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1 Calculating FTIR O/C and H/C Elemental Ratios

Russell (2003) and Russell et al. (2009) provide standard methods used for quantifying ambient organic mass.
This method relies on reference compounds that are appropriate for typical ambient mixtures measured in
urban and rural conditions. In this study, we extend this approach to the specific organic mixtures generated
in laboratory conditions, namely the smog chamber products of the oxidation of α-pinene and guaiacol.

FTIR absorption is proportional to the bonds present in organic functional groups. In order to relate bonds
to atoms (and mass), we use rules to associate each bond with the atoms associated with that bond. Most
of the atoms associated with each bond are specific to that bond, and their number of atoms per bond are
invariant (in atmospheric aerosol conditions). However, carbon may have from two to four bonds associated
with each atom. This results in some variability, which we quantify as φ, the number of carbon atoms per
organic functional group (i.e. the reciprocal of the number of bonds that are not carbon-carbon). A lower
bound of φ=0 represents a branched carbon bonded only to other carbon atoms, which are likely at most a
small fraction of OM. Typically particle-phase ambient OM contains 1 carbon atom for every 2 non-carbon
bonds, i.e. φ=0.5 (Russell, 2003). An upper bound of φ=1 represents only one non-carbon bond on each
carbon atom. Since φ=1 means that every carbon atom is either branched or unsaturated, reaching a value
this high is unlikely in particle OM. Table 1 summarizes the number of atoms for alcohol, alkane, amine, and
organonitrate groups. (φ is not applied to acid, carbonyl, alkene, or aromatic groups as these groups always
have one carbon atom per functional group.)

To evaluate φ for smog chamber products, we consider here two cases that illustrate the range of possible
values: (1) the standard ambient case and (2) an precursor-specific case. For the ambient case, the elemental
ratios calculated for α-pinene and guaiacol experiments used φ=0.5 to represent chamber products similar to
ambient OM. Since both alkene and aromatic functional groups were below detection limit for α-pinene and
guaiacol photooxidation experiments, contributions from these organic functional groups were excluded from
the elemental calculations for the ambient case. As a precursor specific value for φ for the smog chamber
products, we use the value for φ of the precursor molecules. Here φ is the ratio of carbon atoms to the number
of FTIR-quantifiable groups, namely φ=0.63 for α-pinene and φ=0.88 for guaiacol. Since both α-pinene and
guaiacol are less saturated and more branched than ambient VOC mixtures, for which φ=0.5 has been used,
the resulting values of φ are greater than 0.5 and less than 1.0.

Maria et al. (2003) and Russell et al. (2009) have noted that an important trade-off of the quantification
enabled by transmission through a Teflon filter is the overlap of the Teflon C-F absorption (1300-1150 cm −1)
with ether (C-O-C) bond absorption (1300-1000 cm−1). Peroxide bonds are likely not observed for similar
reasons. As a result, in smog chamber aerosol in which ether and peroxide bonds are likely a significant
fraction of the products, it is important to correct for this missing functional group. On average, the guaiacol
products identified in this work, produced under both low-NO x and high-NOx conditions, contain 3 oxygen
atoms in ether, peroxide and nitro functional groups per 7-carbon ring structure. Therefore, we add 3/7 to the
O/C for guaiacol smog aerosol (for both the ambient and extreme cases) to account for the missing O and C
atoms.
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Table 1. C, O, and H atom apportionment for each FTIR-measured functional group

X Alcohol Alkane Carbonyl Amine Acid Org. Nitrate Alkene Aromatic
C φ φ 1 φ 1 φ 1 1
O 1 0 1 0 2 3 0 0
H 1 1 0 2* 1 0 1 1

*The H atoms associated with amine groups are omitted for comparison with the AMS.
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Table 2. Elemental Ratios determined by FTIR analysis

SOA System O/C H/C
Ambient Case

α-pinene high-NOx 0.41 1.82
α-pinene low-NOx 0.44 1.79
guaiacol high-NOx 1 0.59 1.74
guaiacol high-NOx 2 0.65 1.69
guaiacol low-NOx 0.66 1.72

Precursor-Specific Case
α-pinene high-NOx 0.32 1.46
α-pinene low-NOx 0.34 1.44
guaiacol high-NOx 1 0.73 1.08
guaiacol high-NOx 2 0.76 1.07
guaiacol low-NOx 0.78 1.08
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Table 3. Average ratios of particle phase signals of CO+ to CO2
+. Ratios were determined from high-resolution

spectra that had adequate separation of the CO+ and N2
+ ions, typically from experiments with high organic loadings.

The average values found are close to the default value of 1.0 in the AMS High-Resolution Fragmentation Table and in
agreement with other studies (Zhang et al., 2005; Takegawa et al., 2007) so this default value was used for all experiments
in this study.

SOA Precursor CO+/CO2
+

glyoxal uptake 5.6a

α-pineneb 0.9
toluene 1.1
m-xylene 1.3
isoprene 1.3
naphthalene 1.2
phenol 0.9
guaiacol 1.0
syringol 1.1
acrolein NDc

methacrolein NDc

crotonaldehyde NDc

aA value of 5.0 was used for CO+/CO2
+ in glyoxal uptake experiments presented in this study.

bIncludes both ozonolysis and photooxidation experiments.
cNot Determined. CO+ could not be adequately separated from N2

+ to determine a ratio accurately.
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Table 4. Elemental composition of SOA system. Values represent the average ratio for each experiment at the time of
maximum O/C.

VOC System O/C (max) H/C N/C OM/OC ΔO/C ΔH/C ΔOSC

glyoxal uptakea 1.13 1.54 0.01 2.68 0.13 0.54 0.72
α-pinene + O3

a 0.43 1.47 0.00 1.70 0.43 -0.13 0.99
α-pinene + OH 0.41 1.57 0.02 1.70 0.41 -0.03 0.85

low-NOx 0.40 1.62 0.00 1.67 0.40 0.02 0.78
high-NOx 0.42 1.51 0.03 1.73 0.42 -0.09 0.93

isoprene + OHa 0.61 1.55 0.02 1.96 0.61 -0.05 1.27
low-NOx 0.59 1.64 0.00 1.92 0.59 0.04 1.14

high-NOx 0.62 1.46 0.04 2.00 0.62 -0.14 1.38
aromatics + OHa 0.68 1.44 0.04 2.07 0.68

m-xylene, high-NOx 0.66 1.48 0.08 2.09 0.66 0.23 1.09
m-xylene, low-NOx 0.60 1.54 0.00 1.93 0.60 0.29 0.91
toluene, high-NOx 0.72 1.38 0.07 2.15 0.72 0.24 1.20
toluene, low-NOx 0.74 1.39 0.00 2.10 0.74 0.25 1.23

naphthalene + OHa 0.62 0.89 0.02 1.93 0.62 0.09 1.15
low-NOx 0.66 0.88 0.00 1.96 0.66 0.08 1.24

high-NOx 0.57 0.90 0.04 1.89 0.57 0.10 1.04
phenol + OH 0.90 1.11 0.03 2.32 0.73 0.11 1.36

low-NOx 0.88 1.10 0.00 2.26 0.71 0.10 1.33
high-NOx 0.92 1.12 0.05 2.38 0.75 0.12 1.39

guaiacol + OH 0.92 1.28 0.03 2.37 0.63 0.14 1.13
low-NOx 0.89 1.26 0.00 2.30 0.60 0.12 1.09

high-NOx 0.94 1.30 0.06 2.43 0.65 0.16 1.15
syringol + OH 0.95 1.47 0.02 2.41 0.58 0.22 0.93

low-NOx 0.97 1.41 0.00 2.41 0.60 0.16 1.03
high-NOx 0.93 1.52 0.03 2.41 0.56 0.27 0.84

acrolein + OH 0.79 1.31 0.03 2.20 0.46 -0.02 0.94
methacrolein + OH 0.54 1.53 0.02 1.87 0.29 0.03 0.55
crotonaldehyde + OH 0.56 1.45 0.01 1.88 0.31 -0.05 0.67

aValues first reported in Chhabra et al. (2010).
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Fig. 1. Elemental spectra of α-pinene photooxidation SOA formed under high- and low-NOx conditions.
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Fig. 2. Elemental spectra of acrolein photooxidation SOA.
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Fig. 3. Elemental spectra of methacrolein photooxidation SOA.

8



0.12

0.10

0.08

0.06

0.04

0.02

0.00

N
or

m
al

iz
ed

 S
ig

na
l

100908070605040302010
m/z

 Carbon
 Hydrogen
 Oxygen
 Nitrogen

crotonaldehyde/HONO

Fig. 4. Elemental spectra of crotonaldehyde photooxidation SOA.
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Fig. 5. Elemental spectra of phenol photooxidation SOA under high- and low-NOx.
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Fig. 6. Elemental spectra of guaiacol photooxidation SOA under high- and low-NOx.
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Fig. 7. Elemental spectra of syringol photooxidation SOA under high- and low-NOx.
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guaiacol/HONO #1 guaiacol/HONO #2

guaiacol/H2O2

Fig. 8. Average composition by mass of guaiacol photooxidation SOA as measured by FTIR analysis.
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α-pinene/H2O2 α-pinene/CH3ONO

Fig. 9. Average composition by mass of α-pinene photooxidation SOA as measured by FTIR analysis.
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