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Supplemental Material (Figures, Tables, etc.) 
A. Material to section 2.2
[image: Beschreibung: Scenario_HILLS_AE3]
Fig. S1	Schematic illustration of the used SPACCIM scenario

[image: LWCevolution]
Fig. S2		Size-resolved temporal evolution of the liquid water content in g(aq) m-3(air) (urban scenario, total LWC = 5*10-1 g(aq) m-3(air)) 

Microphysical conditions (size-resolved LWC conditions) along the modelled trajectory are shown in Fig. S2 for better understanding of the applied meteorological scenario and the presented plots in paper. In Fig. S2, the modelled LWC (urban case) as a function of the travelling time and the mean initial particle size are depicted. The LWC is increased each 12 hours by about 5 orders of magnitude according to the cloud formation in all three chemical scenarios reaching a total LWC of about 0.5 g m-3. However, the droplet resistance time of the different CCN classes is different. Smaller activated CCN classes can also evaporate somewhat earlier than the others due to the decreasing water vapour saturation with increasing cloud lifetime.

B. Material to section 3.1
[image: ]
[image: ]
Fig. S3	Modelled spectral pH value (coloured scale) as a function of time and the linked dry initial particle/droplet spectra for urban (top) and remote (down) environmental conditions


C. Material to section 3.2
Diurnal profiles of the aqueous OH concentration and their interpretation
The diurnal profile of OH is also reflected in the aqueous phase (see Fig. 1). Fig. 1 shows the aqueous concentration of OH for the urban and remote scenario in mol L‑1. The aqueous‑phase concentration depends on both the available water, i.e. on the microphysical conditions, and on the chemical sinks as well as sources of OH. Aqueous daytime OH concentrations reach values of about 6.0 × 10‑14 and 1.0 × 10‑14 mol L‑1 in the cloud droplets for the remote and urban scenario, respectively. Fig. 1 reveals that the concentration difference between deliquescent particles and cloud droplets is only in the range of about two orders of magnitude. The solution effect is more dominant in the night-time clouds, while in‑situ sources of OH act more effectively under daytime conditions (see Fig. 2).
The lower OH concentrations in the urban case result from the larger sinks under polluted conditions. The corresponding night-time cloud concentrations are about one order of magnitude lower. For both scenarios, a reduced aqueous OH budget can mostly be observed after the cloud evaporation reflecting the effective oxidation within the clouds. However, the OH level increases much faster to the concentration level before the cloud formation under remote daytime conditions. This is related to the increased aqueous OH formation by the iron Fenton reaction under deliquescent particle conditions directly after the cloud evaporation. Due to the efficient formation of H2O2 under remote daytime cloud conditions (mainly by the reaction of reactions of Cu+/Fe2+ with O2-) and the corresponding concentration increase (see section 3.3), the OH concentration reaches subsequently slightly higher concentrations compared to the level before the cloud passage. This formation is caused by an efficient TMI chemistry present in the cloud droplets, which is able to compensate the H2O2 loss through the sulphur(IV) oxidation (see section 3.3). A different behaviour can be observed just after the first cloud event, where the aqueous‑phase OH concentration is lowered in both cases. The first cloud is more influenced by the initialised sulphur(IV) concentration level compared to the subsequent clouds. Due to the higher sulphur(IV) levels during the first cloud, the sulphur(IV) oxidation leads to reduced H2O2 concentrations and finally reduced OH level during the non-cloud conditions afterwards. Additionally, the substantial lowering of the OH concentrations in the aqueous particles after the night-time clouds is attributed to the in-cloud H2O2 consumption through the S(IV) to S(VI) conversion and the less effective aqueous H2O2 formation pathways (see Fig. S10 and Fig. 8). 
Particularly for the urban case, the close link between the aqueous H2O2 and the OH radical concentration is also reflected in their concentration-time profiles (cp. Fig. 1 and Fig. 8). For the urban case, the comparison of the aqueous‑phase concentration-time profiles of both compounds reveals rather good congruencies apart from the first 11 hours of the simulation. The correlation plot (see Fig. S6) reveals just a small spreading of the data around the red regression line and the high correlation coefficient reflects the close link between them. 
During the first day, the urban OH concentrations are additionally affected by the chemical radical interactions with halogen anions, which represent the most important sink in the deliquescent particles, within the first 11 hours of the simulation. Reactions with organic compounds become dominant after the first cloud passage according to the increasing organic content during the simulation.
For the remote case, the comparison of the concentration-time profiles of H2O2 and OH in the aqueous‑phase shows much lower congruencies. This fact might indicate that rather its chemical sinks than by its chemical production pathways affect the OH concentration under remote conditions. The chemical interactions of the aqueous‑phase OH radical with inorganic subsystems such as the Cl and Br chemistry are more important under remote conditions due to the lower organic content. This result implicate that also other radical subsystems are triggered by the HOx regime under remote conditions. On the other hand, the urban case is characterised by higher turnovers with the organic chemistry. The so initiated organic radical chemistry leads finally to HOx,y products such as HO2, which become recycled to OH, and therefore do not lead to a loss in the HOx cycling. 
The modelled in-cloud OH concentrations of the present study are much smaller compared to other former studies (see e.g. Jacob 1986; Lelieveld and Crutzen 1991; Monod and Carlier 1999; Herrmann et al. 2000), which calculated OH concentrations in the order of 10‑12-10‑13 mol L‑1. However, the current values reflect conclusions of the former CAPRAM studies (Herrmann et al. 2005) that modelled aqueous OH concentrations decrease by considering a more complex organic chemistry. 
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Tab. S1	Integrated percentage contributions of the most important OH radical sources and sink reactions for the urban case classified regarding to the different microphysical conditions during the simulation time (1 = total contributions throughout the simulation time, 2 = contributions throughout all cloud events, 3/4 = contributions throughout all day/night cloud events, 5 = contribution under the deliquescent particle conditions) (only sinks and sources with a contribution larger than ±1 % presented)
	Reaction
	1
	2
	3
	4
	5

	
	
	
	
	
	

	phase transfer: OH [image: ]OH(aq)
	18%
	73%
	73%
	76%
	1%

	Cl- + OH [image: ]ClOH-
	-2%
	0%
	0%
	2%
	-3%

	Br- + OH [image: ] BrOH-
	-1%
	0%
	0%
	0%
	-2%

	FeOH2+ + hν [image: ] Fe2+ + OH
	2%
	7%
	7%
	0%
	0%

	NO3- + hν [image: ] NO2 + OH + OH-
	10%
	14%
	15%
	0%
	9%

	H2O2 + Fe2+ [image: ] Fe3+ + OH + OH-
	67%
	1%
	1%
	2%
	87%

	H2O2 + Cu+ [image: ] Cu2+ + OH + OH-
	2%
	0%
	0%
	0%
	2%

	Cu+ + O3 [image: ] Cu2+ + OH + O2 
	0%
	1%
	1%
	4%
	0%

	HO3 [image: ] OH + O2
	1%
	4%
	3%
	14%
	0%

	SO4- + H2O [image: ] SO42- + OH + H+
	0%
	0%
	0%
	2%
	0%

	OH + HSO4-[image: ]
	-3.1%
	0.0%
	0.0%
	0.0%
	-4.1%

	OH + Fe2+[image: ]
	-8.4%
	-0.3%
	-0.3%
	-0.2%
	-10.9%

	OH + CH2(OH)2[image: ]
	-7.7%
	-28.6%
	-28.6%
	-29.6%
	-1.3%

	OH + HCOO-[image: ]
	-0.4%
	-1.6%
	-1.6%
	-1.5%
	0.0%

	OH + CH2OHCH2OH[image: ]
	-14.1%
	-10.8%
	-10.7%
	-12.3%
	-15.1%

	OH + CH3CH2OH[image: ]
	-0.9%
	-3.4%
	-3.3%
	-3.8%
	-0.1%

	OH + CH(OH)2CH(OH)2[image: ]
	-4.5%
	-13.1%
	-13.0%
	-13.8%
	-1.8%

	OH + CH(OH)2COOH[image: ]
	-9.4%
	-0.3%
	-0.3%
	-0.4%
	-12.2%

	OH + CH3C(O)CH(OH)2[image: ]
	-1.2%
	-4.6%
	-4.6%
	-5.5%
	-0.2%

	OH + CH3C(O)COOH[image: ]
	-2.8%
	0.0%
	0.0%
	0.0%
	-3.6%

	OH + CH3C(O)COO-[image: ]
	-2.1%
	-0.2%
	-0.2%
	-0.3%
	-2.7%

	OH + CH2OHC(O)COOH[image: ]
	-1.9%
	0.0%
	0.0%
	-0.1%
	-2.5%

	OH + CHOC(O)COOH[image: ]
	-3.6%
	0.0%
	0.0%
	0.0%
	-4.7%

	OH + CHOC(O)COO-[image: ]
	-1.3%
	0.0%
	0.0%
	0.0%
	-1.7%

	OH + OHCCHCHCHO[image: ]
	-10.5%
	-31.1%
	-31.3%
	-28.1%
	-4.2%

	OH + OHCCH(OH)COCHO[image: ]
	-5.1%
	-0.6%
	-0.7%
	-0.2%
	-6.4%

	OH + HOOCCH(OH)COCHO[image: ]
	-5.0%
	-0.1%
	-0.1%
	-0.2%
	-6.4%

	OH + OHCCH(OH)CH(OH)CHO[image: ]
	-5.1%
	-0.6%
	-0.7%
	-0.2%
	-6.4%

	OH + HOOCCH(OH)CH(OH)CHO[image: ]
	-4.8%
	-0.1%
	-0.1%
	-0.1%
	-6.2%

	OH + CHOCH(OH)COOH[image: ]
	-1.7%
	0.0%
	0.0%
	-0.1%
	-2.2%

	
	
	
	
	
	

	Total sources
	100%
	99%
	99%
	100%
	100%

	Total sinks
	-93%
	-96%
	-96%
	-97%
	-98%



[bookmark: _Toc229814888]
Tab. S2	Integrated percentage contributions of the most important OH radical sink and source reactions for the remote case classified regarding to the different microphysical conditions during the simulation time (1 = total contributions throughout the simulation time, 2 = contributions throughout all cloud events, 3/4 = contributions throughout all day/night cloud events, 5 = contribution under the deliquescent particle conditions) (only sinks and sources with a contribution larger than ±1 % presented)
	Reaction
	1
	2
	3
	4
	5

	phase transfer: OH [image: ]OH(aq)
	28.2%
	63.5%
	65.5%
	49.0%
	-7.4%

	H2O2 [image: ]OH + OH
	3.5%
	7.0%
	8.0%
	0.0%
	0.0%

	H2O2 + Fe2+ [image: ] Fe3+ + OH + OH-
	58.4%
	15.9%
	13.4%
	33.5%
	94.0%

	H2O2 + Cu+ [image: ] Cu2+ + OH + OH-
	2.4%
	3.0%
	2.8%
	4.8%
	1.6%

	HO3 [image: ] OH + O2
	3.2%
	6.6%
	5.9%
	11.3%
	0.0%

	FeOH2+ + hν [image: ] Fe2+ + OH
	2.1%
	2.2%
	2.5%
	0.0%
	1.9%

	Cl- + OH [image: ]ClOH-
	-12.1%
	0.0%
	0.0%
	0.3%
	-22.7%

	Br- + OH [image: ] BrOH-
	-7.9%
	-0.2%
	-0.2%
	0.0%
	-14.7%

	OH + Fe2+ [image: ] FeOH2+
	-7.8%
	-0.8%
	-0.9%
	-0.2%
	-13.9%

	OH + HSO4- [image: ] SO4- + H2O
	-4.2%
	0.0%
	0.0%
	0.0%
	-7.8%

	OH + CH2(OH)2 [image: ]
	-22.6%
	-36.5%
	-37.1%
	-32.6%
	-7.4%

	OH + CHOCOCOO- [image: ]
	-1.8%
	-0.2%
	-0.2%
	0.0%
	-3.1%

	OH + HCOO- [image: ]
	-22.1%
	-42.3%
	-41.2%
	-49.8%
	-1.7%

	OH + CH(OH)2COOH [image: ]
	-3.1%
	-0.1%
	-0.1%
	0.0%
	-5.7%

	OH + CH(OH)2COO- [image: ]
	-1.2%
	-0.7%
	-0.7%
	-0.1%
	-1.5%

	OH + CH3COCOO- [image: ]
	-3.1%
	-0.7%
	-0.8%
	-0.2%
	-5.1%

	OH + CH3COCH(OH)2 [image: ]
	-3.7%
	-7.1%
	-6.7%
	-9.4%
	-0.3%

	OH + CH2OHCOOH [image: ]
	-1.2%
	-0.2%
	-0.2%
	0.0%
	-2.0%

	OH + CH(OH)2CH2OH [image: ]
	-1.1%
	-1.9%
	-1.9%
	-1.6%
	-0.2%

	total sinks
	-91.9%
	-90.6%
	-90.1%
	-94.1%
	-93.6%

	total sources
	97.7%
	98.2%
	98.1%
	99.0%
	97.5%















[image: ]
[image: ]
Fig. S4	Modelled chemical sinks and sources mass fluxes of OH in gas phase for the third day of the modelling time for the urban (top) and remote (down) scenario (AqChem case)

[image: ]
Fig. S5	Modelled chemical sink and source mass fluxes of OH in aqueous phase for the second day of modelling time for the remote scenario (AqChem case)

[image: ]
Fig. S6	Comparison of the modelled non‑cloud aqueous‑phase OH and H2O2 concentrations under urban conditions using the last 96 hours of the simulation. The red line represents the linear regression line (RMA algorithm). The regression equation coefficients and correlation value are given in the legend
[bookmark: _Toc229814834]Tab. S3	Integrated percentage contributions of the most important NO3 radical sources and sink reactions for the urban case classified regarding to the different microphysical conditions during the simulation time (1 = total contributions throughout the simulation time, 2 = contributions throughout all cloud events, 3/4 = contributions throughout all day/night cloud events, 5 = contribution under the deliquescent particle conditions) (only sinks and sources with a contribution larger than ±1 % presented)
	Reaction
	1
	2
	3
	4
	5

	phase transfer: NO3(gas) [image: ]NO3(aq)
	93.4%
	99.9%
	99.8%
	99.9%
	52.9%

	Cl- + NO3 [image: ]NO3- + Cl
	6.2%
	-0.4%
	-0.8%
	-0.3%
	44.9%

	SO4- + NO3- [image: ]SO42- + NO3
	0.4%
	0.1%
	0.2%
	0.1%
	2.2%

	NO3 + SO42- [image: ]NO3- + SO4-
	-1.2%
	-0.7%
	-0.6%
	-0.8%
	-3.7%

	NO3 + Fe2+ [image: ]NO3- + Fe3+ 
	-0.3%
	-0.1%
	-0.1%
	-0.1%
	-1.5%

	NO3 + HSO3- [image: ]NO3- + H+ + SO3-
	-7.3%
	-8.6%
	-17.3%
	-5.8%
	0.0%

	NO3 + HSO4- [image: ]NO3- + H+ + SO4-
	-2.9%
	-0.3%
	-0.3%
	-0.4%
	-17.1%

	Br- + NO3 [image: ]NO3- + Br
	-2.3%
	-0.1%
	-0.2%
	0.0%
	-14.9%

	NO3 + CH3C(O)CH(OH)2 [image: ]
	-42.7%
	-49.9%
	-40.1%
	-53.1%
	-0.3%

	NO3 + CH3C(O)COOH [image: ]
	-0.4%
	-0.1%
	-0.1%
	-0.1%
	-1.9%

	NO3 + CH3C(O)COO- [image: ]
	-8.0%
	-8.1%
	-5.9%
	-8.8%
	-7.2%

	NO3 + OHCCH(OH)CH(OH)COOH [image: ]
	-0.3%
	-0.1%
	-0.1%
	-0.2%
	-1.4%

	NO3 + OHCCH(OH)CH(OH)COO- [image: ]
	-1.0%
	-1.1%
	-0.5%
	-1.3%
	-0.4%

	NO3 + CH2(OH)C(O)COO- [image: ]
	-5.6%
	-5.5%
	-3.2%
	-6.3%
	-6.2%

	NO3 + CHOC(O)COO- [image: ]
	-23.5%
	-20.2%
	-26.5%
	-18.1%
	-41.7%

	NO3 + HCOO- [image: ]
	-1.1%
	-1.3%
	-1.3%
	-1.3%
	0.0%

	Total sources
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%

	Total sinks
	-96.4%
	-96.5%
	-96.9%
	-96.3%
	-96.3%



Additional material to subsection 3.2.3
Based on those findings, the results of the CAPRAM runs were scanned through coherences between the NO3 importance and the number of carbon atoms (Cx with x = 1, 2, 3, 4), the functional group (aldehydes, diacids, dialdehydes, etc.) and the oxidation degree of the respective organic compounds (represented by the O/C atom ratio). 
In general, the analyses show no direct coherences between the OH/NO3 flux ratio and the two factors mentioned first. Apparently, species mainly oxidised by the NO3 radical are rather more polar compounds including several functional groups, which are usually characterised by smaller kOH/kNO3 ratios. Based on that finding, the calculated NO3 to OH flux ratio of each organic compound was plotted against the oxygen/carbon ratio of the organic compound (Fig. S7). The O/C ratio was chosen as a descriptor for the degree of oxidation. As Fig. S7 shows, the NO3/OH flux ratio tends to increase with the polarity of the organic species. However, it becomes also apparent from the large scatter of the plot that other factors such as the dependence from the precursor behaviour (day/night-time oxidation sinks and sources) might affect this issue besides their specific NO3/OH reactivity.
[image: ]
Fig. S7	Modelled mean in‑cloud NO3 and OH degradation flux ratio of organic compounds under urban conditions vs. the corresponding oxygen-/carbon atom ratio of the organics. The used symbols are equal to that in Fig. 8 in the paper

Additional material to subsection 3.2.5

[image: ]
Fig. S8	Modelled chemical sink and source mass fluxes of the HO2/O2‑ radical in aqueous phase for a selected period of the modelling time under urban conditions. The depiction contains the total sink and source fluxes (left) as well as the net processing (right) which include just the net effect of the HO2/O2‑ cycling with copper and its backward cycling

D. Material to section 3.3

[image: Beschreibung: aH2O2_r+u]
Fig. S9	Modelled aqueous phase concentrations of H2O2 for the urban and remote scenario (AqChem case), respectively

[image: Beschreibung: aH2O2urban_DIAG_paper]
         [image: Beschreibung: aH2O2remote_DIAG_paper]
Fig. S10	Modelled chemical sink and source mass fluxes of the H2O2 in aqueous phase for a selected period of the modelling time under urban (top) and remote (down) conditions (AqChem case)


O3
Fig. S11 shows the modelled ozone gas‑phase concentrations vs. modelling time for remote as well as urban scenario (AqChem and woAqChem case), respectively. The separation of the soluble and insoluble ozone precursors leads to a decreased ozone formation predominantly under urban cloud conditions. After the cloud evaporation ozone is decreased by 25% in comparison to the model run without cloud chemistry interactions. Contrary to the urban case, the ozone concentration is not much affected under remote conditions. This is caused by the importance of the NOx budget for ozone formation. Under remote low NOx conditions, the changed HOx budget in the cloud is less important for the ozone formation rate. Therefore, the ozone concentration is nearly unaffected under theses conditions. In contrast to the direct cloud effect on H2O2, the ozone budget is mainly “indirectly” influenced by the phase separation effects of HO2 rather than by direct chemical aqueous‑phase interactions. 
However, the indirect chemical interaction effect of the cloud affects not only the gas‑phase ozone formation. Also the degradation reactions of tropospheric organic trace gases due to their ozonolysis are substantially reduced. Therefore, their modelled concentration levels and also their tropospheric lifetimes are increased compared to the simulation without aqueous‑phase chemical processes. The modelled cloud chemistry effects on ozone are slightly different from the obtained results of Walcek et al. (1997). In the present work, total interstitial ozone fluxes of about ‑2.6 ppb h-1 and ‑0.9 ppb h-1 (first daytime cloud) have been modelled for the NOx/NMHC conditions of the urban (9.0/55.2 ppb) and remote (0.3/7.4 ppb) scenario. Contrary, Walcek et al. (1997) calculated production rates between 0 and ‑1 ppb h‑1 for the corresponding remote conditions and about 2 ppb h-1 the urban conditions. The differences may be mainly a result of the more complex aqueous‑phase chemistry in the present study including e.g. more HOy (= HOx + 2 H2O2 + 2 CH3OOH + HNO2 + HNO4) sinks such as the sulphur chemistry leading to different H2O2 budget and the different microphysical conditions including a higher LWC level and therefore e.g. more reduced gas‑phase HO2 budget. However, it is also mentioned that the differences in the two applied gas phase mechanisms might also contribute to the observed deviations. 
[image: ]
Fig. S11	Modelled O3 gas‑phase concentrations in molecules per cm-3 vs. modelling time for the urban and remote scenario both with (AqChem) and without (woAqChem) aqueous‑phase chemistry interaction

E. Material to section 3.4

[image: VOCs_FIG-XXXXXXX]
Fig. S12	Modelled gas phase concentrations of ethene, xylene, methylglyoxal, ethylene glycol, isoprene, acetic acid, glycolaldehyde, glyoxal, ACO3 and PAN for the urban and remote scenario (AqChem and woAqChem case)


F. Material to section 3.5
[image: ]
Fig. S13	Modelled aqueous phase sulphur(VI) concentrations in mol m-3(air) as a function of the modelling time for the remote and urban atmospheric scenario, respectively
G. Material to section 3.5
[image: ]
Fig. S14	Temporal evolution of the relative contributions [%] of different iron species to the total iron mass under remote environmental conditions. The red line shows the percentage contribution of iron(II) species to the total iron aerosol content
Tab. S4	Integrated percentage contributions of the most important Fe(III) sources and sink reactions for the urban case classified regarding to the different microphysical conditions during the simulation time (1 = total contributions throughout the simulation time, 2 = contributions throughout all cloud events, 3/4 = contributions throughout all day/night cloud events, 5 = contribution under the deliquescent particle conditions) (only sinks and sources with a contribution larger than ±1 % presented)
	Reaction
	1
	2
	3
	4
	5

	
	
	
	
	
	

	[bookmark: _Hlk206432769]Fe3+ + Cu+ [image: ] Fe2+ + Cu2+
	-69.2%
	-26.7%
	-25.1%
	-33.4%
	-75.1%

	H2O2 + Fe2+ [image: ] Fe3+ + OH + OH-
	41.0%
	6.6%
	7.3%
	3.6%
	45.7%

	HO2 + Fe2+ (+ H2O) [image: ] Fe3+ + H2O2 + OH- 
	22.4%
	36.9%
	37.8%
	33.0%
	20.4%

	FeOH2+ + Cu+ [image: ] Fe2+ + Cu2+ + OH-
	-16.8%
	-28.9%
	-27.7%
	-33.8%
	-15.1%

	FeO2+ + Fe2+ (+ H2O) [image: ] 2 Fe3+ + 2 OH-
	15.9%
	12.0%
	10.7%
	17.2%
	16.5%

	Fe(C2O4)2- + h[image: ] Fe2+ + C2O42- + CO2 + CO2-
	-7.5%
	-1.3%
	-1.6%
	0.0%
	-8.4%

	OH + Fe2+ [image: ] FeOH2+
	4.7%
	1.2%
	1.4%
	0.3%
	5.2%

	FeCH3O22+ + H+ [image: ] Fe3+ + CH3OOH
	4.7%
	3.3%
	2.6%
	5.8%
	4.8%

	O2- + FeOH2+ [image: ] Fe2+ + O2 + OH-
	-3.6%
	-28.0%
	-28.6%
	-25.4%
	-0.2%

	Fe2+ + SO4- (+ H2O) [image: ] FeOH2+ + SO42- + H+
	2.7%
	3.6%
	3.5%
	3.9%
	2.6%

	O2- + Fe2+ (+2 H+) [image: ] Fe3+ + H2O2
	2.2%
	15.8%
	17.3%
	9.6%
	0.4%

	Fe(OH)2Fe4+ [image: ] 2 Fe3+ + 2 OH-
	1.2%
	0.9%
	0.8%
	1.3%
	1.2%

	HSO5- + Fe2+ [image: ] SO4- + FeOH2+
	1.1%
	8.5%
	8.0%
	10.4%
	0.1%

	FeOH2+ + h[image: ] Fe2+ + OH
	-1.0%
	-7.1%
	-8.8%
	0.0%
	-0.2%

	FeO2+ + Fe2+ [image: ] Fe(OH)2Fe4+ + H2O
	0.8%
	0.5%
	0.5%
	0.7%
	0.8%

	FeCH3O22+ [image: ] Fe3+ + CH3OOH + OH-
	0.7%
	2.9%
	2.5%
	4.8%
	0.4%

	Fe(OH)2Fe4+ (+ H+)[image: ]2 Fe3+ + OH- + H2O
	-0.6%
	-0.5%
	-0.4%
	-0.6%
	-0.6%

	FeO2+ + HCOO- (+ H+) [image: ] Fe3+ + CO2H + OH-
	0.6%
	4.5%
	4.0%
	6.4%
	0.0%

	O2- + Fe3+ [image: ] Fe2+ + O2
	-0.5%
	-3.9%
	-3.7%
	-4.5%
	0.0%

	
	
	
	
	
	

	Total sources
	98.0%
	96.7%
	96.4%
	97.0%
	98.1%

	Total sinks
	-99.2%
	-96.4%
	-95.9%
	-97.7%
	-99.6%














Tab. S5	Integrated percentage contributions of the most important Fe(III) sources and sink reactions for the remote case classified regarding to the different microphysical conditions during the simulation time (1 = total contributions throughout the simulation time, 2 = contributions throughout all cloud events, 3/4 = contributions throughout all day/night cloud events, 5 = contribution under the deliquescent particle conditions) (only sinks and sources with a contribution larger than ±1 % presented)
	Reaction
	1
	2
	3
	4
	5

	
	
	
	
	
	

	H2O2 + Fe2+ [image: ] Fe3+ + OH + OH-
	52.4%
	28.8%
	27.1%
	35.2%
	59.7%

	FeOH2+ + Cu+ [image: ] Fe2+ + Cu2+ + OH-
	-41.8%
	-14.1%
	-14.8%
	-11.9%
	-50.6%

	Fe3+ + Cu+ [image: ] Fe2+ + Cu2+
	-30.2%
	-2.7%
	-3.1%
	-1.4%
	-38.9%

	O2- + Fe2+ (+2 H+) [image: ] Fe3+ + H2O2
	13.8%
	52.6%
	53.9%
	47.7%
	1.7%

	Fe(OH)2+ + O2- [image: ] Fe2+ + O2 + 2 OH-
	-9.8%
	-37.5%
	-37.0%
	-39.2%
	-1.0%

	O2- + FeOH2+ [image: ] Fe2+ + O2 + OH-
	-9.3%
	-35.9%
	-34.1%
	-42.2%
	-0.9%

	Fe2+ + SO4- (+ H2O) [image: ] FeOH2+ + SO42- + H+
	8.8%
	2.4%
	2.5%
	2.0%
	10.7%

	OH + Fe2+ [image: ] FeOH2+
	6.6%
	1.7%
	2.1%
	0.3%
	8.1%

	Br2- + Fe2+ [image: ] Fe3+ + 2 Br-
	5.0%
	0.6%
	0.8%
	0.1%
	6.4%

	Fe(C2O4)2- + h[image: ] Fe2+ + C2O42- + CO2 + CO2-
	-4.2%
	-0.3%
	-0.3%
	0.0%
	-5.5%

	HO2 + Fe2+ (+ H2O) [image: ] Fe3+ + H2O2 + OH- 
	3.1%
	1.3%
	1.4%
	1.1%
	3.6%

	FeCH3O22+ + H+ [image: ] Fe3+ + CH3OOH
	2.5%
	0.3%
	0.3%
	0.1%
	3.1%

	FeCH3O22+ [image: ] Fe3+ + CH3OOH + OH-
	2.2%
	2.5%
	2.2%
	3.6%
	2.1%

	Fe(OH)2+ + Cu+ [image: ] Fe2+ + Cu2+ + 2 OH-
	-2.1%
	-4.6%
	-4.4%
	-5.2%
	-1.3%

	FeOH2+ + h[image: ] Fe2+ + OH
	-1.7%
	-3.4%
	-4.3%
	0.0%
	-1.2%

	
	
	
	
	
	

	Total sources
	94.3%
	90.3%
	90.4%
	90.0%
	95.6%

	Total sinks
	-99.2%
	-98.4%
	-98.0%
	-99.8%
	-99.4%



H. Additional material
Evolution of the particle mass 
The simulation results plotted in Fig. S15 show the modification of spectral dry particle/droplet mass distribution (condensed non‑water mass) due to the physico‑chemical aerosol cloud processing at different simulation times for remote and urban atmospheric conditions. The model results show a noticeable spectral particle size and total particle mass processing which is mainly caused by inorganic chemical processes such as S(IV) to S(VI) conversion. As can be seen from the plot, the cloud processing of the dry particle mass spectra leads narrower spectra under remote and to a significant CCN size increase including a maximum shift of the mass spectra to about 600 nm under urban cloud conditions, respectively. The modelled increases in the mass concentration distribution in the size range of 100‑300 nm during the first cloud passage are in a good agreement with modelled spectral modifications of Kreidenweis et al. (2003) who found a mass increase in the size range of 100‑150 nm due to the SO2 in‑cloud oxidation.
Finally the present model results reveal total mass increases after the cloud evaporation of about 2 µg m‑3 per remote cloud event. Modelled dry aerosol particle masses between 15 and 32 µg m‑3 characterise a quite reasonable mass range for remote aerosol particulate matter (see e.g. van Dingenen et al. 2004). In the urban case, the behaviour is more complex including differences in the mass production efficiency of day‑ and night-time clouds. The total mass is increased after the cloud evaporation by up to 15 µg m‑3 and 10 µg m‑3 per urban day‑ and night-time cloud event, respectively. Moreover, the total particulate matter finally reaches a concentration of about 200 µg m‑3 at the end of the simulation, which is a quite reasonable mass concentration for aerosols in strongly polluted areas (Chan and Yao 2008). It is noted that equivalent results focusing on the organic mass processing are discussed in detail in a corresponding article of Tilgner and Herrmann (2010) and will be thus not outlined here. Additionally, it is noted that due to the focus on chemical issues, microphysical effects such as coagulation, detrainment/entrainment and deposition processes on the particle/cloud droplet spectra are neglected in the present parcel model studies. Therefore, the particle distributions would be changed by those physical processes.

[image: Beschreibung: FIG_18]
Fig. S15	Modelled spectral total particle mass distributions at 4 points of time in μg m-3(air) for remote (top) and urban (down) atmospheric conditions

Model sensitivity studies
Additional chemical sensitivity studies were performed with regards to crucial model parameters, (i) the soluble iron fraction and (ii) the used emission strengths, focusing on their impact on the oxidants and related subsystems. 

Tab. S6	Overview of the sensitivity studies on water-soluble iron (Fe1 represents the “base case”)
	Sensitivity case 
	Scaling factor
	Initial particle mass fraction of the 
water soluble iron

	
	
	

	Fe1
	100 %
	0.0014555100

	Fe2
	25 %
	0.0003638775

	Fe3
	6.25 %
	0.0000909694

	Fe4
	0.156 %
	0.0000227423

	
	
	



(i) Impact of the water-soluble iron content on the HOx /HOy budget
The water-soluble iron in tropospheric particles is a crucial parameter for a number of aqueous‑phase processes (see review by Deguillaume et al. 2005 for further details). The reaction flux analyses in present study have shown that the Fenton reaction can act as an important in‑situ OH radical source in deliquescent particles, leading to an effective degradation of organic compounds. To study the sensitivity of the multiphase chemistry to the available water-soluble iron content in more detail, simulations were performed for the urban case with different concentrations of water-soluble iron. The initialised water-soluble iron fraction of the base case (referred as Fe1) is scaled down by 1/4 (Fe2), 1/16 (Fe3) and 1/64 (Fe4), respectively (Tab. S6 for details). It is noted that water-soluble iron concentrations vary dramatically in the troposphere, ranging from about 0.01 and up to few hundred µM-1 in polluted areas (see Deguillaume et al. 2005 for details). The corresponding in-cloud soluble iron concentrations for the case Fe1 and Fe4 cover with approximately 2 µM-1 and 0.03 µM-1, typical values for continental tropospheric regimes. The studies have been particularly focused on the HOx/HOy budget effects and its feedback on the multiphase organic C2 chemistry. These two chemical subsystems have been chosen due to their close link to the TMI chemistry currently implemented in CAPRAM 3.0i.
Apart from H2O2, the sensitivity studies show almost insignificant effects of the different iron contents on the gas‑phase oxidant levels. However, significant differences become apparent in the aqueous phase predominantly for the oxidants OH, HO2/O2- and H2O2 (see Fig. S16 and Fig. S17). This only means that the change in the amount of the iron content does not affect significantly the gas phase concentration budget of the oxidants due to increased or decreased phase transfer. However, the results reveal that aqueous phase turnovers (sources and sinks) of HOx radicals are affected by the TMI-chemistry (see below).  
For the OH radical, reductions of its aqueous radical budget are noticeable particularly under deliquescent particle daytime conditions. The modelled concentrations in the Fe4 case are about 75% smaller (after 64 h) compared to the base case Fe1. The flux investigations of the Fe3 case (see Fig. S18) reveal considerable decreases of both source and sink fluxes in the deliquescent particles. In comparison to the respective flux analysis of the Fe1 case, the Fe3 case shows a changed source flux pattern. In contrast to the base case, the maximum total formation flux in the deliquescent particles is with a value of 1.6·10‑12 mol m‑3 s‑1 about 50% smaller than respective flux in the Fe1 case. Moreover, other reactions such as the Fenton reaction with copper become more important. Contrary, the contribution of the iron Fenton reaction, the main source in the base case, is noticeably lowered. Other OH formation reactions are not able to compensate the reduction of the iron Fenton reaction flux. Due to the reduced OH formation potential in the deliquescent particles, OH driven oxidations are subsequently decreased. In contrast to the deliquescent particle conditions, just small differences become obvious under cloud conditions where the gas‑phase uptake is still the dominant OH source. The in‑cloud production and destruction fluxes are almost equal. An analogous picture can also be obtained for the in‑cloud oxidation fluxes.
Opposite effects can be observed for H2O2. Because of the reduced water‑soluble iron content and the less effective Fenton chemistry, the multiphase budget of H2O2 is decreased to a lesser extent. The relevance of the aqueous‑phase chemistry for the multiphase H2O2 budget and the efficient phase transfer of H2O2, leads also to a noticeable chemical feedback on the gas concentrations (see Fig. S17). Consequently, the less efficient iron chemistry and the higher H2O2 cause an increase in the efficiency of other oxidation processes such as the S(IV) to S(VI) conversion. In the Fe4 case, the indirect effect of the iron redox chemistry leads to approximately 20% higher S(VI) concentrations at the end of the simulation time compared to the Fe1 case (see Fig. S17). This result demonstrates the importance of iron‑redox chemistry for an adequate sulphur oxidation and lifetime modelling. Models without an adequate aqueous‑phase iron chemistry representation could presumably tend to an overestimation of the S(IV) to S(VI) conversion (i.e., the S(IV) removal) due to overestimations in the H2O2 levels. 

[image: Beschreibung: FIG_19]
Fig. S16	Modelled urban aqueous OH and HO2 concentrations as a function of the simulation time modelled with different water‑soluble iron contents

[image: Beschreibung: URBAN_FEdep_gH2O2+S6conc]
Fig. S17	Modelled urban H2O2 gas phase concentrations and total aqueous S(VI) concentrations as a function of the simulation time modelled with different water‑soluble iron contents

[image: ]
Fig. S18	Depiction of the chemical aqueous phase sink and source mass fluxes of OH radical for the fourth day of the simulation (urban scenario, Fe3)

(ii) Effect of implemented emission strengths on the multiphase oxidants budget
Among key aqueous‑phase parameters such as the soluble iron fraction, the modelled effects also significantly depend on the applied emission scenario. Thus, sensitivity studies were carried out for the urban scenario to study the dependence of the multiphase chemistry from the degree of pollution. The sensitivity studies were mainly focused on the effect of the pollution on the multiphase budget of oxidants and the S(IV) to S(VI) conversion. The sulphur subsystem has been chosen because of its direct dependence on emissions of anthropogenic precursors. Similarly to the sensitivity studies on the water-soluble iron, the used emission strengths of the urban base case (referred as E1) are scaled down by 1/4 (E2), 1/16 (E3) and 1/64 (E4), respectively. The initialisation of the urban aerosol gas and particle phase has not been changed permitting well comparability with the base case E1.
Fig. S19 and Fig. S20 show the modelled gas and aqueous‑phase concentrations profiles of important oxidants such as OH and HO2 for the 4 different emission strengths scenarios. Both Figures show that the oxidants budget depends substantially on the emission strengths used. Generally, the HOx budget is significantly decreased with decreasing emissions. The obtained concentrations converge with decreasing emissions (E4) to similar concentration patterns as modelled for the remote base case. A similar tendency is noticeable for H2O2 and ozone. For ozone, two trends become obvious: (i) a decreasing cloud effect on gaseous ozone due to the smaller NOx/VOC ratios and (ii) the markedly decreasing ozone concentration for less polluted conditions together with much less diurnal concentration characteristics. At the end of the simulation, the ozone concentration in the case E4 is nearly 80% lower compared to the base case and the cloud effects are hardly noticeably. The most sensitive concentration effects are noticeable again for H2O2. The concentrations are partly more than one order of magnitude higher in the base case E1 compared to E2 and demonstrate the close link of the H2O2 budget with the HOx budget. Differences between the different emission scenarios do not become recognisable until the first cloud episode and the oxidation of the equally initialised S(IV). Afterwards, the effect of the different emission strengths becomes apparent whereupon the H2O2 concentration levels are lower in the less polluted cases. The latter are characterised by both lower HOx and S(VI) levels. But, the lower H2O2 concentrations in the less polluted cases express the closer link of its budget to HOx.
In the aqueous phase the concentration profiles of the HOx components, OH and HO2, show a more complex behaviour (see Fig. S20). The OH budget under deliquescent particle conditions is substantially decreased in the less polluted cases in comparison to the base case E1. This results mainly from the reduced multiphase budget of the OH precursor H2O2 in the less polluted scenarios (source limitation). A contrary behaviour becomes apparent in clouds. There, the OH concentration of the base case is markedly lower. This opposite behaviour is caused by higher concentration of possible OH reaction educts, which lead to larger degradation fluxes in comparison to the less polluted case (sinks domination). For HO2/O2-, the reduced gas‑phase budget leads to analogous characteristics in the aqueous phase including more significant variations with the LWC indicating smaller uptake fluxes to the aqueous particle phase in the less polluted cases.

[image: Beschreibung: FIG_20]
Fig. S19	Modelled gas‑phase concentrations of OH, HO2, H2O2 and O3 for the 4 different emission strength scenarios (E1, E2, E3, E4), respectively

[image: Beschreibung: FIG_21]
Fig. S20	Modelled aqueous‑phase concentrations of OH and HO2 concentrations for the 4 different emission strength scenarios (E1, E2, E3, E4), respectively
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