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Reactions

Table S1. Inorganic photochemistry reactions and rate coefficients used in this work

Reaction Rate constant
0, + hv — 20(C°P) j=6.0x10"3*
03 + hv — 0, + OC°P) j=10"°6
O3 +hv — O('D) + O, j=12x10""
0, + O(’P) — 03 ko = 6.0 x 1073%(T/300) =21, koo = 3.0 x 10712
H,0 + O('D) — 20H 2.2x10°10

HO,; + O3 —— 20, + OH

1.1 x 10 Mexp (—490/T)

OCP)+OH — 0, +H

2.2 x 10 Texp (—120/7T)

O(°P) + HO, — OH + O,

3 xexp(—-200/T)

H02 + H02 e H202 + 02

3.0 x 10~ x exp (460/T) + 1.7 x 1033 x M exp (1000/7)

NO; — NO, + O(°P) 7 =0.099
NO; — NO + 0, j=0.04
03 +0OH — HO, + 0, 1.7 x 10~ 2 exp (—940/T)
NO + 0; — NO, + O, 1.7 x 10~ exp (—1400/T)
NO, — NO + O(°P) j=4x1073
NO; + 03 — NO3 + O, 3.2x 10717
NO, + NO3; — N,0s ko =2 x 10739(T/300) %4, ko = 1.4 x 10~ 12(T/300) 07
N,0s — NO, + NO; j=25x10""°
NO + NO; — 2NO, 2.6 x 10~ 11

S|z | S| 2| G| B ]| 2| 3] 0| o] <] | | | | 9] = 5

NO, + OH — HNO;

ko =1.8 x 1073%(T/300) 3, koo = 2.8 x 10711

20 NO, + O(°P) — NO; ko = 2.5 x 10731(T/300) =18, koo = 2.2 x 10~ 11(T/300) =07
21 | NO; + O(®°P) — NO + O, 1x10~ 1
22 | HO, +NO — NO, + OH 3.5 x 10~ exp (250/7)




Table S2. Alpha-pinene (AP) chemical reactions and rate coefficients used in this work

# Reaction Rate constant

23 AP + O3 — 0.250%RO, + 0.75RO, + 0.8 OH 8x 10717

24 AP + OH — 0.9RO, + 0.10x,RO, 5.4 x 10~ 1T

25 AP +NO; — RO, 6.2 x 10712

26 OxoRO, — Ox;RO, 108 exp (—7500/T)
27 NO + RO; — 0.75NO; + 0.75RO + 0.25RONO, 10~ 11

28 HO, + RO, — ROOH 10~ 11

29 2RO, — 2RO + ROOR 10-13

30 RO, — RO 10" exp (—13000/7)
31 Ox1RO, — Ox,R0O, 7x 107 exp (—7500/T)
32 | NO + Ox;RO; — 0.75NO; + 0.750x,RO + 0.250x,RONO, 10~ 11

33 HO, + Ox;RO, — Ox;ROOH 10~ 11

34 Ox,RO; + RO, — Ox;RO + Ox;ROOR + RO V10712 x 10-13
35 20x;RO; — 0x;0x;ROO0OR +20x;RO 10~12

36 Ox,RO, — Ox;RO 10™ exp (—13000/T)
37 Ox,RO, — Ox3R0, 6 x 107 exp (—7500/T)
38 | NO + Ox,R0, — 0.75N0, + 0.750x,RO + 0.25 0x,RONO, 10~11

39 HO, + Ox,R0O, — Ox,ROOH 10~

40 Ox,R0, + RO, — Ox,RO + Ox,ROOR + RO V10-11 x 10-13
41 0Ox;R0O; + Ox,RO, —— Ox;RO + 0x,0x;RO0R + Ox,RO \/10_12 x 10-11
42 20x,R0, — Ox,0x,RO0R + 20x,RO 10~ 11

43 Ox,R0O, — Ox,RO 10% exp (—13000/T)
44 [ NO + Ox3R0, — 0.75NO; + 0.750x3RO + 0.25 0x3;RONO, 10~11

45 HO, + Ox3R0, — Ox3ROOH 1011

46 Ox3R0, + RO, — Ox3R0 + Ox3RO0R + RO V10710 x 10-13
47 0Ox;RO; + Ox3R0O, —— Ox;RO + Ox30x;ROO0R + Ox3RO \/10_12 x 10-10
48 | Ox,RO; + Ox3R0; — Ox,RO + Ox30%,RO0OR + Ox3RO V1011 x 10-10
49 20x3R0, — Ox30x3ROO0R + 20x3RO 10~10

50 Ox3R0, — Ox3RO 10™ exp (—13000/T)

Reactions specified with ky and k., are pressure-dependent reactions with the rate constant at a specific pressure given by

o Rox Mo o1 (og(22 )y -
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M
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Volatility class temperature dependence

To show the temperature dependence of the volatility classes, we shift them using the Clausius-Claperyon equation and the
enthalpy of vaporization estimation equation from Donahue et al 2011 and Epstein and Donahue 2009.

AHS 1 1
°(T) = C° K 300K _ S2
C°(T) = C*(300 )eXp{ R (300K Tﬂ (52)
AHS - = —5.710g;, C°(300K) + 129 kJ mole ™! (S3)



Auto-oxidation rate constant dependence
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Figure S1. The rate constant of auto-oxidation plotted for the base-case scenario (black), assuming an order of magnitude change over the
temperature range (blue), and using a Clausius-Claperyon relation to fix the rate constant at 298 K and varying it using a second barrier
height 500 K from the base-case (red).



Dependence of Yields on ap

Some experimental evidence indicate that the fraction of peroxy radicals produced from OH oxidation of alpha-pinene may
be higher than the value of 0.1 used here. This value will definitely have an impact on the yields, but as can be seen in Figure
S2, there is little effect on the trends with temperature and NO,,. Therefore the results of this work still hold even if o is
greater than 0.1.
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Figure S2. The dependence of the yields on aor, the fraction of peroxy radicals produced via OH oxidation of alpha-pinene that can
undergo auto-oxidation, over the temperature and NO,, ranges investigated. The value of aor = 0.1 is used in this work and here we look
at the yields if that value is doubled. Solid lines are monomer yields and dashed lines are dimer yields. Lighter colored lines are yields with
an aop value of 0.1 and darker colored lines are yields using an o value of 0.2.
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Kernels

The kernels are matrixes showing the change in volatility (decades of log;, C°) along the x direction and oxygenation (O:C)
along the y for each type of RO, termination. The change is an offset to a reference value of log;, C° and O:C representing
the peroxy radical that reacted to form the products. For dimers this reference value is the arithmetic mean of these values for
the two reacting peroxy radicals.

For example if an Ox;RO3, with reference log;, C° =1 and O:C = 0.6, and an Ox2RO3, with reference log;, C° = —1
and O:C = 0.8, react to form a dimer, the new reference value will be log;, C° =0 and O:C = 0.7. If we look at the dimer
kernel in the first cell, we see that 2% of the product from this reaction would end up at a log;; C°=0—8 = —8 and O:C
= 0.7+ 0.1 = 0.8 and so on for the rest of the table.

All the products called "RO" and "Ox,,RO" in the reaction mechanism above will either go through the fragmentation or the
functionalization kernel below. The fragmentation kernel is implemented by assuming a certain fraction of the RO and Ox,,RO
in the reaction scheme fragments rather than functionalizes leading to a spread in products across lower and higher volatilities.

The probability of fragmentation increases as the carbon backbone of a molecule is destabilized by increasing oxidation and is
given in our implementation by (O:C)% .

Table S3. Dimer kernel

8| -7]-6|-5]0C
02 1.6 | .08 0 | 4+0.1
01| .13 .30 .1 | +0.0
0 0 |.05.15| 0.1

Table S4. RO2 + HO2 and RO2 + NO Kernel

4 3] -2 -11]0C
02 1.16 | .08 0 | +0.1
01 .13 .30 | .1 | +0.0
0 0 |.05 .15 -0.1

Table S5. RO Fragmentation kernel

-2 -1 0 +1 | 42 | +3 | +4 | O:C

0 0 0 0 |.02)|.04 .08 |+04

.021.01.02].03].04].05].02]+0.3

.04 .04 |.04].03|.02].01|.01 |+0.2

.02 | .08 | .06 | .04 | .03 +0.1

o
o

00 |.04|.12| .06 .03]| 0O 0 | +0.0




Table S6. RO Functionalization kernel

30021 0 1 | O0:C
.05|.08|.07|.04| 0 | +0.0
.02 .07 | .18 | .20 | .12 | -0.1
0 |.02|.04|.08]|.03|-02




