We thank the referee for the constructive commenitsch are added in full below (in black font). Our
replies are given in blue font directly after tl@menents, text that has been added to the manuscript
shown in red font.

Referee #2:

Summary: The motivation for this publication wasise concurrent ambient measurements of ultrafine
particles and gaseous precursors to particle foomats evidence to investigate the hypothesis that
different gaseous species are more important tti@rofor forming particles at this measuremeret sit
Another important feature of this publication imbdd the investigation of nitrate CIMS as a novel
method for measuring ammonia, amines and iodinéaging compounds. Analysis of the variability
of mechanisms controlling new particle formatiordifierent areas where the chemical composition of
the lower atmosphere is influenced heavily by uaig@mission sources, such as feedlots, is a pursuit
with high scientific merit. The authors attemptatealyze how different sources could be contributing
to NPF well by exploiting the capabilities of thigrate CIMS technique and considering contributions
of HOMs to NPF potentially sourced from a local sdxforest. This manuscript is recommended for
publication. Included are general comments, te@lsisgggested corrections, and recommendations for
improvements of analysis and the method of measmefar future studies.

Comments on analysis and suggestions for improvemen

(1) One of the things that is pointed out in thedduction is that new measurement techniques for
amines have appeared over the past few years @nhitlear how spatially variable amines are bseau

it is uncertain how well these techniques actugjbantitatively, measure amines. | think futurelsts
should include a more rigorous approach at an attémcalibrate this technique to different amines.
Attempts at a rigorous calibration of amines fas tiechnique would help to understand, with greater
confidence, the spatial variability in concentrai@mines around the area of study in this pulnicat

as well as, set a higher standard for measurenighese species by other users of this nitrate CIMS
technique. A more rigorous approach to calibratiesuld help advance the understanding of the
abundance of atmospheric amines globally, in amitio advancing the understanding of how
significant of a role atmospheric amines play inANP

We agree with the referee that calibration regaydire amine measurements is essential for extending
the knowledge on the spatial and temporal varighali atmospheric amine mixing ratio. We consider
an automated on-site calibration procedure, e.qudirtyg permeation tubes (see Freshour et al., 2014,
AMT), as ideal for such a purpose.

(2) Line 154 It would be helpful to add in chemiegluations describing the ionization reactions ¢inbu
to dominate ionization chemistry using the niti@t®1S technique that are additions to the descmstio
on line 154.

Reactions (R1) and (R2) were added to Section 2.2.

(3) Line 170 “while assuming the same ionizatidicafncy as for sulfuric acid, which has been adyue
to be a valid assumption” . . . In the supplememabppendix?, of Ehn (2014) the authors predent t
results of quantum computations of binding energres calculate theoretical collisional rate contstan
for ELVOCs that are within the measured error folfugic acid. Additionally, they compare these
calculated rate constants to the measured ratdacdrisased on the sensitivity of the nitrate CIMS
measurement to a perfluoroacid. This analysis pteden Ehn (2014), in my opinion, is really good
because authentic standards of HOMs are not alailatiditionally, because the quantum calculations
used structure-activity relationships to deriveotie¢ical dipole moments for some theoretical HOM
structures, the results suggesting that clusterintdOMs occurs at the collisional limit only apgdieo
HOMSs. It seems one of the primary motivations far publication of the mass-dependent transmission
efficiency study by Heinritzi (2016) was to chaextte these effects for HOMs. | believe quantifimat



of amines using nitrate CIMS through direct calilanas would greatly improve the confidence in the
measurement technique, and may even help furtpposuprevious attempts at quantifying HOMs with
this technique if many directly calibrated composiragpear to undergo ionization at the collisional
limit. The importance of direct calibrations is ther underscored through the authors suggestidn tha
the nitrate CIMS technique may be particularly lssssitive to ammonia than other compounds they
are able to measure.

We agree that the arguments laid out by Ehn €R@lL4) convincingly show that HOMs cluster with
nitrate ions at the collisional limit (similar tbeé deprotonation reaction occurring for sulfuricdacn
this context, we reworded the last part of theeseed in line 171 to:

“... which has been shown to be a valid assumptioklny et al. (2014).”

Performing calibration measurements for a variétgampounds measured by nitrate CIMS is one of
our main goals for the near future. From our mearsents, it seems likely that ammonia is not ionized
at the collisional limit. Due to the wide varietlydifferent amines being present in the atmospfeith
different chemical properties), different aminesldaalso be ionized with different sensitivities.this
respect, it should also be noted that sensitiviteggarding a certain compound depend also on the
settings of the CI-APi-TOF since declustering psses can occur within the instrument. For thisoeas
especially for the less-stable reaction productibredion of each individual instrument should be
performed.

(4) Line 296 An argument is made here that a simpledel can be used to estimate sulfuric acid
concentration because the results from this modesistently agree with the results from a more
detailed model, which includes RH and CS as vagmbithin a factor of three. Mikkonen (2011) also
points out the minor dependence of the approximsit#fdric acid concentrations on CS. The authors
suggest a simplified equation in the conclusionglvis only dependent on radiation, the rate cansta
and SQ mixing ratio if particle data is not availablewbuld argue that if a modeled approximation,
and not a measurement, is being used to repreaentteen it should be treated as rigorously asipgess
Including the RH and CS as sinks for 5€ven if they contribute in minor ways, | thinkimsportant
when forming this approximation, if the data isitalgle. To constrain the approximated data by tofac
of three, I think, is a worthwhile action that thethors of the current manuscript took when udneg t
detailed sulfuric acid approximation equation.

We agree with the referee that the parameterizaticnding all parameters (SOradiation, RH and
CS, see equation (2)) should be used whenever plagameters are available. In order to highlighst th
importance, the end of Section 3.3 was rewrittefolb@ws:

“This indicates that even the simpler method (eiQua(3)) can yield relatively accurate results ttoe
conditions of this study. This is probably due he fact thatRH and CS show only relatively small
variations over the duration of the campaign andatld therefore not be absolutely necessary to
include these factors in the sulfuric acid caldalatNevertheless, whenever the data are available
recommend to use the more detailed parameterizééiqnation (2)) as it treats the sulfuric acid
concentration calculation more rigorously.*

The discussion section provides some constructiggestions for improving future measurements!
Technical suggestions: **Suggestions for technicatections ARE IN ALL CAPS

(5) Line 25 “WE DEMONSTRATE HERE that the nitratd-&Pi-TOF is suitable for sensitive
measurements. . .”

The sentence in line 25/26 has been modified agestigd:



“We demonstrate here that the nitrate CI-APi-TOEugable for sensitive measurements of sulfuric
acid, amines, a nitrosamine, ammonia, iodic actild®M.”

(6) Line 114 “. . .the site is not too far awayrfrahe University of Frankfurt, which allowED US to
visit the station for instrument maintenance” That sentence either needs to be modified or @thng
by the above suggestion because right now, graroatigtiit doesn’t make any sense.

The sentence (lines 112 to 117) has been modifiediggested:

“The site was chosen for several reasons: (i) tlarger dairy farms are close by, which should iobgs
enable us to study the effect of amines on newgtaformation, (ii) it can be regarded as typifmala
rural or agricultural area in central Europe, (the site is not too far away from the Universify o
Frankfurt, which allowed to visit the station faistrument maintenance on a daily basis and (iesin
we could measure right next to a meteorologicdicstanfrastructure and meteorological data from th
DWD could be used.”

(7) Line 121 “As mentioned in the introduction,dstock ARE known to emit a variety of amines as
well as ammonia. . .”

The sentence (lines 121 to 123) has been modifieiggested:

“As mentioned in the introduction livestock are Wmoto emit a variety of amines as well as ammonia
(Schade and Crutzen, 1995; Sintermann et al. 20d#) of which should have an influence on new
particle formation and growth (Almeida et al., 2pL8htipalo et al., 2016).”

(8) Line 303 . . . Please make an explicit stataroéthe reasons that it was useful to estimateXtHe
radical concentration as the introduction to tlest®n. This would help to disambiguate the meaning
of “further data evaluation”, but also help guid®d preview to, the reader to the logic of what the
authors saw as the ultimate purpose of doing aealysing estimated OH radical concentrations. This
should be a quick and easy modification.

An introductory sentence was added to the beginoiit8gection 3.4 to explain why it was useful faisth
study to estimate an OH concentration:

“In this study the hydroxyl radical concentrati@réequired to derive an estimated concentratidhef
iodine species OIO (Section 3.5) and for a compar® conditions during nucleation and no nuclaatio
days (Section 4).”

(9) Line 309.. . . Please explicitly define the i [OH]4ay. Adding the “day” notation to this quantity
makes the exact meaning confusing. | believe thantity just refers to the steady-state approxithate
concentration of OH radicals at some time thag ¢dlculated. A similar quantity, Qk is used in the
PAM/OFR literature to refer to an estimate of tlag-dveraged expected OH exposure.

We thank the referee for pointing out a missingrdgdn of the quantity [OHl.,. By the addition of the
subscript “day” we meant to highlight that quiteca@ate OH concentrations can probably only be
calculated during day-time when the photolytic pettbn of HSQy dominates over the production
channel via sCI (equation (4)). However, we camthéoconclusion that the calculation of [OH] with
equation (4) should be possible for the whole day\ae have added our arguments to Section 2.4. In
addition, the subscript “day” is not being usedraase.

(10) Line 339.. .. “by tentatively adopting thergacalibration constant for iodic acid AS sulfuaizid”



The change has been made:

“... by tentatively adopting the same calibration stamt for iodic acid as for sulfuric acid.”

(11) Line 367 . . . | believe the idea reportedioy authors that “iodic acid (and, if present, alp
also its clusters) can be detected with high sertgitiue to the high negative mass defect of tknre
atom” is inaccurate. Sensitivity is formally defthas the change in instrument response with regpect
a change in some amount of analyte. The sensitfithe CIMS measurement to any compound is a
function of the ionization chemistry and ion tramssion through the instrument. What the authors are
describing here is the one of the reasons why étidization is a valued as an ionization method in
CIMS measurements. The high negative mass defewidofe produces a characteristic pattern of
appearance in the mass spectrum which is usefuh Wwiggng to unambiguously identify peaks when
performing high resolution peak fitting, but thesature doesn’t have any reflection on the sentsitofi

this particular CIMS measurement to iodic acidh# authors are measuring the concentrations af iod
acid that they estimate to be measuring then aittdMS is probably particularly sensitive to some
iodine compounds, but the logic reported on ling, 3®elieve, is misleading.

We agree that the arguments at the end of Secttbar@ somewhat misleading. To clarify these we
have reformulated the relevant section (see beldhg.revised section should now explain better that
iodic acid can be unambiguously identified duetsosirong negative mass defect. However, the high
mass defect also contributes to a low detectioit lmcause there are essentially no other (isobaric
signals that can partly overlap with the one frawlic acid.

“Regarding the sensitivity of the CI-APi-TOF it cae said that iodic acid (and, if present, probably
also its clusters) can be detected with high sgitgit One aspect that helps in unambiguously
identifying iodic acid is the high negative masgedeof the iodine atomAfn= -0.1 Th). Furthermore,
this also contributes to the low detection limit flois compound because generally there will ncire
overlapping signals from other substances haviegsime integer mass (mass resolving power of the
instrument is ~4000 Th/Th, i.e. miz 175 the peak width at half maximum is ~0.04 Thje Tnethod
introduced here therefore allows high-sensitivitgasurement of [HIg) as well as the estimation of
[OIQO] with the help of equation (5) in future stadi The lowest detectable concentrations should be
around %10* molecule cri, or better, for [HIG] and 5¢10° molecule cni for [OlI0] when assuming
the same calibration constant for Hi&s for HSQ, and considering the lowest iodine signal from Fig.
3"

(12) Line 375 . . . “the same calibration consfaniodic acid AS sulfuric acid”

Has been changed (see comment above).

Additional changes made:

* Fig. 3, Fig. 5, and Fig. 8: x-axis has been chargesthow actual times and not seconds.

e Section 3.6: the explanation for the formation naaism of NDMA was revised because it is
not via a gas-phase reaction between DMA and HOR&Dead DMA reacts with OH and NO;
the references Pitts et al. (1978), Glasson (18nd) Grosjean (1991) were replaced by the
reference to Nielsen, Herrmann and Weller 2012)
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