Answers to reviewer #1:

We thank the reviewer for his constructive and fposicomments. Our detailed replies to
the referee #1's comments (in Italic) are giverobel

General comments/suggestions:

A common way for global aerosol microphysics mottefgseat SOA condensation is to
assume that SOA is non-volatile and to condens&8@#% mass proportionally to aerosol
Fuchs-corrected surface area. It would be extremudgful to use the results of these
experiments to improve our assumptions of the deépendent SOA condensation. A
straightforward way to do this would be to calceldtom the experiments how the SOA
condensation deviates from the surface-area assamm@s a function of size. For
example, the smallest particles may condense atethat is 1/100 of the surface area
assumption, but this may approach 1 at larger sizes

| realize that you cannot directly determine thisce you do not know the gasphase
concentrations. However, you do have the gammaxféttie enhancement of growth due
to SOA). Since H2S0O4 condenses the to Fuchs-cedrsctrface-area, the gamma-factor
would be constant with size if SOA was also condgnsvenly across the Fuchs-
corrected surface area. Thus, | can estimate the-dependent SOA condensation profile
somewhat by eye by looking at the size dependédribe enhancement factor, however,
the variation between experimental conditions matkeficult to do by eye.

If it would be possible to have this fit size-deget condensation curve to have the
observed dependence on sulfuric acid concentratiis, would be even better, and we
could calculate the global importance of the orgasulfuric-acid interaction!

We agree with the reviewer that explicitly showitige fit curve in Figure 6 would
provide very useful and quantitative informationinoprove the assumptions made in
SOA condensation models. On the other hand, thetiaagxperiments were performed
implies that the enhancement factor is the combimsalt of two effects: change of
particle size/chemistry and change of the concgotraof condensable species (as
discussed on P11366 L20-27). Therefore we couldigeeoa meaningful fit only if we
knew the gas-phase concentrations of the condensalelcies, as the reviewer pointed
out. However, these concentrations are not knowehthey vary substantially from one
experiment to another. The experiments plottedigurié 6 cover a wide range of SOA
precursor concentrations and initial NOx concerareat (cf. Table 1), which produced
very different concentrations of condensable orggmnkor this reason we believe that
such a size-dependant condensation curve in Fyweuld not be unique and we do not
feel comfortable enough to provide these numbers.bélieve that further experimental
work is needed to completely span the three-dinoeasispace of Figure 6 before any
guantitative conclusion on condensation of SOA bandrawn over a wide range of
particle sizes from this type of experiments.

Specific comments/suggestions:
P11354 L3-5: Please move the Pierce et al.,, 20fdreace here (rather than it being
cited just below), and please add “Pierce, J. Reaitch, W. R., Liggio, J., Westervelt, D.



M., Wainwright, C. D., Abbatt, J. P. D., Ahlm, A;Basheer, W., Cziczo, D. J., Hayden,
K. L., Lee, A. K. Y., Li, S.-M., Russell, L. Mgs$gdt, S. J., Strawbridge, K. B., Travis,
M., Vlasenko, A., Wentzell, J. J. B., Wiebe, HWang, J. P. S., and Macdonald, A. M.:
Nucleation and condensational growth to CCN siagind a sustained pristine biogenic
SOA event in a forested mountain valley, Atmos.nChehys., 12, 3147- 3163,
doi:10.5194/acp-12-3147-2012, 2012.” Also, please papers out of Kuang et al. 2011
here (already cited later in the paper).

We followed the advices of the reviewer and addedstiggested citation.

P11354 L7: Pierce et al., 2011 does not use a dlobadel, please cite “Pierce, J. R.
and Adams, P. J.: Uncertainty in global CCN concamins from uncertain aerosol
nucleation and primary emission rates, Atmos. Chenhys., 9, 1339-1356,
doi:10.5194/acp-9-1339-2009, 2009.

We replacedPierce et al., 201 With the suggested citation.

P11359 L14: The intercept with the y-axis in fig@rés at N=1 cm-3, not N=0 (though
the line is essentially flat at this point, so Iguessing it doesn’t really change between 1
and 0 cm-3.

The reviewer is correct. Since N=0 cannot be shma logarithmic scale we removed

the reference to figure 2, panel 3d, which waseaiding and not essential to explain the
analysis method. We use a logarithmic scale inrotaldetter show the flatness of the
line in figure 2, panel 3d, as highlighted by tegiewer.

P11360 L11: I'm guessing that you fit to a log-gsias (log-normal distribution) not a
linear gaussian distribution?

We performed both fits, but the Gaussian distridnufitted better to the data than the log-
Gaussian one. The fact that the experiments weardumbed in an initially particle free
chamber and the particular combination of nucleatiates, growth rates (function of
particle size) and wall loss rates (function oftjoée size) resulted in a Gaussian like size
distribution. The data fitted better to a log-Gaasslistribution when, with the UV lights
turned off, we allowed enough time for the coagafaand loss mechanisms to re-shape
the size distribution towards a log-Gaussian distion.

P11363 L5-24: Since you don'’t actually do any kiealculations of SOA condensation,
it may be more clear to remove this discussiorpens time looking through the paper
trying to find where these calculations were used.

Following the reviewer’s suggestion, for simplicityee removed the lines L5-24 P11363.



P11365 L25-28: What was the source of error inH2504 lifetime? Was it error in the
calculation of the condensation sink? The accomnioad&oefficient? Wall losses?

The source of error in the underestimate®®, lifetime in the Metzger et al. paper was
the wall loss term, which resulted to be the dominess term compared to the
condensation sink.

P11368 L15: Regarding the acidity, | assume no exmnts were performed where
ammonia was added?

We did not perform any experiments with additionasimonia. The concentration of
ammonia was not monitored at that time, but simoeania was never added we believe
that the chamber contained only trace levels of ama

Figures 6 and 7: You present H2SO4 as a concentrabut a-pinene as an oxidation
rate. Would anything change if you presented tiphadpinene oxidation rate divided by
the condensation sink (which would give a somettpngportional to the NucOrg
concentration, at steady state), or is this irr@etsince the condensation sink is tiny at
these initial stages of growth, and the NucOrg emiations will be growing rapidly
during this time period?

The reviewer is correct in stating that the cond&non sink is negligible at these initial
stages of growth, due to the small total surfa@a af the growing particles. So the
steady state concentrations of NucOrg would singgdgle linearly with thex-pinene
decay rate, the proportionality factor would beada the NucOrg wall loss rate, which
is a priori not known. Consequently there wouldnbechange in Figures 6 and 7 besides
an uncertain linear scaling factor.



Answers to reviewer #2:

We thank the reviewer for the detailed review aoadthe constructive comments. Our
detailed replies to the referee #2’s commentstéiic) are given below.

The main question that | have regards the authapgroach to calculating gamma. For

the data shown in Figure 6, | understand that ditan all experiments are used. It

seems that the authors have color coded the anwfuetacted a-pinene, but (according
to Table 1), some of the experiments that go inéodata plotted here were conducted
with no SO2, whereas some had up to 5 ppb SO2ingattye SO2 in this way will have a

large impact on the growth rate due to sulfuricdgcand therefore on the calculated
gamma (from Fig 5 it appears that the differencerMeen 5 ppb and no SO2 is about 2
orders of magnitude in sulfuric). would it be pdsito present the data in such a way
that sulfuric acid does not vary? For example cam yreate separate plots for “no

S02” and “5 ppb SO2” cases? This would be valuadlso in comparing the observed

gamma values to those reported in the real atmagphe

We agree with the reviewer that it would be ideapliot gamma as a function of particle
size for a constant sulfuric acid concentrationt Bafortunately, as one can see from
Figure 4 and Figure 7, the concentration of sulfagid varies substantially even during
a single experiment, similarly to the inter-experital HSO, variability, as pointed out
by the reviewer. This makes any representationashrga at a constant sulfuric acid
unfeasible.

Gamma (originally proposed by Kuang et al., 20Klpy definition an enhancement
factor which quantifies the relative contributiom tparticle growth by organic
compounds. The use of gamma in Figure 6 deriveseithdrom an attempt to take into
account the variability of sulfuric acid conceniwat “normalizing” the growth rate by
the variable sulfuric acid contribution to growth.

Following, at least partly, the suggestion of teeiewer we highlighted in the legend and
in the caption of Figure 6 the two experiments @enied at high SPand we tell the
reader that gamma changes when sulfuric acid clsange

The caption of Figure 6 was changed to read:

Fig. 6. Growth rate enhancement factdérais function of diameter from CPC battery and
SMPS data. Different markers correspond to diffeexperiments, color coded with the
decay rate ofi-pinene. Note that the experiment® 3 ando-p 4 were performed with
injection of 5 ppbv of S@producing a higher sulfuric acid concentration paned to the
other experiments, hence influencing the correspgndl results.I'" values were not
available from the SMPS measurements during twoemx@nts,a-p 5 anda-p 8,
because of the poor quality of the SMPS data duhiage experiments.

To provide more information to the reader we alddeal the citation of Kuang et al.,
2011 (which was already cited in the results segtioght before the definition of

gamma:

P11363 L2: “..., following the definition proposed Kyiang et al. (2011), we can define
and calculate the growth rate enhancement fac®taorganic compounds as...”



Some minor points/questions/grammatical correctitia$ | wished to have addressed
are as follows (page/line number precedes eachtpoin

In section 2.1.3: Since one of the major achievesehthis work to so improve on the
leading edge method of determining growth ratemf@MPS measurements, perhaps the
authors should acknowledge that other techniquést &t accurately determining size-
resolved growth rates. One notable example is floenmeasurement of size dependent
charged fractions (Yli-Juuti et al. 2011; lida dt 2008).

We added the suggested reference and we citedvithedpers at page 11361 at the
beginning of line 5 replacing the first sentencéhwine following sentence:

“Other techniques exist for accurately determirsigg-resolved growth rates (lida et al.,
2008; Yli-Juuti et al., 2011and the leading edge method was introduced by Kalmia
al. (1998) for ambient new particle formation sasli

11352/22: “particles” should be singular

We replaced “particles” with “particle”.

11353/23: perhaps it is appropriate to give someddrto the work of Weber et al. in the
1990s for their seminal work in measuring gaseaufusc acid and demonstrating its

role in new particle formation, e.g., (Weber et296). While one might correctly argue
that the Kulmala et al (2004) review cites the marlwork, | feel quite strongly that

seminal discoveries ought to be credited.

We agree with the reviewer and we added the suggjegation.

11354/6: change “i.e.” to “e.g.”

Done.

11354/12: Why is “respectively” used in this semgnsince it cannot be ruled out that
both sulfuric and organics can play a role in bédhmation and growth?

As suggested we removed the word “respectively”.

11355/24: Why is Paulsen et al. cited for the SMRS*this is a unique home-built

instrument that is described in that paper? Othesnit is probably more appropriate to
cite Wang and Flagan (1990).



The reason to cite here the work of Paulsen etvas. that Paulsen et al. discussed the
setup of the SMPS employed in our work. But we wstded that this might be
misleading since it does not refer explicitly t@ tSMPS but rather to the overall setup
which is already addressed in line 12 on the saage pso we removed this citation, and
we added the suggested one, which is more pertinehe SMPS.

11356/19: delete “respectively” here

As suggested we removed the word “respectively”.

11356/23: “generates” should not be plural

We believe that the word generates is correct dimeasubject is only one (“the oxidation
of SG)"), the addition of “as well as” does not change tlumber of subjects.

11371/9: please define what is meant by “TSI-type? is this in fact a TSI model 3085
nano-DMA, or one build to identical specifications?

We replaced “TSl-type, effective length 11 cm” withome-built DMA with similar
specifications to TSI model 3085 nano-DMA .

11372/9: Why was it not possible to calibrate baotistruments using the same
calibration apparatus? Were the CIMS instruments at the same time, or during
different times?

The referee has a valid point that the instruméoukl have been calibrated with the
same calibration device during the campaign. Wecareently collaborating to further

refine the measurements and calibrations. Conagrthis study, however, this issue
resulted in a more conservative error estimateschwive hope to tackle together in the
future.

The CIMS instruments run at the same time durimgptpinene experiments while only

the Frankfurt CIMS was running during the TMB expants. We added this

information to the Appendix.



