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Figure S1. lon source and drift tube schematic.



80

- NO' setting
60 — —— H30+ setting
Voltage
(absolute, 0 -
from ground)
20 —
O —
20 —
15 — =
Difference in The voltage drop here is
] much shallower wr +
voltage drop 10 Sem:gsh I th NO
slo
(+ pe) . S —
NO vs H,0 5 —
D —
+
a \ | | \ \ \
Nozzle Q1 Entrance Q1 front Q1 back Lens Skimmer Q2

Lens

Q1 entrance
plate Skimmer
. N\

Nozzle Plate Skimmer
Skimmer

Q1 Front Qi Back Q2 Front

Figure S2. lon guide voltage settings. The top panel shows the absolute voltage setting (from
ground); the middle panel highlights the changes in voltage potential between H3O" and NO*
settings, and the bottom panel is a cartoon of the ion guide section taken from the CI-API manual
(Aerodyne Inc./Tofwerk AG). The horizontal (axial) distances are not to scale.



10— Poeand - qp < v » +
tbutane A Y v E n-propylbenzene + H;0
cyclohexane +
° > yeoneg P CeHgH
0.9 —
n-propylbenzene ’ ‘ ® (38%)
+ Y o o< ® o L
9 08 + ‘
2, / l. >~ C;H;
5 ) * ® ethanol
2 i-pentane m
g 07— < CiHs®
= > Hacetaldehyde
[} [ | -> +
E _ < < benzene - n-propylbenzene + NO
=2 0.6 .
£ < methanol_;\_::‘ * CqHy2
z A . ¥ (82%)
o _ 4 acetonitrile A
= A
.‘ - key COt:er
0.4 - A‘ | | ® branched alkanes B alkenes G HQ !
. [ | A n-alkanes w cyclic alkanes [
« monoterpenes B aromatics c NO
< aldehydes @ ketones ot 2
4 alcohols A other
0.3 = | T | |

| |
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

largest fragment fraction, H30+
Figure S3. Comparison of product ion distributions between NO* CIMS and H3zO" CIMS. The
complete product ion distribution of n-propylbenzene is shown as an example of a compound
with a complex mass spectrum resulting from HzO" chemistry, and a simple mass spectrum
resulting from NO™ chemistry.

1.0 —

Wl i

— s
fragment ﬁfragme
| Wi M-H

m m/z 41 CsHs'
7 miz 43 C;H,"
m/z 57 C,Hg
m m/z 71 CgHyy
m/z 85 CgHy5"
m m/z99 CH,5
m m/z 103 CgHy;

o
o
|

o
o
|

M-H- fragment fragment

MI

2- methylpentane 2-methylhexane 2-methylheptane  methylcyclohexane

o
~
|

W m/iz97 CHys

fraction of total signal (cps/total cps)

other

o
N
|

0.0 -

. a .
iso-butane iso-pentane

Figure S4. Product ion distributions of selected aliphatic hydrocarbons, at a relative humidity of
20%.



60x10°

[$)
o
I

~
(]
|

)
o
1

counts per second
w
o
|

S
1

0 -

NO+ detection of ethanol
m/z 45 C2H50+

peak area =
132400 counts

60x10°

50 —

counts per second

10 —

700 705 710 715 720 725 730
retention time (seconds)

40 —

30 —

20

Relative sensitivity calculation
NO+ counts/peak: 132400

H30+ counts/peak: 20500
relative dilution, NO+/H30+: 0.96

relative sensitivity = 0.96*(132400/20500) = 6.2

H3O+ detection of ethanol
m/z 47 C2HBOH+
peak area = 20500 counts

700 705 710 715 720 725 730

retention time (seconds)

Figure S5. Example chromatograms and relative sensitivity calculation of ethanol for Table 2.

5
8x10
i i NO clusters
A. Primary ions [0 ctsle® .
MB6 (H,0),*NO+
6 Water clusters
m — m19 H 0+
% — m55 (H,0),+H,04
- Other
— | — m32 O+
g 4 — m46 NO+
(@]
[%2]
21
0 - ; - .
0 20 40 60
3
4x10 )
C. Aromatics
3
") Toluene
Q —m92 C Hg+
2 wnmE3 CHgH:  1,3,5-trimethyl-
o 21 ==mi22GC,HsNO+ penzene
c o-Xylene =—=m120 CgH,,+
o —m106 CgHygt  wm mM121 CgHyH+
) wnn 107 CgHygH+ = m1m150 CgHyp"NO+
14 ==m136 CgH,NO+
----'-”'-"-‘
P e St
OhaszzzzEEEil s
0 20 40 60

relative humidity (%)
Figure S6. Humidity dependence of primary ions and VOCs. (a) Impurity ions and water
clusters. (b) Carbonyls. (c) Aromatics. (d) Acetonitrile. Acetonitrile is detected with poor
sensitivity using NO™; the NO* and H3O" products are approximately equal in magnitude.

2.0x10™

1.51

1.0;

signal (cps)

0.5

B. Carbonyls e NN
"~’~¢I

~ Acetaldehyde
Acetone — M43 CoH,0+

==+ m88 C3HgONO+ s ma5 C,H,OH+
wn MY C3HgOH+Y oy 74 C,H,ONO+

L%

P e

~
___--'-"-0’

s
0.0

500

20 40 60

4001

W
o
Q

signal (cps)

D. Acetonitrile
w42 CoHaNH

un MBO CoHaN-H0"
=71 C,HaNNO"

20 40 60
relative humidity (%)




=1

C3H5 m/z 41.039
m other
propane C5HB miz 66.046
m methylpentanes |05 5 W cyclopentadiene
= iSo- + n-pentane W benzene
W iso- + n-butane

C2H30 m/z 43.018
m other

m acetone

= acetaldehyde

o

0o

C3H7 m/z 43.054 1.0
other

W heptane CEH8 m/z 68.062
methylpentanes s m other 7

m butanes = pentadiene

W propane ™ isoprene

™ i-pentane
C2H50 m/z 45.033 C4H50 miz 69.033
m other 5 | other
m ethanol M crotonaldehyde

m  methagcrolein

C5H9 m/z 69.070

C4HE m/z 54.064 | other

m other trimethylpentanes

| vinyl acetylene B pentenes

m propyne M 2- and 3-pentyl nitrates
W 3,3-dimethylpentane

C4H8 m/z 56.062

m other C5H10 m/z 70.078
c2-butene m other

m t2-butene 5 = c2-pentene

M iso-butene t2-pentene

W 2-butylnitrate

U 2 U ‘ ‘

CH40ONO miz 62.024 !
m other

m  methyl nitrite
= methanol

C3H50 m/z 57.033 Ci”ﬁh?ﬁz 71049
= propanal k 5 m 2-butanol
m other = butanal
C4H9 m/z 57.070 I
other 14 P A CEH11 m/z 71.086
m methylpentanes 7 other
2.3.4-trimethyl- I m 2-and
m 3 melir?yrjltr?g:ane ’ ° i-methy;lheptanes
- m hexana
m 2-methylhexane m i-pentane
W iso-butane
| ‘m == [car90 miz 73.065
CSHT?hmfzss 049 m other
other | unknown
| 1-propanol X 5 2-butanol
m acetone W 2-methyl-1-propanol
= isopropanol m MEK
| m 1-butanol

-

10/28/2015 10/29/2016 10/30/2015 10/28/2015 10/29/2015 10/30/2015
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Figure S8. Figure S7, continued. Includes m/z 82-m/z 111.
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Figure S9. Figure S7, continued. Includes m/z 113-m/z 144.
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Figure S11. Example isobaric interferences for heptanone measured with HsO* CIMS, at m/z
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Table S1. VOCs sampled in series GC-ToFCIMS laboratory experiments.

VOC name Formula
alkanes

ethane C2Hs
propane CsHs
n-butane CsHio
n-pentane CsHy2
n-hexane CeHus
n-octane CsHus
n-decane CioH22
n-undecane Ci2Hz6
i-butane (2-methylpropane) CsH1o
i-pentane (2-methylbutane) CsH12
2,2-dimethylbutane CeH1a
2-methylpentane CeHua
2,3-dimethylbutane CsH1a
3-methylpentane CeHia
2,4-dimethylpentane C7H1s
2-methylhexane CiHae
2,3-dimethylpentane C7H1s
3,3-dimethylpentane C7His
3-methylhexane C7His
2,2,4-trimethylpentane CegHis
2,3,4-trimethylpentane CeHis
2-methylheptane CeH1s
3-methylheptane CeHis
4-methylheptane CeHis
alkenes

ethene CoHs
propene CsHs
ethyne CoH2
trans-2-butene CsHg
1-butene CsHg
iso-butene (2-methylpropene) CsHs
cis-2-butene CsHg
1-pentene CsHuo
trans-2-pentene CsHao
cis-2-pentene CsHao
1-hexene CeH12
isoprene CsHs
cycloalkanes

cyclopentane CsHio
methylcyclopentane CsH12
cyclohexane CsH12
methylcyclohexane C/Hu
ethylcyclohexane CeHis
1,1-dimethylcyclopentane C/Hua
ethylcyclopentane C/Hua
monoterpenes

a-pinene CioH1s

B-pinene CioH1s6
limonene CioH1s
camphene CioH1s
y-terpinene CioH1s
a-phellandrene CioHis
1,8-cineol CioH16
3-carene + myrcene CioHis
aromatics
benzene CeHs
toluene C7Hs
ethylbenzene CsHio
m-xylene + p-xylene CsH1o
o-xylene CsH1o
vinylbenzene (styrene) CsHs
isopropylbenzene CoH12
n-propylbenzene CoH12
1-ethyl,3-methylbenzene + 1- CoH12
ethyl,4-methylbenzene
1,3,5-trimethylbenzene CoH12
1-ethyl,2-methylbenzene CoH12
1,2,4-trimethylbenzene CoH12
1,2,3-trimethylbenzene CoH12
1,3-diethylbenzene CioH14
1,4-diethylbenzene CioH14
aldehydes
acetaldehyde CzH40
propanal CsHeO
butanal C4HgO
pentanal CsH100
hexanal CsH120
heptanal C7/H140
octanal CsH160
methacrolein C4HeO
ketones
acetone C3HsO
2-butanone (MEK) CsHsO
3-methyl-2-butanone CsH100
2-pentanone CsH100
3-pentanone CsH100
3-hexanone CeH120
methyl vinyl ketone (MVK) C4HsO
other
methanol CH40
ethanol C2HeO
2-propanol C3HsO
methyl-t-butyl ether (MTBE) CsH120
acetonitrile CoHsN
3-methyfuran CsHeO



