The comments from referee #1 are in blue, and our replies are in black. The major

changesto the manuscriptsare highlighted in red in both the manuscript and thisreply.

The research carried out on the uptake of N205 i@ Twas done very systematically and the
manuscript is well written. The manuscript desailiee determination of the uptake coefficient of
N205 on TiO2 particles at room temperature forftret time. Since the refractive index of TiO2 is
more than 60% greater than that of H2SO4 partiahesn light scattering particles in the stratosgher
it requires much less amount to inject into thetesphere to reduce the global warming. Unlike
H2S04, TiO2 would not presumably activate chlonmmeduction to cause ozone-destructing chain
reaction. Consequently, it would increase strategsplozone, thereby lowering photolysis rates & th
troposphere and increases in N20O5 concentration.

I have only some minor comments:

Reply: We appreciate the very positive comments fromreefétl, and would like to thank him/her

for the recommendation of publishing our manuscript

1. page 4424, para 1: How much TiO2 has to betiejemto the stratosphere to have a perceptible
impact?

Reply: The referee has raised a good question, thoughnidt easy to define “a perceptible effect”.
The use of TiQ for SRM requires a factor of ~3 less in mass camghdo sulfate. Since in this
manuscript we always use the eruption of Mt. Pibatas a reference, at the end of this paragraph we
have added a sentence in order to give an iddaecdrmount of Ti@needed: f'e., only 10 Tg TiQ

particles are needed (Pope et al., 2012)

2. What are other pathways for N205 loss on TiGihtjust hydrolysis? Is it possible to have NO2
produced as a result of the uptake? In such atisityavhat would be the impact in terms of ozone

depletion?



Reply: We believe that the uptake ob®% onto TiQ only leads to the formation of nitric acid and
nitrate on the particles, according to previouslists on the heterogeneous reaction gd\with
mineral particles. To make it clearer, we have ddulge sentence to the last paragraph in page 4425:
“Seiselet al. (2005) observed the formation of nitrate on mih€dtsst particles due to the uptake of
N,Os using diffuse reflectance FTIR, and Tasi@l. (2012) further confirmed that the yield of nitrate

is ~2 (as expected from R1) within the experimentatertainty, and that the formation of N{3

negligible'.

3. page 4430, lines 15-24: This assumption is dfine relative scale. However, one N205 does not
give one NO2 and one NO3. There is always someabs©3 to give NO2 + O2.

Reply: We do not quite agree with the referee. In fait ih a well-established method to measure
N,Os. At the end of this paragraph we have added aseatto explain it: This scheme has been
suggested as an absolute method to calibrate Nta®krdetection methods (e.g. CIMS) (Fahey et al.,
1985), and is widely used to study the heterogemeeactions of pDs with aerosol particles (e.g.,

Wagner et al., 2008).

4. Page 4434, line 10- 25: It is good to see ailddtaand rigorous of the diffusion correction.
However, diffusion correction for small uptake da@ént values is negligible.

Reply: As the referee points out, the diffusion corrattie negligible because of the small uptake
coefficients determined in our study. We preferkeep the detailed description of the rigorous
correction method, because the new aerosol flow imnlthe Cambridge lab is described here for the

first time here.

Page 4438, line 13: “P25” should be “P2.5”

Reply: This is not a typo. It is the type of TiQvhich we used for our study of “P25".



This paper is by no means a complete study aseambiotit by authors regarding the photocatalytic
activity of TiO2. However, it did a comprehensiveperiment and discussion of the results on the
uptake of N20O5 on TiO2 particles.

Reply: We appreciate the very positive comments fronréfieree. Indeed as he/she says, this is not a
complete study regarding the potential chemistryi@f, particles under stratospheric conditions. We
have added two sentences in line 17 of page 444etaiscussion, highlighting the importance of
heterogeneous chlorine activatiofeéterogeneous chlorine activation is not includethe modeling
work because of the lack of reliable kinetics ddathe uptake of CIONO2 onto airborne mineral
particles is under investigation in an ongoing gtuehd new laboratory data will be included in the

model to assess the effect of heterogeneous chlagtivation on stratospherig (@ future work.

Page 4441, line 29 (last line): “feebacks” showddfeedbacks”.

Reply: Thank you, the typo was corrected.

This manuscript should be accepted after addressiag minor points.
Reply: We would like to thank the referee for his/her coemts and support of publishing our

manuscript.
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The comments from the editor (also referee #2) arein blue, and our repliesarein black.
The major changes to the manuscripts are highlighted in red in both the manuscript

and thisreply.

Thank your for your contribution to ACP. Unfortuabt one Referee did not submit a report in time,
so | provide a quick review to substitute a repbrone Referee.

The manuscript describes the uptake of N205 to TH&®sol and the impact of this on stratospheric
N205 and ozone budgets. Such studies are highlgvaet and needed to understand the
consequences of recently proposed approachesasfragliation management. The study is carefully
done and analysed, conclusions are well justifretilamitations are highlighted. Even though it & n

a complete study, | accept this manuscript for jgakibn in ACP after some minor changes.

Reply: We would like to thank the editor for his time sp®n our manuscript, and his positive

comments.

There are three main aspects that | ask you taissio more detail: * Could you give more details o
the humidity and temperature conditions in thetssjghere for the altitude that shows highest TiO2
concentrations after injection. This would help teader to relate your experimental study to the
relevant environmental conditions. | feel that eatly the relevance of the experimental settings is
addressed rather late in the manuscript and trderdaeps wondering why you did experiments at
RT and whether or not the RH are appropriate fersthatosphere.

Reply: It is a very good point. In the last paragraphPaige 4425 (ACPD) we have added a few
sentences to explain itWe note that in lower stratosphere the typical ®mapre and RH ranges are
200-220 K and <40 %, respectively (Dee et al., 200hile our experimental work covers the RH
range relevant for the stratosphere, it has begredaout at room temperature instead of ~200 K due

to experimental difficulties.



* You nicely show and discuss the dependence of N@ftake on relative humidity and conclude
that the water at the TiO2 surface is relevant.ehakat temperature is lower in the stratospheie th
at RT (where | assume the Goodman, 2001, data derieed); how would the water coverage look
like at stratospheric temperatures; is that known?

Reply: The surface coverage of,® depends first on relative humidity (RH), and m@ioly also
temperature; however, data at low temperature isamailable. At the end of section 3.2 we have
added a few sentences to explain Tthé surface coverage of water is determined by &td, is
probably also affected by temperature. However RRedependent water surface coverage has only

been investigated at room temperature but not uoder stratospheric conditions (200-220K).

* What is the effect of N20%> NO3 +NO2 equilibrium on your results. Removing NRRy uptake
might lead to re-formation from NO3 and NO2. Diduyby-pass the 100C reaction chamber
occasionally to observe changes in NO2?

Reply: The NOx analyzer used in this work could notafiéintiate NO2 and N205, because they both
(if the 100 °C reactor if bypassed) will be conedrin the catalytic convertor to NO which is then
measured by the chemiluminescence method. It is iwlhis work we use an indirect method to
measure N205 by measurement of the NO change.

The effect of this equilibrium on the N205 uptakeasurement has been discussed in details by
Tang et al. (2012). In the revised version we byidiscuss this effect at the end of section 3The'
recombination of N@with NO; (R4a) leads to the formation of additiongly, and the removal of
NO; by the aerosol and wall surface causes furtheovahof N.Os (R4b). Wagner et al. (2008) and
Tang et al. (2010) simulated the effects of thesactions on BDs uptake measurement, and

concluded that at room temperature the influencegigible”

Further, | hope you'll find the following detailecomments helpful: P4424 [15ff: Reword: This

implies a connection between low stratospheric ezomd decrease in surface temperature.



Reply: In the revised version we have revised it Thé eruption of Mt Pinatubo introduced an
additional 30 Tg of aerosols into the stratosph&hes increased aerosol loading resulted in surface
cooling and produced record low levels of stratesjghozone (Dutton and Christy, 1992; McCormick

et al., 1995}

P4428, 120 ff: Could you include some more detailsout the experimental set-up such as
concentration. What does "largely reduce NO2” neactly.

Reply: In L12-13, Page 4429 of the ACPD paper, we haangéd the sentence tolfis procedure
was found to largely reduce the Mithpurity which was not completely oxidized by &nd thus also
trapped in the cold finger at -7& during the BNOs synthesis. At the end of section 2.1.4, we have
added a sentence to give the N205 concentratiosh inseur study: The initial NbOs mixing ratios

used in in the flow tube were in the range of Ipthg.”

P 4430 110: Wagner described this synthesis filighy’'t they? Could you add a reference?

Reply: This scheme was developed by Fahey et al. (198%), our work largely followed that
described by Wagner et al. (2009). At the end df faragraph we have added a sentence to
acknowledge both studiesThis scheme has been suggested as an absolutednettalibrate other
N,Os detection methods (e.g., CIMS) (Fahey et al., 1986d is widely used to study the

heterogeneous reactions ofQy with aerosol particles (e.g., Wagner et al., 2008)

P4433 19: "The difference of kw measured before aftel introducing TiO2 aerosols in the AFT was
insignificant, indicating that the N205 wall los&d dhot change significantly during the uptake
experiment." How much did it change usually, cogdd specify.

Reply: The change is within the experimental uncertaintd/e have specified it in the revised

version: was within the experimental uncertainty associatgd k,, determinatiori.

P4433 115. It is not clear what "true loss rate’am®in this context, could you specify?



Reply: We have modified it in the revised versionthe direct derivation of loss rates from
exponential decays (e.g., Fig. 3) assumes the fdwg condition and no radical/axial diffusion.
However, under laminar flow conditions the flowrien-plug and axial and radical diffusion also
contribute to the apparent (or experimentally det)vioss of NOs; therefore, the true loss rate is

different from the apparent loss rdte.

P4433 1 18+19: Change to Author (year)

Reply: We have changed it tél6éw tube studies (e.g., Thornton et al., 2003)

P 4433 125: define gamma and gamma(eff) and gam«pp(e

Reply: In the ACPD paper we described the relation betwemdy.s. In the revised version we have
added a sentence to definbefore we give the equation (2):lfe rate of a heterogeneous reaction is
usually described by the uptake coefficientwhich is equal to the probability that a gas roole

which collides with the surface is removed from ¢fas phasé.

P4437110: Why "Another*?

Reply: We have changed it tahe'.

P4439124 | don’t understand this: ,“and this may éeesult of an overestimate of surface area
densities caused by extrapolation over the poles*

Reply: There are missing values in the observations tesednstruct the surface area density data set.
Over the poles the missing values in the datarsdfileed by extrapolating the closest values. Athw

all extrapolations this produces an element of dag#y, including spurious fluctuations. We have
changed this sentence tantd this may be a result of overestimating surtaea densities over the

poles where have no observational data constraint.



P4440I10: "Whilst we acknowledge that there ardtéitions to these simulations, most notably the
inclusion of only a single heterogeneous processhenTiO2, but also due to factors such as the
omission of the TiO2 aerosols from the photolysikwlation, we believe the qualitative conclusions

from them are valid." This sounds a little vagueuld you summarize why your believe this?

Reply: We have added a few sentences to explain furthére base this on our understanding of the
atmospheric response to the eruption of Mt. Pirmtudere the dominant factor on the global

stratospheric chemistry was the increased heteemgsnchemistry, with factors such as changes in
photolysis rates being secondary. However, furitadies are required on effects on changes in

photolysis before any definite conclusions candaehed.

P4441115: At what concentration did Molina 1997 dstuthe uptake? Are those atmospherically
relevant?

Reply: We have expanded this sentence to include moegisief Molina et al. (1997) in the revised
version:One previous study (Molina et al., 1997) investgithe uptake of CIONO2 (1-10 xiTorr)
onto aluminum oxide and Pyrex glass in the presefddCl (1-10 x1¢ Torr) at 210-220 K, and
suggested that this process is very efficient, \aithuptake coefficient of 0.02, which is >10 times

larger than that onto stratospheric sulfuric aeibaols.

P4442: What is QBC?

Reply: We have changed it t@Juasi-Biennial Oscillatich

P4445, Caption fig 4: could you add experimenttlrsgs?

Reply: Figure 4 presents the uptake coefficients measartds work, and experimental details were
given in the initial ACPD paper. Therefore we thitllat the editor asked for some experimental
details of Goodman et al. (2001). In the revisedioa we have changed “reported by Goodman et al.

(2001)” to "measured by Transmission FT-IR spectroscopy (Goodrhal., 2007T)



Section 3.1 and 3.2: What is the surface coverd0@5 and of H20? How important is the thermal
N205-NO2 equilibrium as source of uncertainties@ {u observe NO2 upon N205 uptake, or do
your data suggest that N205 is completely takefas HNO3) by the aerosol? Did this depend on
humidity?

Reply: 1) Surface coverage of,8 depends on RH, shown in Fig. 4 by citing the wairk;oodman

et al. (2001). BOs is converted to HNQafter uptake on the surface, so it may not hageréace
coverage.

2) The effect of this equilibrium is addressed jpravious reply to your comment.

3) Unfortunately the detection used in this worlesioot have selectivity towards N®lowever,
Tang et al. (2012) confirmed that the formationNg, in the NOs uptake is negligible. In the last
paragraph of Page 4425 (ACPD), we have added ssémtences to make this cleaBelsel et al.
(2005) observed the formation of nitrate on minehast particles due to the uptake ofO) using
diffuse reflectance FTIR, and Tang et al. (2012)her confirmed that the yield of nitrate is ~2 (as

expected from R1) within the experimental uncetiaiand that the formation of N@s negligible’.

Introduction or Discussion: Are there other impott®ss processes in the stratosphere, i.e. ptsagoly
that might be changed by TiO2 (and the induced gbsuon radiation). Could you elaborate on this?
Reply: We have modified Line 22-25, Page 4441 to disdudher heterogeneous photochemical
reactions which might have some importandeor‘example, the uptake of N@n TiO, particles is
enhanced under irradiation (Ndour et al., 200&&th and Bedjanian, 2012), leading to the formation
of HONO, the photolysis of which produces NO and &tdl may perturb the stratospheric NOx and
HOXx cycles. Heterogeneous chemical oxidation of &ild enhance the formation of sulfate coating

on mineral particles (Shang et al., 2010).

References:
Dee, D. P., Uppala, S. M., Simmons, A. J., Berrgfd?., Poli, P., Kobayashi, S., Andrae, U.,
Balmaseda, M. A., Balsamo, G., Bauer, P., BechfldBeljaars, A. C. M., van de Berg, L., Bidlot,

J., Bormann, N., Delsol, C., Dragani, R., Fuenkds, Geer, A. J., Haimberger, L., Healy, S. B.,



Hersbach, H., Holm, E. V., Isaksen, L., Kallberg, Rohler, M., Matricardi, M., McNally, A. P.,
Monge-Sanz, B. M., Morcrette, J. J., Park, B. keulBey, C., de Rosnay, P., Tavolato, C., Thepaut,
J. N., and Vitart, F.: The ERA-Interim reanalystnfiguration and performance of the data
assimilation system, Q. J. R. Meteorol. Soc., B58-597, 10.1002/qj.828, 2011.

El Zein, A., and Bedjanian, Y.: Interaction of NQfth TiO2 surface under UV irradiation:
measurements of the uptake coefficient, Atmos. Chehys., 12, 1013-1020, 10.5194/acp-12-
1013-2012, 2012.

Fahey, D. W., Eubank, C. S., Hubler, G., and FefletdnF. C.: A Calibrated Source of N205, Atmos.
Environ., 19, 1883-1890, 1985.

Goodman, A. L., Bernard, E. T., and Grassian, \.. $fectroscopic study of nitric acid and water
adsorption on oxide particles: Enhanced nitric agidake kinetics in the presence of adsorbed
water, J. Phys. Chem. A, 105, 6443-6457, 2001.

Seisel, S., Borensen, C., Vogt, R., and ZellnerKithetics and mechanism of the uptake of N20O5 on
mineral dust at 298 K, Atmos. Chem. Phys., 5, 33232, 2005.

Shang, J., Li, J., and Zhu, T.: Heterogeneousimraof SO2 on TiO2 particles, Sci. China Chem., 53,
2637-2643, 10.1007/s11426-010-4160-3, 2010.

Wagner, C., Hanisch, F., Holmes, N., de Coninck, $thuster, G., and Crowley, J. N.: The
interaction of N20O5 with mineral dust: aerosol flaube and Knudsen reactor studies, Atmos.

Chem. Phys., 8, 91-109, 2008.



