and the precise cause is
unknown. While it is possible to achieve convergerty relaxing the convergence
criteria, this approach produces solutions witrhbigQ/Q,, and was therefore rejected.
(c) We will add residual time series and mass spdotthe Supplement.

Comment 8



The comparison of TPOT factors to SV-OOA and LV-O®GMF factors from the
literature is not useful without (1) graphic presgion and/or (2) linear correlation of the
pertinent SV-OOA and PMF factors (e.g. pp. 8200182@es 28-2). There is also quite a
bit of variance in literature SV-OOA and LV-OOA tacs depending on the specific
study (Ng et al., ES&T, 2011). This should be addeel by indicating which literature
SV-OOA and LV-OOA factors are being intercomparethwiPOT factors, and by
providing a statistical indicator of the quality@mparison.

Response

The intended comparison was with the factors regolty Ng et al.(ES&T, 2011),
however the reference was mistakenly not includ& will also add a graphical
comparison as suggested by the reviewer.

Comment 9

Page 8201, lines 2-8 and Figs. 9-10: | think tinat tBBOA” factor identification
should be clarified/improved. At the very leastendfication of this factor from AMS
data is not definitive in the current presentation.

(a) The reported ¢b ~0.5% is barely above typical background levelsragions
unaffected by biomass burningyE 0.2% - 0.4%), compared to “fresh” BBOA
sources with ¢y ~1% - 4% (Cubison et al., ACP, 2011). If this Gactruly
represents BBOA, then (1) the “BBOA” factor may me=sent a heavily aged
biomass burning sources or (@&jz = 60 andmwz = 73 signals from the biomass
burning source have been mixed into the other factothink that these issues
should be mentioned in the discussion.

(b) The authors mention that acetonitrile is correlateth the “BBOA” plume. Why
not show a time series or correlation plot of [BBI@&A& a function of [acetonitrile]
or the AMSm/z = 39 (K) signal? Either of these tracers seems like a muirest
indicator that would support the identification tbfs factor as biomass-burning-
influenced. K has a large negative mass defentz(= 38.964) which may be
possible to resolve from other massesvat= 39 (e.g. @Hz", m/z = 39.023) using
the c-ToF-AMS.

Response

(@) It is likely that PMF is unable to retrieve pufe” BBOA factor because of the
short temporal duration of biomass burning influenat the site (i.e only the last few
days of the campaign). This is suggested by somehigh residuals atv/z 60, and
especially by higher residuals during the biomassibg period. Thegh values reach a
maximum (0.72%) during the biomass burning peri@dsnpared to background values
of 0.2% +/- 0.05%). This indicates that the BBOAt&a is unable to fully represent the
variability atnv/z 60 (note that the BBOA factor never accounts forerthan 80% of the
total OA, so the discrepancy between measugdrfd PMF-reconstructedofis larger
than indicated by the BBOA factor mass spectrunadifionally, slight increases in the
BBOA factor are observed during periods that ateimftuenced by biomass burning (e.g
Fig. 9a), consistent with mixing in the PMF soluatio

(b) The suggested comparisons will be added t&thpplement.



Comment 10

Page 8203, lines 23-28: In its current form, theparison of TPOT factors to PMF
factors from George et al. is also not useful taders that are unfamiliar with the George
et al. work. If this comparison is important, telsould be rectified in a similar manner as
outlined in Comment #8 above.

Response
We will add a graphical comparison of these factorthe Supplement.

Comment 11

P. 8187, lines 12-13: “Changes to particle CCN progs are described in a separate
publication (Wong et al., 2011)". | would removastisentence, because this seems like
an unnecessary place to cite this paper (espediattguse it is referenced later on page
8189, line 22). Also, ‘CCN’ is not defined earligr the paper (Cloud Condensation
Nuclei).

Response
The citation will be removed.

Comment 12

P. 8190, lines 21-22: | assume that the authorsdiccollect particle time-of-flight
data with the AMS because of signal-to-noise litiotes. | suggest adding a few words
to clarify the reason(s).

Response

Particle time-of-flight (PToF) data was not collkdtdue to mechanical failure of the
chopper motor that modulates the particle beamTiaFPmode early in the campaign.
Because production of the motor has been discoadinteplacement of the part would
have required a major upgrade of the control edaats, which was not feasible during
the campaign.

Comment 13

P. 8191, line 24 and P. 8192, line 5: The authefsrence a paper by Ulrich et al.
(2010), but the Ulrich et al. paper in the listreferences was published in 2009. Either
this is a typo or there is a reference missing.

Response
These citations refer to the Ulbrich et al., 20@®qr included in the reference list.
We apologize for the typo.

Comment 14

P. 8192, line 26: What is the linear correlatiorefficient () between the mass
spectra of unreacted aerosol ange®posed aerosol? | assume from Figure S1 that it i
very close to unity. That information would be usgefo include here, and would
underscore the point the authors thadOes not alter the AMS spectra.



Response
The ¢ value for this comparison is 0.9995.

Comment 15

P. 8196, lines 5 — 14: | suggest that the authemsowve most of the text here (“The
peak intensity at m/z = 45 [...] and organonitratenstonption during oxidation,
discussed below”. It is unnecessarily long andadtsr from the rest of the discussion.
Show a figure of the raw mass spectra at m/z =a#8 @3 if desired) in the Supplement
if these points need to be elaborated on.

Response
We agree that the suggested figures would be usefiithat the bulk of thevz 45
discussion can be moved to the Supplement.

Comment 16

P. 8197, lines 6-7: Isn’t it possible that ionsao$pecificm/z experience a fractional
increase (as a function of OH oxidation) that iself by a fractional decrease in another
ion with the same integer mass but a different exess?

Response
This is a good point, and this caveat will be adtethe manuscript.

Comment 17

P. 8197, line 10: | am confused by the statemeattrtiz = 44 is only enhanced by
~25% following OH oxidation, because Fig. 4 suggésat the 4, increase is often much
greater than 25%. Please explain.

Response

There is a critical distinction between'z 44 enhancement (i.e ratio of oxidized to
unreacted organic massrmaiz 44) and a change in4f(i.e. ratio of organic mass aiz 44
to total organic mass). It is quite possible fordation to cause a low (or, hypothetically,
zero) enhancement mVz 44 to result in a large change in if the oxidation causes a
reduction in the total organic mass.
One can see from Fig. 6 that the largest OH exjgssyield a ~25%/z 44 enhancement
coupled with a ~20% decrease in total organicsJevRig. 4 shows an increase iy f
from ~0.12 to ~0.19, and these values are congjsten(0.12 + 0.12 x 0.25) / (1 — 1 x
0.8) = 0.19.

Comment 18

P. 8197, lines 11-13: “For both aerosol types, potion of m/z 44 occurs relatively
rapidly, with most of the production occurring st than ~ 3 days of OH exposure. This
suggests a similar rate for functionalization risng.”
I assume the authors define functionalization reastas adding oxygen without loss of
carbon, and fragmentation reactions as those meguit net loss of carbon (Kroll et al.,
PCCP, 2009). Then/z = 44 production is more likely associated withgfreentation



reactions than with fragmentation reactions, eglgdbecause of the observed mass loss
following heterogeneous oxidation.

Response
This is a typo: “functionalization” should be “fraxgntation.” This discussion will be
clarified, the definitions included, and the Kretlal. reference added.

Comment 19
P. 8197, line 25: Cite Heald et al. (GRL, 2010)ehér addition to where it is
currently cited later in the section.

Response
The citation will be added.

Comment 20

P. 8202, line 24 and Fig. 12: It looks like theatadrganic mass changes by at most
0.5 ug/m on July 2% with a range of 3 to 3.5 ugfmHow, then, do the authors
determine a 50%-100% change in organics duringlély® Please clarify.

Response

Here the “50 to 100%” increase was intended to @mphe organic concentrations
on the (warmer) 21 July vs. the (colder) 19 Julg, the concentrations are 50-100%
higher (depending on time of day) on 21 July. Thvas not clear in the original
manuscript. The reviewer correctly notes that thenge during the day is much smaller
(~30% on 21 June vs. ~15% on 19 June).

Comment 21
P. 8205, line 9, line 15, and elsewhere in refezsnCapitalize “aerodyne”

Response
This typo will be corrected.

Comment 22

Figure 1: Text on page 8189, lines 17-19 statestli®reaction bypass system is a
flow tube that is identical to the reaction zonewftube) except for the lamp. However,
Fig. 1 is confusing because it suggests that thetitn zone bypass is a simple straight
tube rather than a flow tube. Please fix the e}, 1, or both to reflect the actual TPOT
setup.

Response
The text is correct: the bypass system is ident@dhe reaction zone except that the
lamp housing is empty. Fig. 1 will be amended fteot this.

Comment 23



Figure 3: This figure doesn’t serve much of a psgbeyond the text; the authors
might consider removing it, especially in the comtef the wall loss issues | mentioned
earlier (and even if it already accounts for wadides).

Response

As noted in response to Comment 1, wall lossesi@ikely to strongly influence the
results in this figure. We feel the figure is udefar providing an overview and
comparison of the organic mass loss for heatingfdysis vs. OH oxidation.

Comment 24
Figure 4: Is it worth adding4 & f44 from PMF factors (i.e. Fig. 10) to this plot?

Response
The PMF factors will be added.

Comment 25

Figure 11: It may be worth including fits to “guidee eye”, particularly for the
OOARrp v trace, where the authors are claiming Magsso/Massmpr: for OOARp Ny
increases and then decreases with OH exposur@@g, Bnes 1-5).

Response
The suggested fits will be added.



