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Design of a new multi-phase experimental simulation chamber for atmospheric
photosmog, aerosol and cloud chemistry research by J Wang, J.-F. Doussin, S. Perrier, E.
Perraudin, Y. Katrib, E. Pangui, and B. Picquet-kéat

We would like to thank all the reviewers for theefal evaluation of the paper, for the quality
of their comments and for their support. In orderirnprove the scientific quality of the
manuscript, we have tried to consider all the comtsiesome data have been carefully
reanalyzed, some additional model runs have beetedaut and whenever possible some
additional experiments or tests have been performed

The reviewers have also expressed their interestuminstruments by suggesting a few
dedicated studies, any of which could be the stilpéca specific paper in itself. These
suggestions are highly appreciated and we keep #sgohan for future work.

Indeed, the full characterization of such a compéexlity can not fit within the scope and the
requirements of a single article. For the preseitia we want to focus our communication
on the description and the choice of the desigertai of the new chamber as well as the first
test and qualification studies.

The questions, comments and suggestions of theidudil reviewers are addressed below.
Answers are reported italic characters.
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General Comments

Atmospheric simulation chambers have a very importale to play in elucidating many
aspects of atmospheric chemistry and in the vatidadf field equipment. A wide variety of
types of chamber exist each with their own advasgagnd disadvantages. In addition to
references cited in this paper, the referee hasntlgcpublished a brief review of role of
chambers in gas phase chemistry (Seakins 2010)s T€hirent paper describes the
construction and validation of a new chamber wtsbbuld provide novel information and
fills an important ‘gap in the market’ of chambers.

The stainless steel construction allows for a wideiety of temperature and pressure
variation which in combination with a focus on nipittase capability provides an important
new resource to the community.

The paper provides a detailed description of thestaction of the chamber, characterization
of physical properties such as wall-loss ratesraddation fields and validation via studies of
well characterized gas phase and multiphase systems

Specific Comments

1) Temperature control — a major advantage in thestcuction of metal chambers is the
potential for temperature control. This is mentiwn@ the description of the chamber
construction (e.g. p 322), but there is no disarsabout the performance of the temperature
control in Section 4. Have temperature controllgdegiments been carried out? | would be
interested in seeing the performance in terms @futhiformity of the temperature within the
chamber. A significant chiller unit would be recedt

One possible concern is that the description irsghet there is just one continuous volume —
this could mean that the residence time of thembéuid is quite long and there could be the

potential for temperature gradients to be formemn& temperature controlled chambers have
multiple circuits to avoid this problem.

Indeed, the body of the chamber has been desigaedllow the circulation of a
cooling/warming thermofluid. In short, this meahsattit comprises a double wall. For each
section of the chamber, this double wall is dividetb two independent volumes which
comprise internal walls to avoid short-tracks areservoirs, and to force the thermofluid to
meander around the reactor. Clearly this createvesal possible pathways for the
thermofluid. Fluid circulation modeling is curreptbeing carried out, to determine the best
pathway with respect to temperature homogeneityspatific experiments will be performed
to verify the validity of these calculations.



The chiller unit we are acquiring is a 10 kW cooldnich exhibit a flow rate in the range of
100 L/min. This should provide a residence timé& afinute or better. Clearly tests are still
on-going and this is why no additional informatignprovided in this paper. The description
of the performance of the cooling/warming systethtiagrefore be published at a later stage.

2) Wall loss rates — Wall loss rates for ozoneeatt 3-1 seem to be quite high, although the
authors do note that this is dependent on the efatee walls. Extended treatment with 100
ppm ozone may of course cause damage to matersfsinents inside the chamber. Have
wall loss rates been measured for other species?

Additional information concerning other chemicalgl as VOC are now given in Table 5. In
general wall losses for these species are quitdlsand can be determined — at least for the
reactants — from the initial part of the experingnite. before any irradiation or oxidant

injection.

No damage on the material or instruments has beditced so far with the ozone treatment
while the Vaisala humidity gauge must be removeith éiane prior the treatment to prevent

any reaction between the polymer fiber of the seasd ozone which could lead to extended
de-calibration.

3) FTIR analysis — FTIR is the primary technique fwonitoring hydrocarbons. Is there any
particular reason why there is no conventional @@ability? Possibly this is planned for the
future. FTIR analysis of multi-component mixtures relatively complex and a little
information on the method of spectral deconvolutiod analysis might be helpful.

FTIR in-situ analysis is clearly one of the bagols to probe the reacting mixture in the
chamber because

= it does not induce any additional dilution of thexture (no extractive sampling)

= it often provides non-ambiguous identification bé tdetected compounds thank to
their IR fingerprints

= jtis often very useful for the (inter-)calibratiaf other instruments

Nevertheless it is true that its detection limbri@nonly in the ppb range) is somewhat high
especially when aerosol studies are forecasted Qag#issy et al, 2008 for example). This is
why a “classic GC-FID” system has been recentlytatied and an on-line mass spectrometer
directly connected to the chamber is currently urdks/elopment.

Additional information concerning the methods usadthe spectra deconvolution are now
given in section 3.2.2.

4) NOx-Propene Experiments — The role of incidert#®NO in OH formation is an
important one in chamber experiments and it is googee that HONO measurement will be
available for future experiments. It would be helptfo slightly expand the discussion on
HONO/initiation times to give a feel of the senstiy of the system to HONO and the role of
HONO generated OH as opposed to other sources oftld$ishould be available from the
MCM simulation). Clearly the reader and authors ttarhave confidence that all important
sources of OH are well characterized.

Additional runs have been set up with an initiahcentration increased by 50% on one hand
and decreased by 50%, on the other hand. The seav#t shown on the Figure 8. It shows
that, in the case of the chosen experiment, thi@litiONO load is the main parameter which



determines the propene oxidation rate. These obtiens support strongly the need for
precise nitrous measurements.

The use of numerical tracers inserted in the chahmeechanisms allowed to us to quantify
the various OH source. The relative importanceheke sources is now discussed in the text.

Technical Corrections

P317 — Worth referencing the most recent IPCC tepoterms of role of O3 in climate
change.

Correction has been made

P319 Except FOR the AIDA chamber....
Correction has been made

P321 Close bracket around reference to Eurocharpitee
Correction has been made

P322 ...double layers which allow circulating....
Correction has been made

P323 Re-word description of pumping set up (linds8®
Correction has been made

P324 3 Basic analytical equipment
Correction has been made

P326 line 17 multi-pass cell. Do you have any mtdte coating on the mirrors? Another
alternative is to have a sheath of inert gas blgvwwmfront of the mirrors. Given that gas is
always being taken from the chamber, it might betkvimtroducing the make-up gas in front
of the mirrors.

The coating on the gold mirrors has been the sulggspecial thermal treatments to improve
its resistance to chemical aggression and is ddfee“hard gold protected”. It is difficult to
get information about this treatment as it is podéel as a trade secret. Nonetheless, its
efficiency with respect to oxidizing agent is rekadnle. As an example, in the past fifteen
years only two re-coatings have been necessarii@multiple pass cell installed in the other
simulation chamber operated in our group to maintdiup to its initial performances (see
Doussin et al, 1997).

Nevertheless, the possibility of introducing thekenap gas in front of the mirror sound very
interesting especially for systems where a verjrhigrror reflectivity is required (such as
cavity devices for example).



P327 What is the temporal resolution with which plas can be taken for subsequent HPLC
analysis? A sample volume of 100 L is not insigmifit in either the time taken or compared
to the volume of the chamber if several samplesabe taken.

100 L can be collected in approximately 20 minyesigher flow rate would lower the
collection efficiency). This can be useful for lageriments but indeed this time resolution
must be improved for shorter experiments and/ohave the possibility to increase the
number of samples during the same chamber run.

P332 (and elsewhere) superscripts in electroniestion’t always work out.
Corrections have been made

P335 wiping
Correction has been made

P340 Remove HCOOH from the list of compounds forcWithere is good agreement.
Correction has been made

P343 ...using a SMPS, the data from which weresathecked....
Correction has been made

Table 2 — | understood Table 2 to be related tortteng times at various fan speeds.
However, fan speed is not mentioned in this table.

Fan speed is a parameter which is not really easgdtermine. It would require the use of
specific instrument and would not be really infotiva to any of the readers as the relation
between the speed and the mixing rate is highlgidgnt on the fan design. Table 2 intends
to give an idea of the relation between the variaosessible mixing times and the average
gas speed which can be of interest for future logiemeous studies. Again, fluid dynamic
calculations are planned in the near future busttepresents a whole study in itself which we
believe to be too specific to be given here.

Figure 5 — Would be helpful to label each disk with actual distance from the lamps.
Correction has been made

Seakins, P. W. (2010). "A brief review of the ugesnvironmental chambers for gas phase
studies of kinetics, chemical mechanisms and cheniaation of field instruments.” The
European Physical Journal, Web of Conferences 3:168.

This reference has now been added to the refeleice
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General Comments

This paper describes a new chamber that has beeloged for studies of atmospheric
chemistry and clouds. The authors describe in Iddtai design of the chamber and the
instruments available for physical and chemical sneaments of gases and particles, and also
the studies they have carried out to evaluate etfopmance. The evaluation includes the
irradiation used for photolysis, mixing timescalésmperature, pressure, and RH range,
flushing and filling behavior, cleaning proceduresyticle wall loss, cloud formation, and
comparisons of results obtained in this system witters for well-studied photochemical and
SOA systems.

This is a wonderful system and the design and atialu have been carefully and

thoughtfully preformed. | am sure that much good aseful data will be obtained from

future studies carried out here. The manuscripery well written and it contains necessary
and appropriate references and figures. | thirdh@uld be published in ACP, although | have
a few comments for the authors to consider.

Specific Comments

1. Page 334, Section 4.3. Cleaning procedure:elsdte of removal of wall contaminants by
molecular diffusion under vacuum faster than bgliilag with clean air? What about heating
to increase evaporation from the walls?

It is difficult to answer this question becausepto best knowledge, such a comparison has
not been reported so far in the literature and hesmthe physics of the removal is clearly
strongly different in both procedures. If one coess only the partial pressure of potential
contaminants above the adsorbing surfaces, theuwraawached in the chamber in less than
one hour allows us to reduce it by a factor gredten 16. Such a dilution factor is clearly
difficult to obtain by flushing the chamber whilkist latter procedure may be further
enhanced by matrix effect.

Evacuation has also the great advantage to redheeoperating cost by minimizing the need
of clean air supply. A key point is to increase tthe of evaporation from the wall. Heating

the wall is, indeed, a solution which has been shtmbe efficient (Akimoto et al, 1979). This
is why the cooling system under development vat arovide the possibility to heat the walls
up to 60°C.

2. Page 342, Section 4.5.1. Aerosol particle bamkgl: | think an additional test of
background that is probably more important thanoine performed here would be to measure
the amount of SOA formed when NOX is present aeditihts are turned on, or OH radicals
are formed by some other means, all in the presehaeseed such as ammonium sulfate. Of
course the result can depend on chamber histotythizuis what really matters for an SOA
study.



Many other chemical systems which are consideretaasforming aerosol have already
been studied in the chamber in the past monthswvitd SMPS was also in use. They includes
photolysis of NOx alone in various NO/pN@atio (some are reported in this paper),
photolysis of light VOC such as propene of formiaydie in the presence of NOx. In none of
these cases, unexpected SOA formation was detected.

Following the reviewer request, additional expenmseinvolving the photolysis of NOx (ca.
200 ppbV) in the presence of ammonium sulphatesseade been carried out. The initial
aerosol loading has been kept low (cau@m?®) in order to have a sufficiently low relative
uncertainties to detect a possible SOA productiosecto the detection limit values. No SOA
production was detected for irradiation period inetrange of five hours. Considering the
uncertainties associated with the dilution rate sw@@ments and the noise in the SMPS
measurement, an upper limit for a background SQ#pction can be estimated in the range
of <0.01g.m?,

These results are now mentioned in the revisedoreod the paper.

3. Page 346-347, Section 4.5.3. Particle lifetilmsuggest the authors read the papers by
Crump & Seinfeld, J. Aerosol Sci. 12: 405-415 (19&rump, Flagan, & Seinfeld, Aerosol
Sci. Technol. 2:303-309 (1983); and McMurry and &ad\erosol Sci. Technol. 4:249-268
(1985). They describe measurements and modelinaniicle wall losses in chambers with
and without electrostatic effects. Comparison eirtihesults with those presented here would
be useful.

We have carefully studied the papers indicatededsrences (as well as the relevant sections
in Seinfeld and Pandis, 2006 and in Friedlander7 20 This reading was highly informative
and very relevant for a better determination of #eeosol wall losses in our chamber. Crump
et al and McMurry et al have used a methodologyciviailows a precise determination of the
wall losses in reactors as a function of the pdeScdiameters by a continuous injection of
monodisperse aerosols and by monitoring the stassalg- number-concentration. This
methodology is really efficient as it allows theeuto deconvolute the dilution term and the
loss term from the coagulation term by using appeip monodisperse coagulation
coefficients.

Considering the size of our chamber, the low le¥elall losses and the flow rate limitation
of the usual monodisperse aerosol production seitup not really possible, in our case, to
adopt this methodology due to the time neededachréhe steady state. We have considered
the possibility to work in static condition, stagi with a monodisperse aerosol and
monitoring its loss. Again, the time needed to ificantly seed the chamber was considered
too long with respect to coagulation. Clearly, timtist be improved in the near future and
specific experiments should be organized.

Nevertheless, we have tried to apply the approaopgsed by Crump, Flagan and Seinfeld,
1983 to polydisperse aerosol experiment.

For each bins of each size distribution acquirethwime, we have considered the following
kinetic equation

d(c(t)) [ Qe - C(t))} ~[Bre(t)]-[K )T, )]

dt \%



Where V is the chamber volume, Q the volumetrig fed to the chamber,ifow the aerosol
concentration of the inflow (in our case this parder is nil), C the aerosol number
concentration of the considered bjfithe particle loss rate (in™§, K one half of the value of
the monodisperse coagulation coefficient for anoaet of the considered size (in tst),
and G the total aerosol number concentration.

In this expression, the first bracket represents ¢beding/dilution term, the second gives the
wall loss while the third describes the coagulatierm.

Practically, the differential was approximated bglaulating the difference between two
successive measurements. The time step betweemeasbrement was 135 seconds.

The K values were taken from Seinfeld and Pan0i86 2nd interpolated from each bin mid-
size value.

The total number concentration for each time stap then approximated with
A
C(t):C(t—dt)+ﬁmt
At
The calculated number concentration versus timeveuwas then compared with the

experimental. The calculus was initialized with éhgperimental size distribution taken after
the end of the secondary aerosol production.
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Figure 1 : Experimental and calculated number concentration. Various aerosol loss coefficient 8 were used.
Reference g function was taken from Mc Murry and Rader, 1985 as calculated by these authors for a non
charged aerosol, a reactor radius equal to 35 cm and a k. value equal to 6.4x10° s™.



As it can be seen on Figure 1, experimental andutaled number concentrations are in
good agreement when th distribution calculated by McMurry and Rader ( far non
charged aerosol, a reactor radius equal to 35 cnd ank value equal to 6.4x10s" ) is
divided by 2.5 (see figure 2).
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Figure 2: Bdistribution as calculated by McMurry and Rader for a non charged aerosol, a k. value equal to
6.4x10° s* and R=35 cm (black) and for R=88 cm .

This result sounds reasonable as the reactor censdl by these authors has a radius 2.5
smaller than the CESAM chamber.

Nevertheless, in spite of this agreement, thessulzlons must be taken with great care as
they may suffer from many approximations:

i) The first and probably the greatest approximatiely on the use of the monodisperse
coagulation coefficient. As pointed out by Seinfaldd Pandis, 2006, monodisperse
coagulation coefficients are the smallest valueshef coagulation coefficient which tend to
rise rapidly when cross-coagulations between plasiof different size are considered. This
increase could be up to two orders of magnitudey Ander-estimation of the coagulation
would lead to an over-estimation of the wall ldesconsequence, th8values estimated here
are probably upper limits.

i) The second major uncertainty is the coefficieheddy diffusivity & Crump and Seinfeld
have demonstrated that this key parameter coulddbienated from the volumetric flow rate.
In our case the flow rate which is due to the samgpby both gas monitor and SMPS is very
small in comparison with the chamber volume. Furtie, the CESAM chamber was
continuously stirred with the help of an internaipeller. In consequence, in the absence of
specific experimental involving some changes inettierimental device (e.g. to monitor fan
speed and/or the fan electrical consumption), acigee evaluation of this parameter is not
accessible.



In short, these calculations have brought to uggy \nteresting insight in the physics of the
aerosol losses in the CESAM chamber. It has shbanaerosol loss parametef)(falls in

the range of few 10s* or better. This observation helps in rationalizithg very low aerosol
loss observed when mass concentration as a funofieime are considered. This has been
mentioned in the revised manuscript. Nevertheteégsabove discussion has not been entirely
reported in the paper as we believe that so fas thiportant matter required more robust
calculations and certainly dedicated experiments.

4. In my opinion the authors have missed an extebpportunity to evaluate an important
property of their chamber, which is the loss of seatatile organics to the chamber walls. It
has recently been shown by Matsunaga & ZiemanmsaiSci. Technol. 44: 881-892 (2010),
that semi-volatile organics absorb into Teflon chamwalls and establish gas-particle
partitioning equilibrium fairly rapidly. The fracn that absorbs can be substantial (>50%)
and is likely to affect chamber measurements. luldide very interesting to determine the
degree to which sorption occurs on the stainlesal stalls of this chamber. If, for example,
the walls can be passivated by the adsorptionmbaolayer or so of organics, then it might
be possible to operate this chamber in such a hatywall losses of semi-volatiles are much
smaller than in Teflon chambers. This would beeagadvantage.

The paper from Matsunaga and Ziemann, 2010 is mh@s@remely interesting and highlights
some potential artifacts arising from the use ofiudation chamber to derive SOA yield.
Clearly, it will be necessary to verify if thesadings must be generalized to all type of
chamber or not.

Nevertheless, we believe that investigating thdutitthese phenomena requires a whole set
of experiments and is a study in itself which cardly be inserted in this paper which is
already quite long.

Technical Corrections

1. Throughout the text: “dependant” should be “chejsat”.
Corrections have been made

2. Table 7: “Pasadena” should probably be “Caltech”
Correction has been made

10



Answersto Reviewer #3

Anonymous Referee #3
Received and published: 13 March 2011

Comments for the paper: Design of a new multi-preageerimental simulation chamber for
atmospheric photosmog, aerosol and cloud chemissgarch J. Wangl.-F. Doussin S.
Perrier, E. Perraudin, Y. Katrib, E. Pangui, andPEBquet-Varrault

This paper describes the setup and the featurea néw simulation chamber for the
investigation of atmospheric processes in the asgand aerosol / cloud phase.

The main feature, which distinguish this chambemfrexisting ones are the pressure and
temperature variability together with an artificiigiht source.. The paper is well written and it
describes first test measurements, which shouldvstiee versatile possible usage. |
recommend this paper for publication in AMT aftexking the following comments /
guestions into account:

1. As a simulation chamber of atmospheric procegsesmportant to be able to adjust the
concentration of atmospheric trace constituenthea natural level, this is correctly pointed
out in the paper) though the test experiments amnged out at very large concentrations given
in table 5) which seem for most atmospheric situatinrealistic and some / most? of the
analysis equipment seems to have not the necedesegtion limit for real atmospheric
concentration levels (like NO, NOFTIR ..). Some explanation and adjustment of the
purpose of the new chamber should be given.

It is only partially true to consider that most thfe analytical equipment has not suitable
detection limits for atmospheric level. For exampg¥Ox monitor, ozone monitor, SMPS,
OPC which are permanently installed on the CESAEhdber are exactly the same as those
deployed on the field during research campaignbyoair quality monitoring networks.

Nonetheless, it is true that the equipment deditaie/OCs measurement the detection limits
are often too low to compare with real atmosphéels.

The test experiments have been carried out at ewratens which are also higher than

those found in the real atmosphere. Nevertheld®s, must be compared with most of the
chamber experiments carried out all around the waathd they fall in the concentration

range of most of simulation chamber runs. This teneasily explained by analytical

difficulties due to detection limits or limited spling possibilities. This can be also explained
by the fact that experimental simulation does moistst in a close reproduction of reality but
more in the implementation of experiments susdeptib produce results that can be

extrapolated to atmospheric conditions. For examfile major part of the knowledge which
is implemented in atmospheric models has been rembtsti on the basis of experiment
conducted in the ppm range.

Nevertheless, the possibility for relevant extrapioh is now critically reduced with the
growing importance of multiphase studies which im@dhe intrinsic non-linearity of phase
changes. This has been recently illustrated by Baplet al, 2008.
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This is why in the near future the improvementhef analytical environment of the CESAM
chamber with respect to VOC measurements is planned

2. It seems, but it is not clearly stated in thenpretation of the test experiments, is the mass
balance during the NOx and the propene experinabgged or what are the processes which
consume substances (for example NOx) and how rapilalé those processes are. Because
these are essential features for future investigatii would recommend to explain these

features explicitly and in detail.

In the Propene/NOx/light experiments, after corictfor dilution, C balance is obeyed
within £7%. No evidence of any systematic sigaificloss can be detected which is further
confirmed by the good agreement with the simulatedes when no loss processes are added
in the model for carbon-containing species. Amdrggrton-monitored species, one count CO
and CQ which are difficult to monitor with FTIR spectragry due to atmospheric
interferences. This shows that at the considereactien advancement, CO and €O
production is certainly small with respect to tindial propene load.

For the nitrogen balance, a clear loss can be detas at the end of the shown experiment
only 87+ 2% remains detected.

In simulation chamber experiment negative massneaaenerally arise from two possible
distinct causes: i) Insufficient capabilities ofethanalytical instruments which leave
“invisible” a part of the products ii) Heterogenas processes that draw the materials “out
of sight” (generally to the wall)

Both reasons can be invoked to explain the N loss:

*= In such a chemical system one of the major lossga® for nitrogen oxide is HNO
production (through OH + N@reaction for example) and HNGs well known as a
“sticky” compound for surfaces. Hence most of thiteigacid produced escape from
FTIR detection as it is scavenged from the gas ebgsvall adsorption.

= Furthermore, reactions 7 and 8 which are heterogeiseare not equilibrated in
nitrogen as neitherr + S nor o + )y are equal to unity. This means that the auxiliary
mechanism which have been defined by the NOxAigiriment imply intrinsically
an nitrogen oxide loss
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Figure 3: Carbon and nitrogen balances as a function of time during propene/NOx/light experiment.
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Answersto Reviewer #4

Anonymous Referee #4
Received and published: 14 March 2011
Design of a new multi-phase experimental simulatibamber.

The paper describes the design and initial chaiiaaten of a new stainless steel chamber at
LISA that is designed to study gas phase, aerosdl doud chemistry under carefully
controlled conditions, with a wide range of analgtiequipment for physical and aerosol
characteristics, and gas phase and aerosol congmosithe chamber provides a distinctive
environment capable of covering a range of tempezatand pressures. It has the potential to
become a major contributor the development of auteustanding of atmospheric processes.
The paper should be published, subject to a fewomthanges. Some suggestions for such
changes are made below:

1. A consequence of the choice of xenon arc lamvpgh, when coupled with pyrex filters
provide a good representation of the solar spegctignthe inevitable variation in light
intensity within the chamber. This problem is dssed in section 4.3, which states that there
is a factor of 5 variation in intensity. Figure &esns to indicate a much larger variation, of
more than a factor of 10. This problem is addressedapid mixing, but the discussion in
section 4.3 is not very clear on the impact of ititensity variation on experiments (p334, |
14-18). It would be helpful if the Supplementaryteral contained results of simulations
showing, for example, the variation in [OH] in tbbamber for a range of accessible fan
speeds and photolysis rates, using the model descin section 4.1, to help quantify the
statement on p334 about the required photolyses fiat significant impact of the intensity
variation.

Figure 5 has been built by horizontally interpotegi the upward and downward
measurements performed thank to a network of praded. For each level, 18 points have
be sampled which makes in total 162 measurementsrtunately, the closest measurements
from the wall have been performed 15 cm away fitoffine values near the wall have hence
been largely extrapolated by the graphing softw&ensidering the difficulty of representing
irradiances near a reflective surface (which caeatly not be linearly extrapolated) this
region has been excluded from our analysis, thiwhy only a factor of 5 is stated in the
article. The extrapolation area is now indicated figure 5. Considering this approximation,
this figure must be considered more as an illugtrabf the lighting inhomogeneity than a
guantitative measurement.

In any case, for quantitative irradiation qualifitan, overall photolysis frequencies
determination is always performed by mean of chahaicalysis.

The statement which claim that “the impact of ingttbn inhomogeneity can be considered
negligible for a photochemical reaction whose phgatis frequency is smaller than 1@

is simply based on the comparison of characterisitites: considering the fact that the
characteristic mixing time over the whole chamber6D s and that low irradiance area
covers only a fraction of the overall volume, thHee@ of inhomogeneity on a photolytic
process which exhibit a characteristic time appnoaiely two time longer should be limited.

Nevertheless, even if in the atmosphere, theretism many photolysis processes faster than
this, we agree on the fact that this statement lshio& strengthen and that modeling could be
one of the promising strategy to assess the implaphotolysis frequencies variation within
the chamber volume. Unfortunately, coupling ouringdmodel with a chemical code is still a
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work which overcomes our calculation capabilitiegedo the number of cells which needs to
be defined to carefully describe the shape of therber. A computational fluid dynamics
model (CFD) coupled with chemical transformatiomlicbalso be a promising approach.

Another approach could be the measurement of réglit@emselves at various locations
inside the chamber. Of course, this is directlyatefant of radical measurement capabilities.

We agree that such assessment of the impact dfitigbmogeneity will be necessary when
fast radical chemistry kinetic studies will be dad out in the CESAM chamber and that it
will have to be reported together with the relagtddy as a validation test.

2. The investigation of wall reactions is quiteited. There is no systematic study of intensity
or relative humidity dependence, which has beerwshm the SAPHIR and EUPHORE
chambers to be significant.

While a full analysis is beyond the scope of thégpgr, some indication of future plans to
characterize these reactions more fully and of glened protocol to investigate such
reactions as a function of date and chamber camditi since they depend on the history of
the chamber usage — would be reassuring.

Indeed the peculiarity of the behavior of NOx tosvdne chamber (its reductive nature)
requires further investigation not only becausenpact the dynamics of the photo-oxidant in
the chamber but also because it is one of the feattnich supports the complementarity of
this new chamber with other existing devices (ngastidative chambers). It is hence planned
to further characterize the wall reactions as adtion of the relative humidity in the dark and
under irradiation with a systematic monitoring oD O concentration.

Before each experiment when data analysis requimexleling of the photo-oxidative
chemistry, a NOx/light experiments is regularly @docted to determine the parameters of the
auxiliary mechanism. Recent improvements in the pmgnsystem allow now to leave
permanently the chamber under secondary vacuumeeetwall the experiments. This new
capability seems to minimize the impact of chanhiisory on the wall reaction and leads to
a lower variability of the related parameters.

3. The agreement between the measured and modelecentrations in the propene
experiment is very impressive. It would be even enaonvincing, though, if similar
comparisons, over the range of conditions usede wleown in the Supplementary Material. It
would also be helpful if more mechanistic inforroatiwere provided: The paper states that
OH and Q contribute to the propene decay. Presumably timadbis the more important. It
would be useful to know the [OH] calculated in MMEM simulations, and the reactions that
lead to OH formation, throughout the experiments.

These calculations have been done and are preseantadure 9.

Presumably [HONQJ] is a major determinant in the initial OH formatiamd this is an
adjusted parameter. How important is it throughthg experiments? It is implied that
separate values were used for each experiment. Wératthey? A HONO instrument is now
available — are the [HONO] required compatible wygresent observations? Given the
established yields of HCHO and gEHO from propene oxidation, what are the sensitive
model parameters for the species shown in Fig 8emonstrating a satisfactory evaluation of
the chamber chemistry, it is important to establisit the adjusted [HON@]s not the pre-
eminently sensitive parameter.
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Additional runs have been set up with an initiahcentration increased by 50% on one hand
and decreased by 50%, on the other hand. The seauvdt shown on the Figure 8. It shows
that in the case of the chosen experiment, thelititONO load is the main parameter which
determines the propene oxidation rate. It must bcad that combining its effect on the
propene curves with those on NO, N&hd ozone, this parameter is really sensitive tad
there are little doubts on its value. These obsma support strongly the need for precise
nitrous measurements.

There are a number of smaller suggested corrections

P323, 16. ? Change to ‘..and prevents any low ...ptromp affecting the ..’
Correction has been made

P323,110. Change ‘adjunction’ to ‘use’
Correction has been made

P326 117, should be ‘globar’
Correction has been made

P327, 11 should be ‘relatively’
Correction has been made

P331, 110. ? Change to ‘ that the dynamics areghiyb...’
Correction has been made

P331, 120. ? Change to ‘due to changes in thelzanigle’
Correction has been made

P332 and subsequently. The atomic term symbolsvesagly formatted — should be O(3P)
etc. J(O3) is ambiguous and should be J(O(1D)nare conventionally J(O1D)

Correction has been made

P333, I12. Change isotropous to isotropic.
Correction has been made

P333, 110, 12. Should be Table 3.
Correction has been made

P333, 127. Change to ‘greater than 70% ...which eyel..’
Correction has been made

P336, 125. Is the [HONOY] increase really slowemthize [NQ] increase?
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Clearly, it can be seen that from Figure 6 that \d@crease in the dark falls in the range of
5x10" molecule.cii within one hour while in the same time the HONExréase is roughly
2x10° molecule.c. This fact is also depicted by the value of tieeahiometric coefficient
[ factor in the reaction 7.

P373, Fig 3. The axis units are not really compatiith the numbers — better to omit the 00:.
Correction has been made
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