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Table S1. Specifications of the NPL gas standard that was used September 23 through 28, 2017.

Compound VMR + uncertainty Formula m/Q m/Q
[nmol/mol] protonated® fragments
[Th] [Th]
methanol 1019+31 CH,0O 33.033 -
acetonitrile 1020£31 CHsCN 42.034 -
acetaldehyde 1001430 C,H.,0 45.033 -
acetone 983+20 C;HgO 59.049
isoprene 996+20 CsHg 69.070 41.039
methylvinylketone 961+29 C,HsO 71.049
methylethylketone 1009430 C4HgO 73.065
benzene 1025+15 CeHs 79.054
m-xylene 998+25 CgHyo 107.086
1,2,4-trimethylbenzene 1001£25 CoHy, 121.101
3-carene 989+25 CioH1s 137.132, 81.070
138.136
1,2,4-trifluorobenzene 1047452 CgHaF5 133.026
octamethylcyclo- 901+45 CgH4Si40, 297.083, 281.051,
tetrasiloxane (D4) 298.082, 282.051,
299.079 283.048
decamethylcyclo- 1051453 C1oH30Si505 371.101, 355.070,
pentasiloxane (D5) 372.101, 356.070,
372.105, 357.067
373.098
propane 981+15 CsHg Not detected

' m/Q values of isotopologues are only listed if their relative abundance is at least 10% of the most abundant isotopologue.



Table S2. Specifications of the Apel-Riemer gas standard used September 18 through 22, 2017. This standard has been re-
filled into a stainless-steel cylinder (2 L, 2000 psi), which is likely the reason that a large fraction of acetaldehyde has been
lost. Therefore, we used an acetaldehyde mixing ratio of 600 nmol/mol for all calculations. All other mixing ratios were

found to be consistent between the two gas standards.

Compound VMR Formula m/Q m/Q
(uncertainty is £5%0) protonated® fragments
[nmol/mol] [Th] [Th]
methanol 1011 CH,0O 33.033 -
acetonitrile 1010 CHsCN 42.034 -
acetaldehyde 1111 C,H.0 45.033 -
acetone 967 C3HsO 59.049
2-methyl-buten-2-ol 998 CsH100 87.080 69.070, 41.039
methylvinylketone 937 C,HsO 71.049
methylethylketone 1017 C,HgO 73.065
benzene 1006 CsHs 79.054
m-xylene 983 CgHyo 107.086
1,3,5-trimethylbenzene 989 CoH1 121.101
a-pinene 983 CioH1s 137.132, 81.070
138.136
1,2,3-trifluorobenzene 1032 CgHaF5 133.026
1,2,4-trichlorobenzene 995 CsH3Cl3 180.937,
182.934,
184.931
hexamethylcyclo- 992 CsH15Si303 223.064, 207.032,
trisiloxane (D3) 224.063, 208.032,
225.061 209.029
octamethylcyclo- 995 CsH24Si,0,4 297.083, 281.051,
tetrasiloxane (D4) 298.082, 282.051,
299.079 283.048
decamethylcyclo- 995 C1oH30Si505 371.101, 355.070,
pentasiloxane (D5) 372.101, 356.070,
372.105, 357.067
373.098

5 *m/Q values of isotopologues are only listed if their relative abundance is at least 10% of the most abundant isotopologue.



Table S3. Reaction rate constants used throughout this work.

Compound Formula Reaction rate constant

[10° cm®s™" molecule™]
methanol CH,O 2.20
acetonitrile CH5CN 3.10
acetaldehyde C,H.0 3.03
acetone C;HgO 3.25
isoprene CsHg 1.85
methylvinylketone C4HgO 2.72
methylethylketone C4HgO 3.25
benzene CsHs 1.97
2-methyl-buten-2-ol CsH400 1.85
m-xylene CsHyo 2.31
1,2,4-trimethylbenzene CgHy, 2.40
1,3,5-trimethylbenzene CyHy, 2.40
3-carene CioH1s 2.04
a-pinene CioH1s 2.04
1,2,4-trifluorobenzene CsHsF3 2.46
1,2,3-trifluorobenzene CeH3F3 2.46
1,2,4-trichlorobenzene CgH3Cl3 2.4
hexamethylcyclo- trisiloxane (D3) CeH15Si303 2.16
octamethylcyclo-tetrasiloxane (D4) CgH24Si,0, 2.99
decamethylcyclo-pentasiloxane (D5) C1oH30Si505 3.39
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Figure S1. The PICAB standard addition protocol consisted of six operations: (i) two ~30 s periods of dynamic dilution of
the gas standard into nitrogen (minutes 1.5 and 2), and five times 10 fast injections of gas standard from the sample loop into
(ii) dry nitrogen (minute 4.5), (iii) dry air (minute 6), (iv) humidified air (minute 9), (v) humidified nitrogen (minute 11), and
(vi) dry nitrogen (minute 13.5) as carrier gas. The start and end times of the standard additions are marked by red and yellow
vertical lines at the top of each panel, respectively. The top panel shows raw ion count signal (counts per second, cps) of
primary ions (yellow), the sum of all ions attributed to compounds in the gas standard (black), and of acetone (x12.6 in
green) as example compound. The center panel shows corrected ion signals normalized to the mass dependent transmission
of m/Q = 59 Th. Note that the sum of primary and product ions (orange trace) remains roughly constant during the sgas
standard additions around minutes 0.75 and 2.0. The bottom panel shows ion ratios of H,OH;0"/H;0" (black) and O,"/H;0"
(red). The high O,"/H;0" ratio (1.4 % and 1.2 %) is consistent with the ratio of 78.046 Th (C¢H" from the reaction of
benzene with O,") to 79.054 Th (protonated benzene produced by H;0"), whichh was 1.1 % and 1.0 % for the injections in

dry and humidified air around minutes 6 and 9, respectively.
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Figure S2: Two example retrievals of the transmission. The red line represents the characteristics in the medium m/Q range,
and the blue line is the correction at low and high m/Q. The retrieved transmission is plotted in black. Green, blue, and red
bars show the m/Q values of compounds that have been used to optimize for the low, medium, and high m/Q range,
respectively. The height of the bars relates to the ratio measured/expected sensitivity multiplied with the transmission at the
respective m/Q value, so that all bars should touch the transmission curve if the reaction kinetics model is 100 % correct. The
lower chart shows a retrieval that could optimise the ratio measured/expected sensitivity, whereas this was not possible in the
upper chart, where the algorithm optimised by evenly distributing the error between compounds at m/Q = 297 Th and m/Q =
371 Th (D4 and D5 siloxanes).
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Figure S3. Five transmission retrievals for a full calibration protocol of 50 injections using dry N, dry air, humidified air,
humidified N,, and dry N, as carrier gas for 10 subsequent injections. For this study only the first 10 injections were used for
the transmission retrieval. However, the sequence of the 5 retrievals shown here demonstrates the robustness of the
algorithm for dry carrier gas and different results when humidified carrier gas is used. We interpret this to be an effect of

unaccounted reaction kinetics with water hydronium clusters that are more abundant under humidified conditions.
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Figure S4. Summary for all measurements of methanol following our calibration protocol. Individual instruments are shown
in the columns. The first-row panels show the ratio of primary ions H,OH;O0" to H;0" as well as operating conditions of the
instruments (temperature, °C, pressure in the drift tube, hPa, and E/N , Td, i.e. 10" Vm?). The second-row panels show the
measured sensitivity of methanol for all instruments. The third-row panels show the normalized sensitivity, i.e. the measured
sensitivity normalized to a transmission corrected primary ion signal (sum of H;O" + H,OH;0") of 10° counts per second.
The fourth-row panels show the ratio of the measured to expected sensitivity. The median ratio and the standard deviation of
all ratios using dry carrier gas is plotted as black vertical line and grey shade, respectively. The colours and markers
represent the different carrier gases. Humidified injections are depicted with open markers (orange and yellow-green for air
and nitrogen, respectively); filled markers depict calibrations in dry carrier gas (black, red, and blue for nitrogen, air, and

nitrogen, respectively).
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Figure S5. Same as in Figure S4 but for acetonitrile.
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Figure S6. Same as in Figure S4 but for acetaldehyde.
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Figure S7. Same as in Figure S4 but for isoprene (September 22 onwards) or MBO (before September 22).
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Figure S8. Same as in Figure S4 but for methylvinylketone.
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Figure S9. Same as in Figure S4 but for methylethylketone.
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Figure S10. Same as in Figure S4 but for benzene.
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Figure S11. Same as in Figure S4 but for m-xylene.
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Figure S12. Same as in Figure S4 but for 1,2,4-trimethylbenzene (September 22 onwards) or 1,3,5-trimethylbenzene (before
September 22).
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Figure S13. Same as in Figure S4 but for 3-carene (September 22 onwards) or a-pinene (before September 22).
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Figure S14. Same as in Figure S4 but for 1,2,4-trifluorobenzene (September 22 onwards) or 1,2,3-trifluorobenzene (before
September 22).
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Figure S15. Same as in Figure S4 but for 1,2,4-trichlorobenzene (before September 22).
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Figure S16. Same as in Figure S4 but for hexamethylcyclotrisiloxane (D3) (before September 22).
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Figure S17. Same as in Figure S4 but for octamethylcyclotetrasiloxane (D4).
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Figure S18. Same as in Figure S4 but for decamethylcyclopentasiloxane (D5). The TOF settings for the instruments
‘FZJ’and ‘UHEL’ covered only ions up to ~320 Th (except the last measurement for ‘FZJ’). D5 could not be detected in the
‘LSCE’ instrument due to the limitations of the QMS analyser.

23



