Supplementary Materials
for

A Functional Group Oxidation Model (FGOM) for SOA formation and Aging

X. Zhang" and J. H. Seinfeld?

!Division of Engineering and Applied Science, California Institute of Technology,
Pasadena, CA, USA
?Division of Chemistry and Chemical Engineering, California Institute of Technology,
Pasadena, CA, USA

Correspondence to: J. H. Seinfeld (seinfeld@caltech.edu)

1. Statistical fit of compound vapor pressure

We used 1080 “standard molecules” to obtain the parameters in equation (2). There
are 35 sets of different combinations of the four functional groups. For each combination,
carbon number ranges from 5 to 14. Alkanes are included with the same carbon number
range. In addition, the contribution of straight, branching and cyclic structures to the
vapor pressure are also considered. In summary, 1080 “standard compounds” are used for
the nonlinear fitting. All are listed in Table S1.

2. Development of the functionlization vs. fragmentation channels in the FGOM

Photooxidation of dodecane under high-NOy conditions illustrates how the
functionlization vs. fragmentation channels are developed in the FGOM model. Figure S2
shows the detailed scheme for the formation of 1* generation products, i.e., C1o-(ONO,),
C1-(OH + ONO,), and C1,-(C=0 + OH), in addition to the formation of 2" generation
pl’OdUCtS, ie., Clz-(C:O), Clg-(ZXONOQ), Clz-(OH + ONOQ), Clz-(C:O + OH), C12-(OH
+ 2xONO;), and C1,-(C=0 + OH + ONO;), from one of the 1% generation products. The
specific chemistry underlying the formation of the Cj, products in the functionalization
channel is discussed in Section 2.1. For the high-NOy photooxidation of dodecane, the
OH reaction rates, the photolysis rate of the —-ONO; group, together with the branching
ratio (obtained from MCM 3.1) for the formation of the RO- radical vs. the -ONO, group
from the RO,- + NO pathway, govern the relative abundances of different functional



groups (Figure S2). Note that since the OH concentration generally varies with time over
the course of photooxidation, the branching ratios are a function of time. The values
shown in Figure S2 correspond to those at the beginning of the photooxidation, when the
OH concentration is ~ 1x10” molecules cm™,

Once a certain generation of products is formed, an operator Ps, which is a function of
the O:C ratio, is applied to each of the products to calculate the fraction of fragmentation
that the product undergoes. Take the 2" generation product Cy,-(OH+2xONO,) as an
example (Figure S3), the best-fit f, value obtained from the optimization is 0.57,
indicating that 26.4% of this product undergoes further functionalization and 73.6% of it
fragments, producing a C; product, together with a co-product C;;-(OH+2xONO,). An
operator P; is subsequently applied to this Ci; product to calculate its fraction of
functionalization, via the same reaction mechanism as Ci,-(OH+2xONOy), vs.
fragmentation, which generates another C; product, together with a co-product Cio-
(OH+2xONOy). Equation (2) in the main text governs the least carbon number for a
certain combination of different functional groups that can be produced from the
fragmentation channel. Alkoxy (RO-) radical fragmentation mechanisms are not
incorporated explicitly in the FGOM model. Instead, the operator P, which is indicative
of the chemical species, is applied to the stable molecules to govern the probablity of
fragmentation in an OH-reaction initiated generation.



Table S1. Characteristics of the 1080 “standard molecules”

No Structure Carbon  Oxygen Nitrogen Functional Vapor Pressure
Number Number Number Groups (atm @ 298 K)
1 Straight 5 0 0 - 6.4849E-01
2 Straight 6 0 0 - 2.1204E-01
3 Straight 7 0 0 - 6.9332E-02
4 Straight 8 0 0 - 2.2670E-02
5 Straight 9 0 0 - 7.4124E-03
6 Straight 10 0 0 - 2.4237E-03
7 Straight 11 0 0 - 7.9248E-04
8 Straight 12 0 0 - 2.5912E-04
9 Straight 13 0 0 - 8.4726E-05
10 Straight 14 0 0 - 2.7703E-05
11 Straight 5 1 0 1-OH 1.3021E-02
12 Straight 6 1 0 1-OH 4.2574E-03
13 Straight 7 1 0 1-OH 1.3921E-03
14 Straight 8 1 0 1-OH 4.5517E-04
15 Straight 9 1 0 1-OH 1.4883E-04
16 Straight 10 1 0 1-OH 4.8664E-05
17 Straight 11 1 0 1-OH 1.5912E-05
18 Straight 12 1 0 1-OH 5.2028E-06
19 Straight 13 1 0 1-OH 1.7012E-06
20 Straight 14 1 0 1-OH 5.5624E-07
21 Straight 5 2 0 2-OH 3.0091E-05
22 Straight 6 2 0 2-OH 9.8391E-06
23 Straight 7 2 0 2-OH 3.2171E-06
24 Straight 8 2 0 2-OH 1.0519E-06
25 Straight 9 2 0 2-OH 3.4395E-07
26 Straight 10 2 0 2-OH 1.1246E-07
27 Straight 11 2 0 2-OH 3.6773E-08
28 Straight 12 2 0 2-OH 1.2024E-08
29 Straight 13 2 0 2-OH 3.9315E-09
30 Straight 14 2 0 2-OH 1.2855E-09
31 Straight 5 3 0 3-0OH 5.1505E-08
32 Straight 6 3 0 3-OH 1.6841E-08
33 Straight 7 3 0 3-0OH 5.5065E-09
34 Straight 8 3 0 3-OH 1.8005E-09
35 Straight 9 3 0 3-OH 5.8871E-10
36 Straight 10 3 0 3-0OH 1.9249E-10
37 Straight 11 3 0 3-0OH 6.2941E-11
38 Straight 12 3 0 3-0OH 2.0580E-11
39 Straight 13 3 0 3-0OH 6.7292E-12
40 Straight 14 3 0 3-0OH 2.2003E-12
41 Straight 5 1 0 1-C=0 4.1382E-02
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Table S2. Values of best-fit parameters in Equation (2).

Best-fit parameters Values
ng 2.6212e+01
bc 4.3909e-01
bo 1.4606e+00

bco 1.8457e-02
b(-oH) 6.1623e-01
B.c=0) -6.0560e-01
B(-ooH) -4.7798e-03
b-ono2) -2.3032e+00
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Figure S1. Estimated vs. Actual carbon numbers for 1080 standards.
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Figure S2. Development of the functionalization vs. fragmentation channels in the
FGOM model, using the high-NOy photooxidation of dodecane as an example.

32



20

18- q

16 q
@
(h) 0w ®O

(d)
\ (©)/(9) @
: il

b

=
'S

Carbon number range
= -
o N

v

s s
0 1 2 3 4 5 6
Saturation concentration in log scale (r'rg/m3)

Figure S3. Carbon number range for 1% and 2™ generation products of OH oxidation of
dodecane under high-NO, conditions. For illustration, the shaded region (C* < 1000
ng/m?) is taken to represent the combination of carbon number and volatility for which a
molecule can appreciably partition to the particle phase.

33



