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Section S1: Nano-DESI measurement and data analysis

The nano-DESI analyses were performed using a high-resolution LTQ-Orbitrap mass
spectrometer (Thermo Electron, Bremen, Germany) with a resolving power (m/Am) of 100,000
at m/z = 400. The instrument is equipped with a nano-DESI source assembled from two fused-
silica capillaries (150 gm 0.d./50 um i.d.) (Roach et al., 2010). The analysis was performed under
the following conditions: spray voltage of 3-5 kV, 0.5-1 mm distance from the tip of the
nanospray capillary to the 250 °C heated inlet of the LTQ-Orbitrap, and 0.3-0.9 uL/min flow rate
of acetonitrile : water (7:3 volume) solvent. Both positive and negative mode mass spectra were
acquired using the Xcalibur software (Thermo Electron, Inc.).

Signals with S/N > 10 were picked out using the Decon2LS software developed at the
Pacific Northwest National Laboratory (PNNL) (Jaitly et al., 2009). Data was further processed
with Microsoft Excel using a set of built-in macros developed by Roach et al. (20/1). The
background and sample peaks were first aligned, and the peaks corresponding to ’C isotopes
were removed. Peaks in the sample spectra that are at least 10 times bigger than the
corresponding peaks in the background spectra were retained for further analysis. Peaks were
segregated into different groups using the higher-order mass defect transformation developed by
Roach et al. (2011). Molecular formula was assigned with Formula Calculator v. 1.1
(http://www.magnet.fsu.edu/usershub/scientificdivisions/icr/icr _software.html) using the
following constraints: C >0, H> 0, O > 0 for the negative ion mode dataand C>0,H>0,0 >0,
Na < 1 for the positive ion mode data. Approximately 70% of the peaks can be assigned with
molecular formula within these constraints.

Section S2: HR-AMS measurement and data analysis

In this study, a High Resolution Time-of-Flight Aerosol Mass Spectrometer (Aerodyne
Res. Inc., Billerica, MA; thereinafter referred to as AMS) was used to characterize the bulk
chemical composition and elemental ratios of the low-volatility substances. The working
principles of the AMS have been discussed previously (DeCarlo et al., 2006, Canagaratna et al.,
2007). Briefly, the AMS analyzes nonrefractory aerosols that can be evaporated at ~ 600 °C via
70 eV El mass spectrometry. In this study, the AMS was operated in “V”” mode (mass resolutions
of ~3000) to acquire mass spectra up to m/z 500.

The AMS data were analyzed using the AMS data analysis software (SQUIRREL v1.12
and PIKA v1.53 downloaded from http://cires.colorado.edu/jimenez-
group/ToFAMSResources/ToFSoftware/). The V-mode data was analyzed to obtain high
resolution mass spectra (HRMS), the atomic ratios of oxygen-to-carbon (O/C), hydrogen-to-
carbon (H/C) and the organic mass-to-carbon ratio (OM/OC) (diken et al., 2008). The relative
humidity measured at the AMS inlet was very low (< 2%), and we assume that contribution from
gaseous water molecules was negligible. The H;O" signal of organics was thus determined as the
difference between the measured H,O" signal and that produced by sulfates (4llan et al., 2004).

A solution composed of equal mass concentrations of ammonium sulfate and sucrose
(C12H22011) was aatmozied and analyzed using AMS. The measured O/C and H/C ratio is 0.95
and 1.98 respectively. The error for O/C and H/C measurement is 3% and 8% respectively. Thus,
the atomization procedure generates nearly equal amount of solutes in complex mixture.




Table S1 Most abundant compounds identified in SYR aqSOA formed during different stages of

the *OH-mediated reactions.

C*3(Hg Relative abundance (ranking)*
No. Moleculir Proposed structure m") at
formula 25°C,1 | P1:0-2hrs | P2:2-4 hrs | P3:4-6 hrs
b
atm
C16H1806 - O OCHg
1 (306.1103) ’ OH 3.2E-03 100 (1) 14 (66) 0.0 (N/A)
H4CO { OCHs
Ci5sH1307 woo J
2| (310.1052) > L7E-05 | 56(2) 100 (1) 27 (28)
OH
Ci5H1606 H: O OCH,
3| (292.0946) OH 3.4E-04 46 (3) 8.6 (109) | 0.4(592)
C15H16O9 " O 4 OCH;
* 1 (340.0794) 39E-12 | 28(4) 93 (2) 100 (1)
H3CO i OCHj4
C13H14O7 OH
5| (282.0739) L 5.8E-08 19 (5) 48 (5) 29 (21)
o
OH
HO.
C15H 605 S
6 | 32408450 | L) 2.8E-09 19 (6) 23 (31) 15 (79)
OH
OCHg
OCHj,
HO
C16HisO L2 oo,
Tl 3221052y | M OH 1.7E-05 18 (7) 3.7(261) | 0.7(508)
OCH,4
C1.H,,0 "
1411207 ox ocH, )
8 1 (292.0583) 0 4.0E-11 | 17(8) 39.(9) 11 (107)
CISHISOIO
2 | (358.0900) 1.5E-13 13.(9) 50 (4) 49 (5)
CisH1,O5 LY o,
10| 310.0688) | "L OH 9.9E-11 12 (10) 45 (6) 42 (7)
OH




HaCO OCHy
C12H12O7
1 268.0583) ;I\:OH 1.3B-07 | 11(13) 43 (7) 37 (11)
HO OO
OH
HaCO OCH,
C13H1608 HO OH
121 300.0845) Hsco? 3.4E-07 | 8.1(22) 39 (8) 38 (10)
O
OH
CsHsOs 0 O
B 1 (176.0321) A, 3.1E+04 | 7.2(27) 56 (3) 80 (2)
HO. o
HaCO OCH
Ci4H609 o on
141 (328.0794) HicO 7.6E-11 | 6.7(30) 31(10) 40 (8)
(o]
OH
CsHOs T
15 | (126.0215) HOWOH 27E+01 | 4.6 (48) 30 (13) 42 (6)
C4H,Os O OH
OH
16| (134.0015) HOJ\/Kg 33E+00 | 4.4 (50) 24 (23) 61 (3)
C5H606 7 i
17 | (1620164 w0 Y o 5.0B-02 | 4.2 (54) 30 (14) 50 (4)
OH
C6H606 HO. OH
11 (174.0164) Hoﬁjw 5.2E-05 | 34(66) | 24(26) 40 9)
OH

“Molecular formulas and proposed structures of 18 compounds identified according to (-) nano-
DESI spectra. They represent the top 10 most abundant agSOA compounds observed at each
reaction stage. The exact molecular weight of each compound is shown in parentheses.

® Estimated saturation concentrations (C*, ug m™) of the compounds at 25 °C, 1 atm, determined
using the Nannoolal vapor pressure and extrapolation method.

‘Relative abundances (%) of the compounds and, in parentheses, their abundance ranks counted
in the sorted relative abundance list of all the compounds identified in the nano-DESI mass
spectrum of the specified time period.



Table S2 Most abundant compounds identified in GUA aqSOA formed during different stages
of the *C*-mediated reactions.

C (ugm™) Relative abundance (ranking)*

Molecular

No. & 2 Proposed structure | at25°C, 1 P3 4.6
ormula atm® P1:0-2 hrs | P2:2-4 hrs hrs

OCH3

Ci4H1404 Ho

Pl (246.0892) J 0 ocHa 8.8E-01 100 (1) 60 (2) 32(2)

OH
OCH,
HO

Ci4H1406 O Qs

2| (278.0790) Ho 2.5E-05 79 (2) 100 (1) 100 (1)

OH
OH

C211_12006 " O OCHSOH

3| (368.1259) l o 4.1E-11 65(3) 34 (3) 16 (6)
C20H1806

4| (354.1103) 8.0E-09 28 (4) 23 (4) 12 (10)
Ci3H,,04

S| (232.0735) 8.7E-02 19(5) 15(9) 11 (11)
C21H1808

6 | (398.1001) 5.7E-14 16 (6) 22(5) 20 (3)
C21H2008

71 (400.1158) 5.0E-13 14 (7) 19 (6) 18 (4)
Ci4H204

8 1 (276.0634) 3.1E-06 13.(8) 17.(7) 17 (5)
C28H2608

7 | 490.1627) 1.8E-15 10(9) 43(23) | 1.3(104)
Ci4H,405

101 262.0841) 6.0E-03 | 92(10) | 7.0(12) | 47(23)




0 OCH;
CaoH160; Ly
1| (368.0896) 0L 1.6E-12 9.0 (11) 16 (8) 14 (8)
OH O oH
OH
Ci3H100s o~ OoH
12| (246.0528) ® ® 47B-05 | 6.9(12) 13 (10) 15(7)
OH oH
OCH,
HO.
C13H 1204 (o ]
13| (264.0634) O 1.1E-06 6.2 (14) 11 (11) 14 (9)
OH
OH

*Molecular formulas and proposed structures of 13 compounds identified according to (-) nano-

DESI spectra. They represent the top 10 most abundant agSOA compounds observed at each
reaction stage. The exact molecular weight of each compound is shown in parentheses.

® Estimated saturation concentrations (C, pg m™) of the compounds at 25 C, 1 atm, determined

using the Nannoolal vapor pressure and extrapolation method.

‘Relative abundances (%) of the compounds and, in parentheses, their abundance ranks counted
in the sorted relative abundance list of all the compounds identified in the nano-DESI mass

spectrum of the specified time period.




Table S3 Most abundant compounds identified in GUA aqSOA formed during different stages
of the *OH-mediated reactions.

C’ m> : T
No Molecular Proposed o éPSlz‘:’; o 1) I?ela‘uve abunfiance (rankmg)
' formula® structure tm ’ P1:0-2 P2:2-4 P3:4-6
atm hrs hrs hrs
OCH,
Ho OCHg4
1 (571;‘;1{()1;(9)3) ne 0) 2.5E-05 100(1) | 100(1) | 100 (1)
' OH
OH
OCH,4
HO
2 (Sig}{;gg;) OCH3 8.8E-01 52(2) 372) 18 (3)
O OH
OCH,
Ho OCH4
3 Sek1355 - 4.1E-11 28 (3) 10 (7) 5.1(21)

oH
(368.1259) L oo,
®

HO
Ci3Hp0
4 (23132 01;33‘) > @ 8.7E-02 23 (4) 15 (5) 12 (8)
' OH

OCH,
HO. OH
CaoH1s06 UL oo,

> (354.1103) (L on| B8OE09 19.(5) 8.1(11) | 4.9(22)
(L,
O.__OH
C8H603
6 (150.0317) é 5.2E+02 15(6) | 0.0(N/A) | 1.7(82)
O/
OH
CuliOs | “ X o,
’ 276.0634) | "7 3.1E-06 13(7) 17 (3) 17 (4)
OH
OH
OH
Ci3H;00s 07 OH
8 (246.0528) » 0 4.7E-05 12.(8) 15 (4) 18 (2)
OH on
? OCHj
C21H1808
9 (398.1001) 5.7E-14 99(9) | 87(10) | 8.3(12)
Ci3H 206
101 (264.0634) 1.IE-06 | 9.7(10) 12 (6) 16 (5)




o
|
Ci3H,100; ®
11 (230.0579) | *° O 1.2E-02 6.2(16) | 9.4(9) 14 (6)
OH
OH
1
C13HIOO3
12| 5140630) O 20E+00 | 55(19) | 6.7(14) | 8.7(10)
o o
C7HIOO()
13| (190.047) Hok/m)/ﬁof‘ﬁOH 44B-03 | 371 | 10(8) 13 (7)
CHO (o) OH
4HeUs oH
41 (1340215 HoJ\/KO( 5.6E+00 | 0.0(N/A) | 0.0(N/A) | 9.6 (9)

*Molecular formulas and proposed structures of 14 compounds identified according to (-) nano-

DESI spectra. They represent the top 10 most abundant agSOA compounds observed at each
reaction stage. The exact molecular weight of each compound is shown in parentheses.

® Estimated saturation concentrations (C, pg m™) of the compounds at 25 *C, 1 atm, determined

using the Nannoolal vapor pressure and extrapolation method.

“Relative abundances (%) of the compounds and, in parentheses, their abundance ranks counted
in the sorted relative abundance list of all the compounds identified in the nano-DESI mass

spectrum of the specified time period.




Table S4 Most abundant compounds identified in PhnOH agSOA formed during different stages

of the *C*-mediated reactions.

Molecular C: (g m’ Relative abundance (ranking)*
No. f la® Proposed structure ) at 25 P1: 0-5 P2 5.9 P3-19-20
ormula OC, 1 atmb hrs e s
HO O
Ci2H 1003
b1 (202.0630) OH 9.0E-01 | 100(1) | 100(1) | 5.7(18)
HO. O OHOH
Ci3H 1405
2| 278.9042) ® 0 6.5E-04 88 (2) 41(7) 0.5 (194)
OH
CisH1404 O X oH
3| (294.0892) C s 2.4E-06 45(3) 40 (8) 1.9 (69)
Ci2H100, O
4| (186.0680) OH 9.2E+01 27 (4) 25(10) | 0.6(175)
o]
|
C13H1003
5| 210630 A 20E+00 | 21(5) 42 (5) 23 (5)
OH
[ 0
C1sH 1205 L
6 | (308.0684) (0 4.0E-07 21(6) 44 (4) 1.8 (80)
O‘ OH
OH
C20H1406 O OH
7 (350.0790) OH O O 1.1E-10 20 (7) 70 (2) 26 (4)
o
C14H 1304
8 1 (370.1204) 9.2E-10 16 (8) 5945) | 0.0(N/A)
Ci3H1004
9 | (230.0579) 1.2E-02 16 (9) 42 (6) 34 (2)
CisH;,04
101 292.0735) 6.0E-04 | 13(10) | 89(23) | 0.1(377)
C1aH10Os (G
| (258.0528) ® & LOE-04 | 11(11) | 3109 17(9)
|




C8H6O5 OH
121 (182.0215) % 8.8E-02 | 53(18) | 9.4(21) 8.8 (10)
o5
C7H603
13| (138.0317) é 93E+03 | 42(21) | 17(11) 20 (6)
OH
/O
C7H6O4 HO. OH
14 (154.0266) \QS/ 1.6E+01 2.4 (37) 9.6 (20) 19 (7)
OH
C4H4O4 O O
151 (116.0110) Ho—{_ )0 I.IE+03 | 0.6(95) | 6.5(37) 18 (8)
C4HqOs )OK/O;(OH
16| (134.0215) Ho >y 56E+00 | 0.0(N/A) | 52(3) 100 (1)
Calle0s JOV\(O” 23E+03 | 0.0 (N/A) | 0.0 (N/A 343
17 (118.0266) Y : O (N/A) | 0.0 (N/A) (3)

*Molecular formulas and proposed structures of 17 compounds identified according to (-) nano-
DESI spectra. They represent the top 10 most abundant agSOA compounds observed at each
reaction stage. The exact molecular weight of each compound is shown in parentheses.

®Estimated saturation concentrations (C*, ug m™) of the compounds at 25 °C, 1 atm, determined
using the Nannoolal vapor pressure and extrapolation method.

‘Relative abundances (%) of the compounds and, in parentheses, their abundance ranks counted
in the sorted relative abundance list of all the compounds identified in the nano-DESI mass
spectrum of the specified time period.
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Table S5 Most abundant compounds identified in PhOH aqSOA formed at different stages of the
*OH-mediated reactions.

C* -3 1 . c
Molecular Proposed tékslgo én 1) Relative abundance (ranking)
No. formula® structure A bl o6 hs | P216-12 | P3: 23-
atm ] hrs 24 hrs
(o]
|
Ci3H;904 O
1 (230.0579) © I N 1.2E-02 100 (1) 100 (1) 48 (2)
OH
Ci3H,00 [
131110V3
2 21h0630) S 2.0E+00 90 (2) 60 (4) 19 (9)
HO.
C12H100; ®
3 (202.0630) OH 9.0E-01 48 (3) 24 (8) 2.1 (86)
o‘ o OH
O OH
C20H 1405 OH
4 (350.0790) L 0 I.1E-10 47 (4) 68 (2) 29 (4)
o
O‘ OH
5 Ci14H;1005 O " 1.0E-04 39 (5) 34.(5) 15 (12)
(258.0528) 5 ‘
O._OH >
CsHO;
6 (150.0317) @ 8.5E-08 27(6) 7.3(32) | 2.0(88)
-
C H O HO. OH
6L16\J5
7 (158.0215) » :/OH:OH 2.2E-02 19.(7) 27 (7) 19 (8)
/O
C7H604 HO OH
8 (154.0266) 1.6E+01 15 (8) 27 (6) 26 (5)
OH
HO__O
C8H605 OH
) (182.0215) é/ 8.8E-02 15(9) 11(22) | 7.4(23)
0% oH
OH
HO.
Ci2H10; &
10 15,0979, 4.7E-03 14 (10) 19(10) | 4.5(34)
OH
OH
1 CaHeOs HOJOK/OHH(OH 52E+00 | 0.0 (N/A) 62 (3) 100 (1)
(134.0215) I : -
HO. 0]
O b1 on
11H10 8
12 (270.0376) o on 47E-11 | 0.0 (N/A) 20 (9) 10 (14)
HO (o)

11




o
13 (1?21{6,5646) HoA S O 23E+03 | 0.0(N/A) | 0.0(N/A) | 33(3)
° [e)
14 (1(7:%}.{)8%1) w 3.1E+04 9.0 (19) 16 (11) 21 (6)
15 (1(132}3340) HO@OH 1.1E+03 1.6 (48) 12 (16) 21 (7)
16 CsHOs HOWOH 5.0E-02 1.8 (44) 7.1(35) | 16(10)
(162.0164) i : : :

*Molecular formulas and proposed structures of 16 compounds identified according to (-) nano-
DESI spectra. They represent the top 10 most abundant agSOA compounds observed at each
reaction stage. The exact molecular weight of each compound is shown in parentheses.

® Estimated saturation concentrations (C, pg m™) of the compounds at 25 C, 1 atm, determined
using the Nannoolal vapor pressure and extrapolation method.

Relative abundances (%) of the compounds and, in parentheses, their abundance ranks counted
in the sorted relative abundance list of all the compounds identified in the nano-DESI mass
spectrum of the specified time period.
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Table S6 Most abundant compounds identified in SYR aqSOA formed at different stages of the

3C*-mediated reactions using (+) nano-DESI MS.

Relative abundance (%) (ranking)®
No Molecular Proposed C*(ug m™) . .
’ formula® structure at 25 °C, 1 P1:0-2 P2:2-4 P3: 4-6 hrs
b hrs hrs
atm
Ci6Hi1506
1 (306.1103) | Heo °°H3 3.1E-03 100 (1) | 0.0(N/A) | 0.0 (N/A)
OCH
CisHi507
2 | (310.1052) HaCO 7 1.7E-05 78.1(2) | 30.9(5) 0.5 (53)
CioHs0;
3 | (176.0473) 2.3E-09 43.2 (3) 100 (1) 100 (1)
CH3 OH
Ci2H1404
4 | (222.0892) 2.1E-09 187(4) | 3194 43.7 (2)
C14H1404 HO O OcH,
5 | (278.0790) HO O 2.5E-05 1450) | 4727 1.1(23)
Ci3H1405
6 | (250.0841) 2.0E-12 8.7(6) | 2.2(48) 0.2 (115)
CpsH 1,04 H3CO OCH,
7 | (282.0740) 5.8E-08 7.2(7) | 14.0(11) 2.7(7)
OH
OCH3
CisHi1507 "o O OH
8 | (322.1053) | Hsco O OCHs 1.7E-05 6.2 (8) 0 (N/A) 0.0 (N/A)
OH
OCH,4
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C15Hi60s Ul oo
9 Ho < | 34B-04 | 53(9) | 0.0(N/A) | 0.0 (N/A)
(292.0946) Cl Ny
OCH,4
10 ((3:;5;1689003)) 1.5E-13 48 (10) | 64.5(2) 5.0 (4)
CsH 00
| (202.0477) RO 59E-02 | 45(11) | 497(3) | 53(3)
OH
CgH ;004 o OOCH
12| (218.0427) | o oo 42E-02 | 0.8(42) | 25.1(6) | 0.6(50)
o HO
C15H1609
13| (340.0794) 39E-12 | 3.9(12) | 23.0(7) 3.1(6)
CsHaO5 0.0
141 (148.0160) 7.3E-06 Na)y | 2250 3.5 (5)
15 (5452}33(5)3) 6.6E21 | 23(17) | 21.59) | 1.0(28)
16 (2%7;1525(;73) N/A 1.0(33) | 19.0(10) | 1.027)
HO O
H3CO OCH,4
17 gﬁé‘}(zl;) oY e 27E-14 | 0.6(46) | 7.9 (14) 1.9 (8)
© OH
OH
HO. (0]
H,CO OCH,4
18| Sasoson | e X T6E-11 | 08(39) | 65(20) | 17(9)

14




HO.__O
HsCO OCH,4
C14H1608 HO
(312.0845) | oo~

O

19 2.5E-08 | 09(35) | 62(22) | 1.5(10)

OH

*Molecular formulas and proposed structures of 19 compounds identified according to (+) nano-
DESI spectra. They represent the top 10 most abundant agSOA compounds observed at each
reaction stage. The exact molecular weight of each compound is shown in parentheses.

®Estimated saturation concentrations (C ug m’) of the compounds at 25 °C, 1 atm, determined
using the Nannoolal vapor pressure and extrapolation method.

‘Relative abundances (%) of the compounds and, in parentheses, their abundance ranks counted
in the sorted relative abundance list of all the compounds identified in the nano-DESI mass
spectrum of the specified time period.
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10 % o ® SYR+°C*
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2 . *o ° ® PhOH + °C*
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Figure S1. Evolution of concentrations of 3,4-DMB as a function of reaction time during
individual experiments. Different reaction conditions are represented by corresponding colors.
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(@) SYR + °C* (b) SYR + *OH

_ 100+ _ 100
g &
S 807 5 807
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f—g 60_ .,C_E 60_
2 40- 2 40
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X >
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Figure S2. The signal-weighted distributions of (a-b) SYR, (c-d) GUA, and (e-f) PhOH aqgSOA
formed during three different stages of the *C*- and *OH-mediated reactions, respectively, based
on the degree of oligomerization. The data are from the (—) nano-DESI MS spectra.
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Figure S3. OS¢ and nc of SYR agSOA formed during different stages of *OH-mediated
reactions determined based on (-) nano-DESI MS spectra. Signals are colored by the relative
abundance of the molecules. The black star at nc = 8 represents SYR. The shaded ovals indicate
locations of different ambient organic aerosol classes reported in Kroll et al. (20117).
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Figure S4. OS¢ and nc of GUA aqSOA formed during different stages of *C*-mediated
reactions determined based on (-) nano-DESI MS spectra. Signals are colored by the relative
abundance of the molecules. The black star at nc = 7 represents GUA. The shaded ovals indicate
locations of different ambient organic aerosol classes reported in Kroll et al. (20117).
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Figure S5. OS¢ and nc of GUA aqSOA formed during different stages of *OH-mediated
reactions determined based on (-) nano-DESI MS spectra. Signals are colored by the relative
abundance of the molecules. The black star at nc = 7 represents GUA. The shaded ovals indicate
locations of different ambient organic aerosol classes reported in Kroll et al. (20117).
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Figure S6. OS¢ and nc of PhOH aqSOA formed during different stages of *C*-mediated
reactions determined based on (-) nano-DESI MS spectra. Signals are colored by the relative
abundance of the molecules. The black star at nc = 6 represents PhOH. The shaded ovals indicate
locations of different ambient organic aerosol classes reported in Kroll et al. (20117).

21



(-) DESI PhOH + OH ———
1 2 3 4 5

3- P1: 0-6 hrs Rel. abund. (%)
2_
17 LV-00 e °
[ 1'& [ ]
0_ o .3. ...S'C')/' e ~ 9
°¢
-14 BBOA
-2 T T HO? T T T T T T T T T T !
37 p2: 6-12 hrs
2 °
[ ] [ ]
14 JD o020
O S 1 :.
%) 0—.u|ol!lll!|”|'slc|>“ l!’
o) RS KR P
.14 BBOA
-2 L | Hoﬁ' T - T - T T T "~ T T "~ T 1T "1
31 .
P3: 23-24 hrs °
2_ .. [ J
° °2°
1- ] 3'6:
L_
of connnnttepU L
$§°3
-1 BBOA
HOA
-2 —— —T L — T T T T T T

LI T L
2 20 18 16 14 12 10 8 6 4 2
Ne

T T
30 28 26 24 2

Figure S7. OS¢ and nc of PhOH aqSOA formed during different stages of *OH-mediated
reactions determined based on (-) nano-DESI MS spectra. Signals are colored by the relative
abundance of the molecules. The black star at nc = 6 represents PhOH. The shaded ovals indicate
locations of different ambient organic aerosol classes reported in Kroll et al. (2011).
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