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evaporation measurements (VFR values from Buchholz et al. (2019)). The corresponding figure with absolute signal 

contributions is shown in the SI material (Figure S 7). Note that always the residual particles after isothermal evaporation 

or humidification were collected on the FIGAERO filter. This means with decreasing VFR a larger fraction of the particle 

mass had evaporated prior to the FIGAERO-CIMS measurements. In the low- and mediumOC case (Figure 8a and b), 

the relative contributions of MV1&2 and LV1&2 (Tmax in SVOC range) decreased with decreasing VFR while those of 5 

LV3-5 and MV3-5 (Tmax in LVOC and ELVOC range) increased. During 4 h of dry isothermal evaporation a similar 

volume fraction was removed as in 0.25 h of isothermal evaporation under wet conditions. The very similar relative 

contribution of the V-type factors in these two samples suggests that the observed changes in chemical composition in 

the particles are indeed connected to the change in VFR (i.e., how much of the volatile material was removed before 

sampling) and not directly driven by other water induced processes. For these SOA types, the main process during 10 

physical aging in the RTC (i.e., long residence time in clean air) under dry and wet conditions was isothermal particle 

evaporation. Here, the particulate water mostly decreased the viscosity in the particles, thus decreasing kinetic transport 

limitations in the particle phase and increasing evaporation. This observation is in agreement with previous interpretation 

of this and comparable datasets (Buchholz et al., 2019; Yli-Juuti et al., 2017). The highOC case (Figure 8c) will be 

discussed in section 3.3. 15 

From the factor contribution, the detailed changes in particle composition due to isothermal evaporation can be derived 

by analysing the trends in the factor mass spectra. With increasing Tmax of the factors (i.e., decreasing volatility) the 

average Mw as well as the C chain length and number of O continuously increased from V1 to V5 (Table 1). The 

contribution of compounds with C>10 also increased, which suggests an increasing contribution of dimers/oligomers. 

This may explain why no clear trend in the O:C (or OSc) values could be observed for the V-type factors. While the lower 20 

volatility compounds indeed contained more oxygen the simultaneous increase of the carbon chain length seems to 

compensate this, resulting in no obvious systematic increase in O:C ratios. Thus, we observe a correlation of volatility 

with average Mw but not with average O:C ratio of the factors. 

As the more volatile factors (LV1&2 and MV1&2) were systematically removed with isothermal evaporation, the 

composition of the residual particles was more and more dominated by the less volatile factors (LV3-5 and MV3-5), i.e., 25 

by larger, higher Mw compounds, many of them dimers/oligomers. However, the V4&5 factors still had a significant 

contribution of low Mw compounds as well (Figure 5 and Figure 6). The ion and factor thermograms of [C8H12O5 + I] - 

are shown as an example for such a relatively small, low Mw ion in Figure 9a and b. This ion had contributions to all 5 

factors. In principle, it is possible that there are several isomers of this composition with significantly different volatility 

being grouped into V1-5 spreading ~4 orders of magnitude in C*. But it seems more likely that the compounds of this 30 

composition contributing to V4&5 were products of thermal decomposition. If this was indeed the case, it means that 
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there were compounds in the particles which have a volatility corresponding to even higher Tmax than that of factors 

V4&5, but because they decompose at desorption temperatures >100 °C they are grouped into these factors/volatility 

classes. This is an indication that FIGAERO-CIMS data overestimates the volatility as already previously suggested 

(Lopez-Hilfiker et al., 2015; Schobesberger et al., 2018; Stark et al., 2017), and care has to be taken when using these 

volatility values for modelling purposes.  5 

  

3.3 Composition changes due to aqueous phase chemistry 

Similar to the low- and mediumOC case, highOC SOA particles showed enhanced evaporation under wet conditions 

(Buchholz et al., 2019). But in addition, strong signs for aqueous phase chemistry in the wet highOC case were already 

visible by comparing the mass spectra integrated over the whole thermogram scan. Several very small compounds (Mw < 10 

200 Da and C4-C7) increased their contribution under wet conditions. Also, the thermograms of these ions showed distinct 

shifts to higher Tmax values in the wet cases (by up to 20 °C) and even the formation of new low volatility material under 

wet conditions. As discussed by Buchholz et al. (2019), the different behaviour of the highOC SOA is most likely due to 

higher fractions of (hydro-)peroxides in the particles caused by the much higher HO2 concentrations in the OFR at the 

highOC oxidation conditions. Most peroxides are sensitive to hydrolysis which will initiate a range of reactions in the 15 

aqueous phase. The low volatility products of these reactions thermally decompose to similar fragments as did the 

peroxide precursor. Thus, the same groups of ions are detected but at a higher Tdesorp.  

In the PMF analysis results, the different behaviour in the highOC case is also directly visible comparing the dry, 

tevap = 0.25 h and wet, tevap = 0.25 h cases (Figure 7a and c). The contribution of the (semi-)volatile factor (HV1) is was 

reduced, but the factor thermogram profile and Tmax also changed. HV2&4 shift to higher Tmax values and a new factor 20 

HV3 iwas introduced which containeds mostly low Mw compounds. The least volatile factor, HV5, which contains mostly 

high Mw compounds, showsed much less contribution. It is also noteworthy that HD1 showeds a strong increase in the 

wet case, not just in relative contribution but also in absolute strength. Also, the shape of the factor thermogram profile 

(strong increase at Tdesorp > 100 °C) indicates that in this case HD1 is was dominated by thermal decomposition products. 

With further isothermal evaporation under wet conditions, HV3 increased its contribution while HV1&2 were almost 25 

completely removed (Figure 7 and Figure 8). Note that HV3 also exhibiteds an increase in absolute contribution to the 

signal, i.e., compounds contributing to this factor weare being produced (Figure S 7c). 

The removal of HV1 can still be explained by particulate water acting as a plasticiser enhancing the isothermal evaporation 

comparable to the low- and mediumOC cases. But HV2 has a Tmax value already in the LVOC range like LV3 or MV3, 

which do not show a similar decrease with isothermal evaporation under wet conditions. Thus, the observed changes can 30 
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6 Tables  

Table 1: Signal weighted average values of elemental composition, O:C, OSc, and contribution of C>10 compounds for all factors. 

ID composition Mw / g mol-1 O:C OSc C>10 / % 

LV1 C8.6H13.3O5.2 213.4 0.66 -0.27 9.3 
LV2 C9.0H14.2O5.6 200.3 0.64 -0.30 12.7 
LV3 C10.3H16.7O6.8 249.7 0.70 -0.21 36.5 
LV4 C12.6H21.8O7.9 300.5 0.66 -0.39 65.2 
LV5 C12.5H21.3O8.5 308.2 0.72 -0.24 65.1 
LD1 C9.8H15.4O6.3 235.7 0.74 -0.05 33.8 
LB1 C9.7 H15.5O6.2 234.8 0.78 0.00 38.3 
LC1 C8.6H14.3O5.2 201.9 0.81 -0.05 28.2 
LC2 C6.2H9.5O3.9 148.0 0.93 0.21 7.6 
MV1 C7.8H11.6O5.0 185.8 0.70 -0.12 7.6 
MV2 C8.1H11.6O5.8 202.3 0.76 0.07 4.1 
MV3 C9.0H13.4O6.5 226.6 0.76 0.01 15.4 
MV4 C10.1H16.0O7.4 257.1 0.80 0.02 38.3 
MV5 C11.3H18.7O7.6 276.5 0.73 -0.17 51.4 
MD1 C8.8H13.5O5.9 214.8 0.75 -0.01 7.6 
MB1 C9.8H15.6O6.1 235.5 0.79 0.02 38.9 
HV1 C7.0H9.5O5.6 184.7 0.90 0.43 6.2 
HV2 C7.9H11.1O6.3 208.6 0.86 0.29 8.5 
HV3 C7.7H10.6O6.3 204.3 0.92 0.44 12.9 
HV4 C8.4H12.4O6.6 219.4 0.87 0.23 18.6 
HV5 C10.0H16.2O6.8 247.4 0.76 -0.09 39.8 
HD1 C8.3H12.3O5.9 207.1 0.82 0.18 19.7 
HB1 C9.7H15.5O6.1 232.8 0.77 -0.02 38.4 
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7 Figures 

 
Figure 1: Schematic of experimental setup. 
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Figure 3: Fraction of explained variance (Ratioexp, left) and Q/Qexp values (right) for the low- (a), medium- (b) and highOC- dataset 
for PLerror (blue) and CNerror(red). 
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Figure 4: Total ion thermogram (a), residuals (b and d) and Qj/Qexp values (c and e) as time series for solutions with 6, 7, or 10 factors 
for PMF run with CNerror (b and c, yellow background) and PLerror (d and e, blue background). The dataset contains thermogram 
scans for highOC SOA particles of these sampling conditions: dry, tevap = 0.25 h (I), dry, tevap = 4 h(II), wet, tevap = 0.25 h (III), and wet, 
tevap = 4 h (IV). Note that the y scaling is the same in panels (b) and (d), but in (e) it is 10 times smaller than in (c). 5 
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Figure 5: Temperature profiles (left) and factor mass spectra (right) for the 9-factor solution for the lowOC case. Each factor mass 
spectrum is normalised. The colour code is the same for both panels. Background colours in the left panel indicate volatility 
classifications according to Donahue et al. (2006) derived from Tmax-C* calibrations (green: SVOC, red: LVOC, grey: ELVOC). Note 
the different scaling for y-axes in panels a-d. 5 
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Figure 6: Temperature profiles (left) and factor mass spectra (right) for the 7-factor solution for the mediumOC case. Each factor mass 
spectrum is normalised. The colour code is the same for both panels. Background colour in the left panel indicates volatility 
classification derived from Tmax-C* calibrations (green: SVOC, red: LVOC, grey: ELVOC). Note the different scaling for y-axes in 
panels a-d. 5 
































































