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Fig. S1 (a) Absorption cross sections of Cl and Br precursors used in this study, with references as noted: 'C,Cl,0,1, 2C,Br,0,22, 3Cl,*, “Br,5. (b)
Normalized emission spectra for low-pressure GPH436T5L/4P, F436T5/UVB/4P-313, F436T5/BLC/4P-369, and F436T5/SDI/4P-421 mercury lamps
used in this study. Spectra are provided by the manufacturer (GPH436T5L/4P: Light Sources Inc.; all others: LCD Lighting, Inc.
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Fig. S2 Cl exposure calibration data obtained as a function of lamp voltage and external Cl reactivity for the OFR313-iCl, method. These data were
obtained at torgr = 130 s with 12 ppm Cl, injected into the OFR. Error bars represent +10 in replicate measurements.
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Fig. S3 Cl exposure calibration data obtained as a function of lamp voltage for the OFR254-iC,Cl,O, method. These data were obtained at tor = 90
s with 4.2 ppm C,Cl,0, and 636 ppb O; injected into the OFR. Error bars represent +1c in replicate measurements.
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Fig. S4 Br exposure calibration data obtained as a function of lamp voltage and external Br reactivity for the OFR369-iBr, method. These data were
obtained at torg = 130 s with 1.9 ppm Br,, injected into the OFR. Error bars represent +1¢ in replicate measurements.
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Fig. S5 Br exposure calibration data obtained as a function of lamp voltage and external Br reactivity for the OFR254-iC,Br,O, method. These data
were obtained at torr = 130 s with 1.8 ppm C,Br,0, injected into the OFR. Error bars represent +1c in replicate measurements.
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Fig. S6 Relationship between Br exposure obtained using OFR421-iBr, and OFR369-iBr, methods at equivalent lamp voltages and external Br
reactivity values. Symbols are sized by lamp voltage and colored by external Br reactivity. The solid linear regression line has a slope of 2.16. The

dashed line represents a line with a slope of Br, absorption cross sections at 369 and 421 nm from Maric et al. B,
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Fig. S7 L-ToF-AMS spectrum obtained during OFR conditioning with humidified air, O5, and OH (generated using OFR185) immediately following CI-
OFR experiments conducted using OFR254-iC,Cl,0,. Similar spectra were obtained after OFR185 conditioning following OFR313/369-iCl, studies.
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Fig. S8 CI-SOA hydrogen-to-carbon (H/C) ratio as a function of the fraction of CI-SOA signal measured at m/z = 43 (f43). Here, H/C and fs3 were
obtained from L-ToF-AMS spectra. Solid black line is a quadratic regression line from Ng et al.®.
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Fig. S9 CI-SOA hydrogen-to-carbon (H/C) ratio as a function of the fraction of CI-SOA signal measured at m/z = 41 (f4;). H/C and f4; were obtained
from L-ToF-AMS spectra. Solid black line is a power law regression line fit to the data.
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Fig. $10 Square of the Pearson correlation coefficient (r?) between L-ToF-AMS spectra of (a) n-C4, OH-SOA generated at OHeyp = 2.2x10!! cm=3 s)
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spectra obtained as a function of OHex, Or Cleyp.
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Fig. S11 Square of the Pearson correlation coefficient (r?) between L-ToF-AMS spectra of (a) isoprene OH-SOA generated at OHeyp = 3.1 x10'0 cm—3
s) and isoprene OH-/CI-/Br-SOA obtained as a function of OHeyp, Clexp OF Brexp (b) a-pinene OH-SOA generated at OHeyp = 6.7x10'° cm™3 s with
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Fig. S12 High-resolution L-ToF-AMS spectrum of -pinene Br-SOA at m/z = 245. Multiple ions were assigned to the peak at m/z=245, with the largest
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Fig. S13 High-resolution L-ToF-AMS spectrum of a-pinene Br-SOA at m/z = 247. Multiple ions were assigned to the peak at m/z=247, with the largest
contribution coming from C,4H,, 8'BrO,*, followed by CgH,,BrO5* and C;oH;BrO,*.
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Fig. S14 Mass yields of SOA generated from (a) OH and Cl oxidation of n-C4,, (b) OH and CI oxidation of toluene, ¢ OH, CI, and Br oxidation of
isoprene, and (d) OH, Cl, and Br oxidation of a-pinene as a function of OHeyp,, Clexp, OF Brexp. Closed symbols represent SOA yield values with particle
wall loss correction factors applied; open symbols represent the same data without particle wall loss correction factors. Different y-axis scales are used
in each subpanel. Error bars indicate +10 uncertainty in binned SOA yield values, +£50% uncertainty in OH exposure values, and +£70% uncertainty in
Cl and Br exposure values. Additional figure notes: ' Cl generated using OFR254/313-iC,Cl,0O,; 2Cl generated using OFR313/369-iCl,; *Br generated
using OFR254-iC,Br,0,; *Br generated using OFR369/421-iBr,.



Table S1 KinSim mechanism used to model Cl and Br formation and destruction in the OFR.

Reactant 1 Reactant 2 Product1 Product2 Product3 As Eco Neo Ay Eo nyg References
cl, HV254 2cl 7.26x1022 0 0 0 0 0 4
cl, HV313 2cCl 2.032x107 1 0 0 0 0 0 4
cl, HV369 2cl 8.828x10~%0 0 0 0 0 0 4
cl, o('D) cl, ocp) 2.19x10°1° 0 0 0 0 0 L
cl, o('D) clo cl 1.99x10-10 0 0 0 0 0 g
cl, ocp) clo cl 4.17x10712 1370 0 0 0 0 2
cl, OH HOCl cl 3.6x10712 1200 0 0 0 0 2
cl, cl Cly 1.51x10°16 0 0 0 0o 0 10
cl, Br BrCl cl 1.1x1071 0 0 0 0 0 1l
cl, CICO COCl, Cl 4.18x107'2  1490.14 0 0 0 0 =

C,Cl,0,  HV254 2Cl 2CO 2.76x10~1 0 0 0 0 0 1

C,Cl,0,  HV313 2Cl 2CO 8.19x1020 0 0 0 0 0 L

C,Cl,0, cl cl, Co cocl 4x10714 0 0 0 0 0 L
Br, HV369 2Br 1.78x10° 1 0 0 0 0 0 2
Br, HV421 2 Br 6.45x101° 0 0 0 0 0 2
Br, ocp) BrO Br 5.11x1071%  .989 0 0 0 0 14
Br, OH Br HOBr 2x1071 240558 0 0 0 o0 2
Br, cl Br BrCl 2.3x10710 134713 0 0 0 0 12

C,Br,0,  HV254 2 Br 2CO 1.68x10 18 0 0 0 0 0 :

C,Br,0, Br Br, co COBr 4x10714 0 0 0 0 0 10
0,4 HV254 0, o('D) 1.03x10°"7 0 0 0 ) 1Z
oR HV313 0, o('D) 6.84x1020 0 0 0 0 0 1/
oR HV369 0, o('D) 3.59x1072 0 0 0 0 0 17
0,4 HV421 0, o('D) 6.47x1072 0 0 0 0 0 17
oR cl clo 0, 2.3x10° ! 200 0 0 0 0 2
o clo 0, ocClo 1x10°18 0 0 0 0 0 2
O4 clo 0, CloO 1.5x10717 0 0 0 0 0 J
O4 0cClo 0, Clo, 2.1x10712 4700 0 0 0 0 2
0,4 Cl,0, 0, Cloo clo 1x10°" 0 0 0 0 o0 J
0,4 Br 0, BrO 1.7E-11 799.856 0 0 0 o0 2
0, BrO 20, Br 2E-17 0 0 0 0 0 1d
0, BrO, 5E-16 0 0 0 0 0 12
cl OH HCl ocp) 9.8x10° 12 2860.24 0 0 0 0 a0
cl HO, HCl 0, 1.4x10!! -270 0 0 0 0 .
cl HO, OH clo 6.3x10~'"  570.123 0 0 0 0
cl cl cl, 6.15E-34  -905.701 0 0 0 0 20
cl 0, Cloo 0 0 0 14x100¥ 0 39
cl H, HCl H 3.9x10°1 231056 0 0 0o o0
cl H,0, HCI HO, 1.1x107 1 980 0 0 0 0
cl co clco 3.4x107 1 0 0 0 0 0 el

Cclco cl co 4.1x1071%  2960.07 0 0 0 0 2
cl ClCO cl, co 2.16x107° 1670.68 0 0 0 0 L
clo HV254 cl 0oCP) 4.25x10718 0 0 0 0 0 ad
clo HV313 cl 0oCP) 3.25x10°" 0 0 0 0 0 =
clo ocp) cl 0, 2.5x10°!1 -109.454 0 0 0 0

clo OH HCl 0, 1.2x10712 0 0 0 0 0

clo OH HO, cl 1.9x10° 1! 0 0 0 0 0

clo HO, 0, HOCI 48x107°13  700.024 0 0 0 0 i
clo HO, HCl 04 2.01x10" 1 0 0 0 0o o0 21
clo cl cl, ocp) 1.74x10712  4589.85 0 0 0 0 20
clo clo oclo cl 3.5x10°13 1370 0 0 0 o0

clo clo Cl,0, 1x107 1 0 0 205x10732 0 4



Table S1 KinSim mechanism used to model Cl and Br formation and destruction in the OFR (continued).

clo clo Cloo Cl 8.06x10~15 0 0 0 0 0 2
clo clo 0, 2cCl 3x10~ ! 2450 0 0 0 0 22
clo clo 0, cl, 1x10~12 1590 0 0 0 0

clo BrO oclo Br 1.6x10712 430599 0 0 0 0

clo BrO Cloo Br 29x10712  .220.111 0 0 0 0

clo BrO BrCl 0, 58x10° 1% -169.593 0 0 0 0

oclo HV254 clo ocp) 3.49x10°" 0 0 0 0 0 ad
0cClo HV313 clo ocp) 1.74x10~ 18 0 0 0 0 0 ad
ocClo HV369 clo ocp) 9.03x10~ '8 0 0 0 0 0 ad
oclo ocp) Cclo 0, 2.4x10712 960 0 0 0 0 2
oclo ocp) Clo, 3.11x107 ! 0 1 1.91E-31 0 o0 2
oclo OH 0, HOCI 1.4x10712 -600 0 0 0 0 2
oclo cl 2Clo 3.2x1071 -169.593 0 0 0 0 2
oclo clo Cl,0,4 2.4x107°1 0 0 62x107%2 0 47 2
oclo Br clo BrO 2.7x107'' 130022 0 0 0 0 2
Cloo HV254 clo 0CP) 1.24x10° 17 0 0 0 0 0 26
cloo cl 0, 0 0 0 28x10710 1820 0 2
Cloo H clo OH 5.65x107 1! 0 0 0 0 0 20
Cloo ocp) clo 0, 4.98x10~ 1 0 0 0 0 0 27
Cloo cl cl, 0, 2.3x10710 0 0 0 0 0 2
cloo cl 2Clo 1.2x107 ! 0 0 0 0 0 _-
Cloo Br 0, BrCl 5.15x107 14 0 0 0 0 0 28
ClL,0 HV254 clo Cl 1.84x10° 18 0 0 0 0 0 22130
Cl,0 HV313 cl, cl 3.94x10°" 0 0 0 0 0 29.30
Cl,0 HV369 cl, Cl 5.43x107%! 0 0 0 0 0 22030
Cl,0 H clo HCl 4.1x1071 0 0 0 0 0 2l
Cl,0 ocp) 2Clo 2.7x107 1 530 0 0 0 0 2
Cl,0 OH HOCI clo 5.1x107 12 -100 0 0 0 0 2
Cl,0 cl cl, clo 6.20x10°!" 129901 0 0 0 0 2
ClL,0 clo cl, Cloo 4.32x1071 0 0 0 0 0 2/
Cl,0 clo cl, Cl 0, 1.08x10713 0 0 0 0 0 2
Cl,0 Br clo BrCl 2.1x10°1 470291 0 0 0 0 2
Cl,0, HV254 Cloo cl 6.01x10~ 18 0 0 0 0 0 30033
Cl,0, HV313 Cloo cl 3.81x10°" 0 0 0 0 0 3033
Cl,0, HV369 Cloo cl 4.76x10720 0 0 0 0 0 3033
Cl,0, 2 Clo 3.7x1077  7690.64 0 0 0 0 .
Cl,0, OH HOCI Cloo 6x10713 -670 0 0 0 0 id
Cl,0, cl cl, Cloo 7.6x10711 -65 0 0 0 0
Cl,0, Br Cloo BrCl 59x107!12  169.593 0 0 0 0
Cl,0,4 HV254 1.443x10° 1 0 0 0 0 0 ad
Cl,04 HV313 1.86x10°18 0 0 0 0 0 ad
Cl,04 Clo 0ClO 1.4x10719  3810.44 0 0 0 0 d
BrO HV369 Br oCp) 1.01x10° '8 0 0 0 0 0 e
BrO ocp) BrO, 5x107! 0 0 0 0 0 34
BrO 0CP) Br 0, 1.9x10~ 1 -230 0 0 0 0 2
BrO OH 0, HBr 1x10712 0 0 0 0 0 0
BrO OH 1.8x10°!!  -250.18 0 0 0 0 2
BrO HO, 0, HOBr 6.19x10712  500.361 0 0 0 o0 G6
BrO BrO Br BrO, 5.25x107!1  449.844 0 0 0 0 iz
BrO BrO 0, 2 Br 2.7x10712 0 0 0 0 0

BrO BrO Br, 0, 2.5x107° 1 0 0 0 0 0

BrO, HV421 BrO ocp) 5.70x10~ '8 0 0 0 0 0 2z
BrO, ocp) BrO 0, 4.25x10712 0 0 0 0 0 34

10



Table S1 KinSim mechanism used to model Cl and Br formation and destruction in the OFR (continued).

BrO, Br 5x10~! 0 0 0 0 0 34
BrO, clo 1.5x10713 0 0 0 0 0 h
BrO, 0Clo 6x10714 0 0 0 0 0 i
HCl H H, Cl 1.32x10°" 171037 0 0 0 0 20
HCl o(ip) cl OH 1x10710 0 0 0 0 0 52
HCl o('D) clo H 3.6x10°1 0 0 0 0 0 i
HCl 0oe3p) cl OH 1x107 1! 3300 0 0 0 0 23
HCl OH cl H,0 1.72x10712 229.733 0 0 0 0 2
HOCI HV254 OH Cl 1.46x10~19 0 0 0 0 0 40
HOCI HV313 OH Cl 5.84x10~20 0 0 0 0 0 2y
HOCI HV369 OH Cl 9.19x10~2 0 0 0 0 0 2
HOCI H HCl OH 6.71x10~13 0 0 0 0 0 zal
HOCI 0o(3P) Clo OH 1.7x10713 0 0 0 0 0 2
HOCI OH clo H,0 3.01x10712 500 0 0 0 0 2
HOCI cl Clo HCl 3.4x10712 130 0 0 0 0 23
HOCI cl OH cl, 3.4x10°13 0 0 0 0 0 el
HBr H Br H, 8.32x107!2  81.7898 1.05 0 0 0 42
HBr o('D) 1.5x10710 0 0 0 0 0 23
HBr o(C3p) Br OH 5.8x10712 1500 0 0 0 0 23
HBr OH Br H,0 6.7x10712  -15516 0 0 0 0 2
HBr cl Br HCl 7.8x10712 0 0 0 0 0 20
HBr Clo Br HOCl 5.60x10~13 0 0 0 0 0 43
HBr BrO Br HOBr 6.19x10°15 0 0 0 0 0 43
HOBr HV254 OH Br 6.19x10~20 0 0 0 0 0 22
HOBr HV369 OH Br 9.32x10°20 0 0 0 0 0 22
HOBr HV421 OH Br 9.67x10~ 2 0 0 0 0 0 22
HOBr 0o(3p) BrO OH 1.2x10°10 430.6 0 0 0 0 2
HOBr OH 5x10~13 0 0 0 0 0 44
HOBr cl BrcCl OH 8x10~ 1 0 0 0 0 0 44
BrCl HV254 Br Cl 3.24x10~20 0 0 0 0 0 8
BrCl HV313 Br cl 2.51x10°20 0 0 0 0 0 4
BrCl HV369 Br Cl 3.96x10719 0 0 0 0 0 3
BrCl HV421 Br Cl 1.78x10~1° 0 0 0 0 0 2
BrCl 0o(3p) BrO Cl 2.09x10~1 0 0 0 0 0 40
BrCl OH 1.5x10712 0 0 0 0 0 44
BrCl cl Cl, Br 1.45x107! 0 0 0 0 0 40
BrCl Br Br, Cl 3.32x10° 13 0 0 0 0 0 —~
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