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ABSTRACT: The quantification of an aerosol chemical compo-
sition is complicated by the uncertainty in the sensitivity of each
species detected. Soft-ionization response factors can vary widely
from molecule to molecule. Here, we have employed a method to
separate molecules by their volatility through systematic evapo-
ration with a thermal denuder (TD). The fraction remaining after
evaporation is compared between an extractive electrospray
ionization time-of-flight mass spectrometer (EESI-TOF) and a
scanning mobility particle sizer (SMPS), which provides a
comparison between a quantified mass loss by the SMPS and the
signal loss in the EESI-TOF. The sensitivity of the EESI-TOF is
determined for both a simplified complex mixture (PEG-300) and
also for a complex mixture of α-pinene secondary organic aerosol
(SOA). For PEG-300, separation is possible on a molecule-by-molecule level with the TD and provides insights into the molecule-
dependent sensitivity of the EESI-TOF, showing a higher sensitivity toward the most volatile molecule. For α-pinene SOA,
sensitivity determination for specific classes is possible because of the number of molecular formula observed by the EESI-TOF.
These classes are separated by their volatility and are broken down into monomers (O3−5,6−7,8+), dimers (O4−7,8+), and higher order
oligomers (e.g., trimers and tetramers). Here, we show that the EESI-TOF initially measures 60.1% monomers, 32.7% dimers, and
7.2% trimers and tetramers in α-pinene SOA, but after sensitivity correction, the distribution of SOA is 37.4% monomers, 56.1%
dimers, and 6.4% trimers and tetramers. These results provide a path forward for the quantification of aerosol components with the
EESI-TOF in other applications and potentially for atmospheric measurements.

Aerosols are particles suspended in air with diameters
spanning from the nanometer to micrometer range.1

Aerosols are used for drug delivery,2 but can be detrimental to
human health when they include toxic components (e.g.,
PAHs, non-exhaust traffic emissions, dust, etc.).3 For both
cases, it is important to measure and quantify the chemical
components present in the aerosol.4 Quantification is
particularly difficult for atmospheric organic aerosol (OA),
which makes up 20−90% of atmospheric aerosol.5 A mixture of
directly emitted molecules and species formed from gas-phase
oxidation reactions make up the composition of OA. Reactions
of emitted molecules with atmospheric oxidants can yield
thousands of different product molecules,6,7 making quantifi-
cation with standards an impossible task. Oxidation products
can vary significantly in their composition, ranging from low-
molecular-weight monomers to high-molecular-weight
oligomers (e.g., dimers, trimers, tetramers, etc.). Oligomeric
content has been shown to be an important contribution of
OA generated in laboratory studies,8 but quantification of
these products are lacking. Therefore, the importance of
oligomers in both laboratory studies and the atmosphere
remains uncertain.

Harsh electron impact ionization provides quantitative
analysis, but in the complex matrix of OA, electron impact
techniques cannot provide molecular information. Soft
ionization techniques that include chemical ionization methods
(e.g., I−, NO3−, NH4+, H3O+, etc.),

6,9,10 droplet assisted
ionization, and extractive electrospray ionization4,11−14 afford
detailed chemical resolution, but sensitivity can vary
dramatically from molecule to molecule.4,11,15 The EESI
technique is a soft ionization method with sensitivity toward
organic molecules sufficient for atmospheric measurements (ng
m−3 detection limits).13,14,16,17 In these studies, the electro-
spray working solution (water or water/acetonitrile mix) was
doped with NaI to promote Na+ adduct formation and detects
molecules that are soluble and have strong binding energies to
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Na+. Though, some fragmentation appears to occur when both
hydroxynitrates or nitrate functional groups are present,17,18

and other potential artifacts (e.g., reactions) are observed in
ESI experiments,19 but have not been detected within EESI
measurements of OA to date.
In pursuit of quantitative analysis from soft ionization

techniques, recent studies have constrained the instrument
response to a given analyte according to its binding energy to
adducts in chemical ionization techniques, which is in turn
estimated from the analyte’s molecular formula. Gas-particle
partitioning has also been attempted as a way to constrain the
response factor for the extractive electrospray ionization when
compared against a proton-transfer reaction mass spectrometer
(PTR-MS) measuring gas-phase species.4 This study used a
seed aerosol to encourage partitioning of gaseous molecules to
the particle phase, but was only sensitive to species the PTR-
MS could measure and those that would partition to the
aerosol phase. Thus, the predominant species measured were
smaller molecules predominantly found in the gas-phase, with
no molecules larger than 300 m/z reported. Thus, a significant
gap exists in determining the response to oligomeric species
and their quantification remains uncertain.
In this study, we provide a new approach to quantify the

measured EESI-TOF composition. Here, the EESI-TOF
response is compared against bulk organic mass concentration
measured by a scanning mobility particle sizer (SMPS) for
mixtures of quasi-known species (PEG-300) and a complex
mixture of α-pinene SOA. PEG-300 is a group of molecules
that spans a wide range in both mass and volatility, and is a
common set of molecules used for instrument calibrations.20

The EESI-TOF sensitivity toward classes of compounds with
different volatilities is assessed by systematically removing
molecules from the aerosol phase via evaporation using a
thermal denuder (TD). The technique developed here will be
beneficial for the quantification of molecular groups in different
complex aerosol mixtures, potentially including in ambient
environments or industrial applications, and can be applied to
aerosol mass spectrometers other than the EESI-ToF.

■ EXPERIMENTAL SECTION
Laboratory experiments were conducted with both the
individual model compounds PEG 5, 6, 8, 10, and 12 and
the mixture of PEG-300, and an experimental setup can be
found in Figure S1. The solutions were aerosolized using a
home-built nebulizer, creating aerosols that were subsequently
dried. PEG-300 was introduced to a TD (Aerodyne), with 1.3
L min−1 sampled into the TD and the excess flow exhausted.
After the TD, a multi-channel charcoal denuder was installed
to remove the gas-phase species that evaporate during heating.
Finally, the particles were sampled by the EESI-TOF and a
scanning mobility particle sizer (SMPS, TSI Inc. model 3938, 3
L min−1 sheath and 0.3 L min−1 sample). The condensation
particle counter (CPC) used was compared against an
ACTRIS standard CPC and agreed within ±2%. The SMPS
was calibrated with a series of polystyrene latex spheres, and
agreed well with the manufacturers specifications. The aerosol
mass was determined using the assumed particle density of
PEG-300 (1.13 g cm−3) or α-pinene SOA (1.2 g cm−3).21,22

Similar particles have been measured previously and were
shown to be spherical, removing possible uncertainties in the
aerosol mass measurement.22 The multiple charge correction
inversion creates the largest uncertainty in the SMPS
measurement and is on the order of ∼10%; therefore, the

absolute error on the mass measurement of the SMPS will be
on the order of ∼15%. The temperature of the TD was
systematically increased from low to high temperatures during
the course of the experiment. Experiments with nebulizers had
relatively constant aerosol concentrations (±5%). The
residence time in the TD varied from 7 s at 20 °C to 3.5 s
at 175 °C.
Secondary organic aerosol experiments were performed in a

9 m3 atmospheric simulation chamber, described previously.23

In the experiments presented here, α-pinene SOA was
produced by reacting 100 ppb of α-pinene with ∼1000 ppb
of O3. High concentrations of O3 were utilized to reach
maximum aerosol concentrations within the first 3−5 min after
α-pinene injection. In chamber experiments, the particles were
sampled either directly from the chamber to the instruments
(SMPS, and EESI-TOF) or passed through a longer line
including the TD with a multi-channel denuder on the output.
The time series were corrected for both chamber dilution and
wall loss of particles in the chamber using the same method
reported previously.10,13

A subset of measurements was performed with an Orbitrap
mass spectrometer (Thermo Fisher, Exploris 120). A PEG-300
solution was nebulized, dried using a Nafion dryer and
subsequently introduced into an Orbitrap, equipped with a
custom build EESI inlet. MS/MS was carried out for each PEG
from 5 to 12, with the collision energy ranging from 1 to 40 eV.
Signal at 1 eV was used to normalize the results.

■ EXTRACTIVE ELECTROSPRAY IONIZATION MASS
SPECTROMETRY

The EESI was connected to an atmospheric pressure time-of-
flight mass spectrometer (Tofwerk) with a resolution of either
5000 ΔM/M (PEG experiments) or 10,500 ΔM/M (smog
chamber experiments). The aerosol was passed through a
series of switching valves oscillating between a sampling line (5
min) and a HEPA filter (1 min) to continually obtain
background measurements. After the series of switching valves,
a multi-channel denuder stripped the gas-phase components,
ensuring the EESI only encountered the aerosols. The
electrospray capillary operated at 2.9 kV with a backing
pressure of 0.2 bar with a working solution of 100 ppm NaI in
purified water (MilliQ). The inlet to the mass spectrometer
consisted of a metal inlet capillary that was typically heated to
270 °C, except for a single PEG-300 experiment at 110 °C.
Thermocouples were connected to different points on the
EESI inlet (see Figure S2) to assess the temperatures
encountered by the particles on entering the instrument. The
higher inlet capillary temperature resulted in an EESI
temperature of 40 °C (at Figure S2: P2) and an inlet tube
temperature (Figure S1: P1) of 35−40 °C, while for the lower
inlet capillary temperature (110 °C) both P1 and P2 were 22
°C. The data were analyzed using Tofware v3.2.3. In the
experiments with standards and PEGs, all peaks were assigned
according to their known polymeric molecular formulae. For
α-pinene SOA, peaks could be effectively assigned to species
below m/z 500; however, the mass spectrometer resolution
prevented conclusive assignments above m/z 500. However,
there are significant contributions to the aerosol signal present
above m/z 500 and these data are used to determine the signal
associated with trimers and tetramers, as discussed below in
the Results section. The data are obtained as ions s−1, which
were converted to ag s−1 by the following
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= # · ×
×

EESI (ag s )
EESI ( s ) MW 10

6.023 10x
x x1

1 18

23 (1)

where EESI (# s−1)x is the measured EESI signal of ion x in s−1,
MWx is the molecular weight of x, Avogadro’s number
converts molecules into mole, and 1018 converts grams into
attograms (ag).

■ RESULTS
Separating Sensitivity in an Ideal Complex Mixture.

PEGs span a wide range of molecular weights, shown in Figure
1A. PEGs are detected as C2nH4n+2On+1Na+ because of adduct

formation with Na+ in the electrospray solution, and are
observed to span n = 5−16 by the EESI-TOF ranging from 261
to 745 m/z. A majority (99+%) of the signals shown in Figure
1A represent PEG-Na+ adducts. The range of masses shown in
Figure 1A delivers a useful range over which to assess the
sensitivity of the EESI-TOF as a function of the molecular
weight of species containing the same functional groups.

To isolate the sensitivity on a molecule-by-molecule basis, a
TD was used to selectively evaporate molecules based on their
saturation vapor concentration (or volatility). The method
requires the EESI-TOF to be used in conjunction with a
quantitative reference instrument (here, the SMPS is used)
because the SMPS provides a quantitative measure of the mass
concentration (μg m−3) of organics present, while the EESI
measures the different molecular formula of species remaining
after evaporating the most volatile fraction from the aerosol.
Figure 1B shows the relative fraction remaining as a function of
TD temperature as measured by the EESI-TOF, and highlights
the ability to separate specific molecules from the complex
mixture of PEG-300 as a function of TD temperature.
Figure 1C shows the change in the total EESI signal and the

measured mass by the SMPS, as a function of temperature
(size distributions are shown in Figure S3). There are distinct
differences in the temperature dependence exhibited by all
measurements, with the EESI undergoing an initial large drop
in intensity between 20 and 30 °C, followed by evaporation
that appears delayed relative to the SMPS, and matching the
SMPS again above 100 °C.
Figure 1C also shows the bulk sensitivity for the EESI (ag

s−1)/(μg m−3), determined by comparing the change in total
EESI signal (ag s−1) to the change in mass measured by the
SMPS, as follows

= T T
T T

sensitivity
EESI ( ) EESI ( )

SMPS mass ( ) SMPS mass ( )
i i

bulk
1 2

1 2 (2)

where T1 and T2 are the adjacent TD temperature setpoints,
the SMPS mass is the average mass concentration over the
measurement period, and EESI (Tx) is the summed EESI
signal for all measured components at a specific temperature.
Here, we define the sensitivity in terms of the fraction that is
evaporating from the aerosol phase in eq 2.
As shown in Figure 1C, the bulk sensitivity varies

considerably as a function of volatility. The sensitivity initially
decreases dramatically because there is virtually no change in
the signal of the SMPS, while the EESI observes a 15%
decrease in signal between 20 and 30 °C. These changes are
associated with evaporation of the most volatile PEG (n = 5,
C10H22O5), which fully evaporates by 40 °C and is detected
with unusually high sensitivity. With the increase in temper-
ature, the sensitivity decreases, reaching a minimum between
35 and 50 °C, where PEG-6 (C12H26O6) was the predominant
species evaporating. The sensitivity then increased for the
larger molecules from 10 to 30 (ag s−1)/(μg m−3). Figure S4
shows the dominant species evaporating between each
temperature step. Where a specific PEG made up 50+% of
the evaporating fraction, the sensitivity derived from taking an
average of the bulk method (shown in Figure 1C) was used as
an initial assessment of its sensitivity, shown in Figure 2A. For
PEG-10 and 11, the initial sensitivity was determined where
they evaporated the most. The initial guess was fed into an
iterative solver using eq S1 to refine the sensitivity, described in
the Supporting Information. Both the initial assessment and
the result from the iterative solution for assessment are shown
in Figure 2A, and generally agree.
To assess the validity of the sensitivity determined in Figure

2A, a subset of the individual PEG molecules were measured
with both the EESI and SMPS. The size distributions in all
cases were similar with a peak in the volume-weighted
distribution ∼100 nm. The range of sensitivities reported in

Figure 1. (A) Mass spectrum of PEG-300 as measured by the EESI.
(B) Fraction remaining of each PEG measured by the EESI as a
function of TD temperature, from triplicates. (C) A single
measurement showing absolute mass concentration (left-axis)
measured by the SMPS, EESI mass flux (red axis, right side), and
for the EESI sensitivity using the mid-point temperatures (blue axis,
right side), and the error bars correspond to the error propagated
using the measured standard error.
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Figure 2A from the TD-EESI measurements (both bulk and
iterative method) agrees well with the sensitivity measured
when directly atomizing known species, providing confidence
that the TD-EESI method can determine the sensitivity of
unknown mixtures.
The variability in the sensitivity in Figure 2A exhibits both

high sensitivity at low TD temperatures and a steadily
increasing sensitivity with temperature for larger molecules.
The steadily increasing trend in Figure 1C from 40 to 120 °C
may relate to the increased binding energy of Na+ to large
molecules, which can more efficiently form bonds with the Na+
stabilizing the adduct. The binding energy of Na+ to ethers
(e.g., dimethyl ether, crown ethers, etc.) increases with the
number of ether groups present on the molecule.24 The
increased binding energy was experimentally verified using
MS/MS measurements performed on PEG-300 (right-axis on
Figure 2A). While the increase in the binding energy of the
PEG-Na+ adducts explains the trend in sensitivity at temper-
atures >40 °C, the outsized sensitivity of PEG5, which
evaporates <40 °C, remains unexplained. We measured the
temperature of the EESI inlet to be 42 °C in the spray region
and 37 °C in the tube leading to the spray, both of which are
above room temperature. Therefore, this region likely
facilitates evaporation of the most volatile components such
as PEG-5. Because the EESI has considerably higher sensitivity
toward the gas-phase compared to the particle phase, thereby
explaining the higher sensitivity of PEG-5.25 To test this
hypothesis, experiments were performed in which the temper-
ature of the inlet capillary was lowered from 275 to 110 °C,
thereby decreasing the temperature on the EESI inlet to room
temperature. When PEG-300 was passed through the TD at
30−40 °C the sensitivity of the PEG5 decreased to ∼5 (ag
s−1)/(μg m−3).
The mass spectrum shown in Figure 1A represents the

measurements of the EESI toward PEG-300 without any
correction for the variation in sensitivity observed. Given the
dependence of sensitivity on molecular identity in Figure 1B, it
is clear that applying a single bulk sensitivity does not properly
represent the composition of PEG-300. Averaged sensitivities

shown in Figure 2A (iterative solution) are applied to the EESI
data, converting ag s−1 into μg m−3 of each component present.
Figure 2B shows the relative faction of each PEG unit before
and after the correction, increasing the contribution of the
lowest sensitivity species (PEG-6 and 7) while decreasing the
contribution to the rest of the distribution. Furthermore, after
the correction, the agreement with the measured mass
improves, as shown in Figure S5.
Application to Secondary Organic Aerosol. Here, we

apply the method for quantification of volatility-resolved
fractions of PEG-300 to a complex atmospherically relevant
organic aerosol. Secondary organic aerosol (SOA) was chosen
as a mixture of complex unknown species because SOA is
generated by oxidation reactions that produce a wide range of
chemical species, akin to an organic chemistry experiment gone
awry, as clearly illustrated in Figure 3A. Additionally, SOA

should mostly comprise water-soluble species detectable by the
EESI, rendering differences in extraction efficiency negligible.26

Figure 3B shows a mass defect plot of α-pinene SOA generated
via ozonolysis. The groups of ions in Figure 3B with a negative
mass defect that continues to decrease with m/z correspond to
[M]NaxIx−1

+ clusters; these have signals that are orders of
magnitude lower than the typical [M]Na+ adducts and are
removed from further analysis. For the remaining ([M]Na+)
ions, Figure 3B clearly shows regions corresponding to
monomers, dimers, trimers (orange box), and tetramers
(green box). Given the range of molecules present, they may
be differentiated by volatility, and their relative sensitivities
assessed.
The composition of SOA directly measured by the EESI is

shown in Figure S4, where it is classified in terms of carbon
and oxygen. Monomers comprise 60% of the signal, dimers
32.7%, trimers 6.2%, and tetramers 1.0%. Passing the SOA

Figure 2. (A) EESI sensitivity determined from bulk standards
compared to the bulk TD method and iterative-TD sensitivities (left-
axis). Binding energies are shown for each PEG (right-axis). (B)
Composition of PEG-300 without correction (blue) compared to the
composition after correction based on EESI sensitivity (orange).

Figure 3. (A) Mass spectrum from α-pinene SOA measured by the
EESI. (B) Mass defect plot of the same mass spectrum. Trimers
highlighted in orange, tetramers highlighted in green.
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through the TD results in selective evaporation of volatility-
segregated classes of SOA components. Molecular formulae
were aggregated according to their evaporation behavior
(shown in Figure S5A,B). The classes are split into monomers
(C7−10) and dimers (C15−20), and further aggregated according
to the number of oxygen atoms present (e .g . ,
C7−10HxO3−5,6−7,8+ and C15−20HyO4−7,10+). Figure 4A shows

each class of molecules and the temperature-dependent
evaporation of the aggregated molecular species. Between 20
and 70 °C, monomers evaporate from the particle phase, with
those having the fewest oxygens evaporating at the lowest
temperatures. The distinction between C7−10HxO3−5 and
C7−10HxO6,7 is not straightforward since both classes of
molecules predominately evaporate between 20 and 55 °C.
However, the C7−10HxO6,7 class evaporates at systematically
higher temperatures and have a much larger fraction
evaporating between 55 and 70 °C. Dimers evaporate between
70 and 125 °C, again with higher oxygen number
corresponding to higher evaporation temperatures. Trimers
and tetramers mostly evaporate above 125 °C. These results
show that the dimers, trimers, and tetramers are effectively the
only species left in the particle phase after 70−85 °C meaning
that ∼50% of the aerosol must be oligomers based on Figure
4A.
The comparison between the total EESI signal and the

SMPS for SOA (Figure 4A), shows that the EESI signal does
not perfectly follow the aerosol mass concentration in response
to evaporation, with the discrepancies consistent with those
observed for PEG-300. Using Figure 4A, the positive bias in
the EESI again comes from the most volatile species (less
oxygenated monomers) evaporating due to high inlet capillary
temperatures and low volatile species (trimers and tetramers),
while the negative bias is centered on highly oxygenated
monomers and dimers. The relatively good separation in the
evaporation temperatures between the major molecular classes

(e.g., C7−10HxO3−5 and C15−20HyO8+) facilitates quantification
of their sensitivities by comparison with SMPS, analogous to
the PEG experiments, which will more accurately determine
the oligomeric fraction. Based on the chosen classes, the highly
oxygenated monomers (C7−10HxO8+) and low oxygenated
dimers (C15−20HxO4−7) were aggregated for the sensitivity
determination, but are shown as separate species below.
As done for PEG, the availability of volatility-resolved

sensitivities provides a means of correcting the measured
carbon distribution. The bulk method was used to generate an
initial guess of the sensitivity of the molecular classes of α-
pinene SOA, and an iterative approach was used to refine the
sensitivity (as described in the Supporting Information and
used for PEG-300). For molecular classes that dominated an
individual evaporation period (C7HxO3−5, C15−20HyO8+, and
trimers), the bulk sensitivity during that period was taken as an
initial guess in the model. Otherwise, the model was initialized
using the temperature range in which molecular classes
exhibited the most evaporation (40−70 °C for C7−10HxO6,7;
55−85 °C for C7−10HxO8+/C15−20HyO4−7). Figure 5A includes

the determined sensitivity for each molecular class (including
the initial guess for comparison) using this method, in the units
of (ag sec−1)/(μg m−3). Figure 5B highlights the change in the
relative contributions of the different molecular classes using
the iterative correction in Figure 5A. The species which did not
dominate the evaporation in any specific period had relatively
large errors, and results in the large error bars in Figure 5B.
When shown as EESI mass concentration after sensitivity
correction, there is good agreement with the measured SMPS
mass concentration (Figure S8) and largely falls on the 1:1
line.
The sensitivity correction in Figure 5B increases the

contribution of dimers and highly oxygenated monomers
(On≥6) relative to all other components of the SOA. In terms
of relative abundance, the correction based on sensitivity
decreased the monomer fraction from 60.2 to 37.4%, increased

Figure 4. (A) Fraction remaining of the SMPS mass concentration
(size distributions are found in Figure S7), EESI measured
composition, and aggregated classes of α-pinene SOA (from triplicate
measurements). (B) Relative fraction of species evaporating between
TD steps for a single measurement.

Figure 5. (A) Sensitivity for the different molecular classes of α-
pinene SOA based on bulk sensitivities (initial guess) and after the
iterative solution. (B) Relative contribution of each molecular class
before and after the sensitivity correction using the iterative solution.
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the dimers from 32.7 to 56.1%, and decreased the higher order
oligomers from 7.2 to 6.4%. The estimated fractions of
oligomers are consistent with the simple view in Figure 4A,
where oligomers are ∼50% of the aerosol. After using the
iterative approach, the fractions of oligomers are greater than
the rough estimate because low oxygenated dimers are
beginning to evaporate between 55 and 70 °C. Changes to
the less oxygenated monomers (C7−10HxO3−5) drives the large
decrease in the relative intensity of the monomer distribution
(Figure 5B), while all dimer classes are enhanced with the
correction. Overall, the correction fundamentally changes the
picture of the composition of α-pinene SOA from one
dominated by monomers to one where dimers are the most
important contributor to the SOA mass. Previously, oligomers
(dimers, trimers, tetramers, etc.) have been observed in
atmospheric gas-phase and particle-phase measure-
ments,10,13,17,27 but no method assigned bulk concentrations
of oligomers in SOA until now.

■ DISCUSSION
The combination of the TD in conjunction with the EESI
provides important information and constraints on the bulk
quantification of organic aerosol components. Using the TD as
a means to remove specific classes of molecules provides
constraints on the sensitivity of these molecular classes without
the need to generate specific standards associated to each
molecule. Here, we use this method to extract information
about the sensitivity of the EESI toward readily purchased
molecules, and then expand the analysis to a mixture of
unknown species using laboratory-generated SOA. This
provides a basis for probing the variability in aerosol
composition across OA from different sources and precursors.
This method can be applied to systems for molecular
sensitivities when there is not significant overlap in the
volatility, as we show in the case of PEG-300. The alternative
for complex systems (e.g., α-pinene SOA) is to separate species
into volatility-based classes; this does not provide direct
sensitivity on a molecule-by-molecule basis, but provides a
generalized class sensitivity. The method cannot rule out the
possibility that the sensitivity of individual molecules may vary
considerably within a given volatility-based class. Despite this
limitation, we show here this method can be used to provide
important quantitative insights into SOA composition, such as
the oligomeric fraction of α-pinene SOA. Overall, these results
demonstrate the importance of dimers on the overall
composition of α-pinene SOA and prescribe a method with
which to correct for sensitivity differences among the different
components of OA. Many studies have shown that oligomers
are important constituents of SOA,8 but no study has been able
to quantify this fraction.
It is also important to note that the use of SMPS-measured

evaporated mass as reference means that this method is only
applicable to complex mixtures consisting of species that are
water soluble and readily binding to Na+. In the atmosphere,
there are aerosol components that the EESI may not ionize
(e.g., hydrocarbon-like organic aerosol), which would render
this method inoperable. The good agreement between the
binding energy of the PEGs and EESI sensitivity derived from
both the single components and TD-EESI method could
provide a way forward to determine the EESI sensitivity on a
molecule-by-molecule basis. Empirical determination of bind-
ing energies through collision induced dissociation measure-
ments could provide a means to determine EESI sensitivity,

and will be explored further in subsequent flow tube and
chamber measurements. Though, this needs to be systemati-
cally determined with known species rather than complex
mixtures because the binding energies likely varies based on
the carbon backbone of the molecule, as shown for isomers for
both α-pinene SOA and trimethyl benzene SOA.4
The TD-EESI combination additionally provides the

possibility to model the volatility and saturation vapor
concentrations of the molecules observed, however, the
scope of this paper is to highlight its use to constrain the
sensitivity of the EESI toward monoterpene SOAs. Future
work will include extracting the volatility parameters on a
molecule-by-molecule basis. Additionally, this method will be
applied to the broad differences in the composition arising
from different monoterpene SOAs.
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