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Abstract

It is now recognized that some organic components of ambient aerosols absorb light with a
spectrum distinct from that of other absorbers such as black carbon and mineral components. The
most common method for isolating this light-absorbing organic fraction, or "brown carbon", is to
collect particulate matter on filters and extract in a solvent, usually water or methanol. Here, we
compare the absorption spectra of water-soluble (WS) and methanol-soluble (MS) extracts from
ambient samples collected in Athens, Georgia. We find that despite syringe filtering the MS
extracts, extinction by suspended particles is evident in the spectra leading to an overestimation
of absorption by a factor of two on average. No such particle extinction is evident in the WS
extracts. We demonstrate that it is possible to subtract the extinction contribution in the MS
extracts by fitting the spectrum to the sum of two power law functions, one describing the
absorption spectrum and the other describing the extinction spectrum. With extinction thus
removed, we find that integrated absorption (300 - 800 nm) by the MS brown carbon extract is
highly correlated with the WS extract and is on average 1.55x larger. The wavelength
dependence of the WS and MS spectra are also correlated and very similar with average
absorption Angstréom exponents of 6.1 (£0.7) and 6.7 (+1.1), respectively. This study
demonstrates that for the samples collected: 1) brown carbon absorption can be overestimated if
scattering in MS spectra is not accounted for, 2) there is no spectral evidence that the WS and
MS chromophores are different, and 3) it may be possible to use WS spectra to represent total
brown carbon absorption using a simple scaling factor. These findings may differ for other types
of aerosol samples and analytical methods.



1. Introduction

Aerosols in the atmosphere affect the climate both directly by interacting with sunlight (i.e.
absorption and scattering) and indirectly by altering cloud properties. The magnitude and even
the sign of the impact of particle scattering and absorption, in particular, is not very well
constrained, in part because they depend on many factors including particle size, shape,
composition, and mixing state (Cazorla et al., 2013; Laskin et al., 2015; Fierce et al., 2016; Saleh
et al., 2016). It is known that black carbon (BC) particles, for example, efficiently absorb solar
radiation throughout the UV-visible region of the spectrum with an estimated anthropogenic
contribution to positive radiative forcing second only to carbon dioxide (Bond et al., 2013).
However, internal mixing of organic constituents can alter this effect (Lack and Cappa, 2010),
and some organic species also absorb light further complicating estimates of radiative transfer in
the atmosphere.

This absorbing organic fraction, often termed “brown carbon” (BrC) because of its more
pronounced wavelength dependence compared to BC, can contribute significantly to aerosol
absorption in the UV and near-UV region of the spectrum. Measurements of both the magnitude
and shape of the BrC spectrum have varied substantially making it difficult to correlate with
specific types of sources and processes in the atmosphere as well as quantitatively incorporate
into radiation transfer modules of climate models. This BrC spectrum is usually derived either
by: 1) measuring the absorption spectrum of the entire aerosol (including BC and BrC) and
subtracting the BC contribution (Lack et al., 2012; Guo et al., 2014; Saleh et al., 2014; Wiegand
et al., 2014; Zhang et al., 2016), or 2) extracting collected particulate matter samples in a solvent
thereby separating the solvent-extractable BrC fraction from the insoluble BC (Kirchstetter et al.,
2004; Chen and Bond, 2010; Hecobian et al., 2010; Liu et al., 2013). The latter approach has the
advantage that the particle mixing state need not be known to measure the BrC absorption
spectrum. Additionally, collection of particulate matter over an extended period of time makes it
possible to study aerosols even when loadings are low and makes a variety of offline analyses
possible.

Most commonly, water is used as the extraction solvent, but it does not extract all BrC. Organic
solvents, and methanol in particular, have been found to extract even more absorption than water
does, and it is believed that the water-soluble (WS) fraction of BrC is a subset of the methanol-
soluble (MS) fraction (Chen and Bond, 2010; Liu et al., 2013). Some studies have suggested that
differences in the wavelength dependence of the two extracts indicate different classes of
chromophores present (Chen and Bond, 2010; Zhang et al., 2013). However, relatively few
studies have extracted in both solvents much less compared them systematically. Here, we
analyze a collection of ambient particulate matter samples using a split-filter approach in which
we extract half of each filter in water and the other half in methanol. Through such direct
comparison we find that the WS and MS BrC spectra display many similarities but also with
some important differences, including extinction by suspended insoluble particles in MS
extracts, which has not previously been reported.



2. Materials and Methods

2.1 Particulate matter sampling and extraction.

Ambient aerosols were collected out of a window in the Chemistry Building at the University of
Georgia (20 m above ground level) in Athens, Georgia (33.9488° N, 83.3747° W) for a total of
22 days during the months of July - October, 2015 and May - June, 2016. The samples were
collected on 47 mm diameter polytetrafluoroethylene (PTFE, Teflon) filters (0.2 pm pore size,
Sterlitech) at 16.7 L/min for separate 24 h periods. A Very Sharp Cut Cyclone inlet (BGI, Inc.)
was used to size select for particles with diameters less than 2.5 um. The filters were cut in half
for extraction in either water or methanol, thereby allowing a direct comparison of the water-
soluble (WS) and methanol-soluble (MS) absorption spectra for the same sample. Figure 1 shows
an image of a typical split filter after extraction in water (top half) and methanol (bottom half).

[ Figure 1 ]

Solvent-extractable species were extracted, similarly to Hecobian et al. (Hecobian et al., 2010),
by sonication of the filter for 20 minutes in 10 mL of either Milli-Q water (<18.2 MQ-cm) or
methanol (Sigma Aldrich, > 99.6% purity). Unless otherwise noted, extracted solutions were
filtered using a 13 mm, 0.45 pum PTFE disposable syringe filter (VWR 28145-493). Some
samples were filtered using a 13 mm, 0.22 um PTFE disposable syringe filter (Omicron
Scientific, SFTF13RB). The syringe filters were pre-wetted with methanol and in the case of the
WS extractions were subsequently rinsed with water several times prior to filtering. The pH of
the water and methanol extracts was adjusted to 7 using sodium hydroxide or sodium methoxide,
respectively, before spectra were measured. This pH adjustment had no discernable impact on
the extinction by insoluble particles.

2.2 UV-visible absorption spectra measurements and fitting.

UV-visible absorption spectra (200 - 800 nm) of the extracts were measured in a 1 cm cuvette on
a Cary 60 UV—vis spectrophotometer (Agilent). Spectra were blanked with cuvettes containing
the appropriate solvent (water or methanol) and were fit using either a single power law function:

Abs = a - 1744E (1)

or a dual power law function:



Abs = a-A1744E + p . }EAE (2)

where a and b are scaling coefficients, AAE is the absorption Angstrém exponent, and EAE is
the extinction Angstrdm exponent.

3. Results and Discussion

3.1 Methanol soluble spectra contain extinction by suspended particles.
3.1.1 Extinction by particles can be accounted for with a power law function.

Particulate matter extracted in methanol consistently demonstrated larger absorbance at all
wavelengths compared to the corresponding water extracts, similar to observations from other
studies (Chen and Bond, 2010; Liu et al., 2013; Kim et al., 2016; Kirillova et al., 2016). This
behavior can be seen in Figure 2 in which the average absorbance spectra of all 22 filters
analyzed are shown for both solvents. To account for day-to-day variations in absorbance
intensity, each day's spectrum has been normalized to the methanol extract value at 300 nm. The
long-wavelength (1 > 600 nm) "tail" evident in the methanol extract is particularly interesting, as
BrC is typically not believed to absorb significantly at these wavelengths (Kirchstetter et al.,
2004; Lack et al., 2012; Saleh et al., 2013). We considered the possibility that this tail is the
result of baseline drift, however it is not clear why the MS spectra would suffer from baseline
drift while the WS spectra clearly do not. Furthermore, baseline drift would not be expected to
result in systematically positive offsets in the spectra for nearly every filter sample.

[ Figure 2 ]

Alternatively, the long-wavelength tail could result from scattering (and possibly absorption) by
suspended particles in the extract. Not all of the particulate matter collected on the filter is
soluble in water or methanol, so it stands to reason that some particles may remain in the
extracts. In fact, the extract is passed through the 0.45 pm syringe filter to remove these particles.
Yet, the apparent absorption at long wavelengths suggests that this removal is incomplete. To
account for this particle extinction, we performed a non-linear fit of the apparent MS absorption
spectrum to a dual power law function (Equation 2) in which one power law function describes
the soluble extract absorption and the other describes the insoluble particle extinction. Such a fit
is similar to fits used by others to separate contributions from BC and BrC (Wiegand et al., 2014;
Liu et al., 2015; Massabo et al., 2015; Olson et al., 2015).



This dual power law function (green dashed line in Figure 2) fits the MS spectrum well with a
coefficient of determination, Rz, of 1.00 and values of AAE = 6.43 and EAE = 1.07. The residual
spectrum, which remains after the extinction component (gray area) has been subtracted from the
MS spectrum, represents just the MS BrC absorption spectrum (orange area), which is also
plotted as the red curve. We point out that we use the term “MS BrC” to distinguish the soluble
absorbing component of the entire MS extract, which includes extinction by insoluble particles
as well.

The spectra are also plotted in a log-transformed plot in Figure 3 in which a single power law
function is represented by a straight line. Single power law functions fit the WS (blue line, AAE
= 6.07, R* = 1.00) and MS BrC (red line, AAE = 6.49, R* = 1.00) curves well over the entire
range 300 - 700 nm. A single power law does not fit the MS spectrum (black line) as well
yielding an AAE = 3.48 (R* = 0.96), which clearly reflects the influence of the particle extinction
at longer wavelengths.

[ Figure 3 ]

Also shown in Figure 3 is the MS spectrum that would be obtained by subtracting the value at
700 nm to account for a presumed baseline offset (light blue line); this fit yields an AAE = 5.43
and appears to fit well (R* = 1.00), though it systematically underestimates absorption at > 450
nm. And, compared to the MS BrC spectrum it overestimates integrated absorption (300 - 800
nm) by 34%. In essence, the baseline subtraction has served to remove some of the influence of
the particle extinction but in doing so assumes that contribution is wavelength independent (i.e.
with an equivalent EAE = 0 in the dual power law formalism). Not surprisingly, this helps but
does so incompletely.

3.1.2 MS BrC absorption spectra are similar with different degrees of filtration.

To further confirm that extinction by suspended particles is present in the spectra, we applied the
dual power law approach to an ambient sample that had been filtered to various degrees.
Specifically, we measured the apparent absorption spectra of a single methanol extract that was
either unfiltered, filtered using a 0.45 um pore size syringe filter, or filtered using a 0.22 um pore
size syringe filter (Figure 4a). There should be a consistent contribution from the MS BrC
absorption in each of these samples despite different particle concentrations and size
distributions, thereby providing a good test of the dual power law approach.

[ Figure 4 ]

Each of the spectra is fit well by the dual power law function (green dashed lines), and the
fraction of apparent absorption attributable to particle extinction (gray/black shaded areas)
decreases exactly as would be expected from 91% for the unfiltered to 71% and 38% for the 0.45



um and 0.22 um syringe filters, respectively (Table 1). What is more, the MS BrC absorption
spectra in each case appear very similar (Figure 4b) with the AAE values obtained nearly
indistinguishable (Table 1) despite the varying contributions from particle extinction.
Importantly, even when the smallest pore size syringe filter (0.22 um) was used, extinction by
suspended particles was evident indicating that fitting to the dual power law function is likely
always needed, at least for the types of particles we sampled and the sampling and extraction
methods that we employed. We note that such particle extinction may not be present to the same
degree with the use of a narrow-bore liquid waveguide capillary cell (LWCC) as others have
used (Hecobian et al., 2010; Cheng et al., 2011; Liu et al., 2013; Zhang et al., 2013; Liu et al.,
2015; Cheng et al., 2016; Kirillova et al., 2016).

The finding that particle extinction remains despite syringe filtering is not surprising if we
assume that filters with a 0.22 um pore size permit particles 0.22 pm in diameter (and smaller to
pass through); for example, the 550 nm extinction cross section for a 0.22 um black carbon
particle (m = 1.95 + 0.791) is about 20% of that of a 0.45 pum particle, as calculated using Mie
theory. Since the ability to obtain the MS BrC spectrum relies on an accurate parameterization
of the particle extinction spectrum, we recommend that the 0.45 pum syringe filter offers the best
compromise between reducing the magnitude of the particle extinction and retaining enough
particle extinction to fit well.

By comparison, the spectra from the same sample extracted in water, instead, showed no
discernible differences regardless of which syringe filter was used or even if one was used
(Figure 4c). Clearly, then, the use of the syringe filters is not affecting the soluble BrC spectra.
The AAE values from these WS spectra are similar to the values obtained from the MS BrC
spectra (Table 1) indicating very similar spectral shapes despite the different magnitudes of
absorption and presence of particle extinction in the MS extracts. Furthermore, the fact that
particle extinction is present only in the MS spectra suggests that the insoluble particles are only
dislodged from the sample filters (not the syringe filters) by methanol and not by water.

[ Table 1 ]

This distinction is corroborated by the observation of a visible difference in the appearance of the
filter after extraction in the two solvents (Figure 1); the filter half extracted in methanol appears
white indicating a substantial removal of particles while the half extracted in water clearly shows
visible absorption remaining. It is not clear why the insoluble particles would be removed from
the filter in methanol but not in water; perhaps hydrophobic compounds, such as polyaromatic
hydrocarbons, present on the particles inhibit their dissolution in water.

3.2 MS BrC is more absorbing than WS BrC but correlated with it.

As the average spectra in Figure 2 show, MS BrC absorption is greater than that of WS BrC at all
wavelengths. Here, we explore the correlation between MS and WS BrC absorption by



comparing integrated absorption (300 - 800 nm) for pairs of filter halves each taken from the
same original filter. In this way, we can directly compare the effects of the extraction solvents on
the spectra from the same sample.

Figure 5 shows the observed relationship between the integrated spectral areas for the two
solvents. If particle extinction in the MS extract is not accounted for (open squares), there is a lot
of scatter and correlation with WS absorption is weak with an adjusted R* of 0.75 and a slope of
4.21 (black dashed line). Despite having used the 0.45 pum syringe filter to remove particles,
enough extinction remains that it appears as if the methanol extracts significantly more
absorption than does water. Even subtracting the absorption at 700 nm (open triangles),
ostensibly accounting for possible baseline drift, does not change the relationship much; the
slope is 3.83 with an adjusted R* = 0.76 (green dashed line) and the data are still scattered. Once
the particle extinction is removed using the dual power law approach (red circles), however, the
MS absorption is reduced substantially and the correlation improves, with the adjusted R* = 0.90
and a slope of 1.81 (red dashed line). Removing the apparent outlier (open red circle) improves
the correlation substantially with an adjusted R = 0.98 and a slope of 1.55 (red solid line).

[ Figure 5 ]

The systematically larger absorption MS absorption compared to the WS absorption could result
from the extraction of more chromophores or more highly absorbing chromophores.
Alternatively, it is also possible that the nature of the solvents, themselves, could change the
magnitude and shape of the absorption spectrum. To investigate this possibility, we extracted a
filter sample in water and then diluted it in a 10:90 ratio in either water or in methanol.
Comparison of these two spectra (Figure S1 in the online Supplemental Information) shows very
little difference with the 90% methanol spectrum 5% larger than the water spectrum at all
wavelengths, thus confirming no significant solvent effect on the chromophores. We conclude,
then, that the differences in the WS and MS BrC spectra originate from differences in extraction.

The large number of split-filter samples (22) represented in Figure 5 and summarized in Table
S1 (in the online Supplemental Information) allows several important conclusions to be drawn.
First, most MS spectra contain particle extinction as evidenced by the differences in the
integrated areas with (red circles) and without (open squares) the use of the dual power law
approach. In fact, of the 22 samples only two contain no particle extinction, i.e. are fit better by a
single power law function. Of the other 20 samples, particle extinction accounted for an average
of 56% (% 23%) of integrated apparent absorption (300 - 800 nm) ranging from 13% to 86%.
Even though the samples were filtered with the syringe filter, extinction by suspended particles is
not insignificant and is present in nearly every sample.

Second, the degree of scatter in the data would suggest that there is not much correlation
between MS BrC and WS absorption despite the fact that the initial split filter samples were
nearly identical. Such a conclusion would be difficult to rationalize, as it is commonly believed
that the WS BrC fraction is a subset of the MS BrC fraction. Indeed, the correlation observed



after removing particle extinction (red circles) suggests that the WS BrC fraction may, indeed, be
a subset of the MS BrC fraction.

Third, the high degree of correlation observed in the data corrected for particle extinction (red
circles) is highly suggestive that the dual power law approach is effective for single filter
analysis (i.e. not just for spectra averaged from all filters). The correlation was observed for filter
samples taken throughout the year in Athens, Georgia, indicating that the observed relationship
may be independent of season, at least for the background aerosols sampled at a site such as this
one. Furthermore, it may be possible to estimate the magnitude of MS BrC absorption, believed
to be more representative of total BrC, from WS absorption (or vice versa).

3.3 MS BrC and WS BrC spectral shapes are similar.

We can also take advantage of the split-filter dataset to explore the degree to which the MS and
WS BrC spectra are similar. In Figure 6 we compare the absorption Angstrdm exponents
(AAE's) derived from power law fits to the MS and WS spectra. We fit the WS spectra to a
single power law function (300 - 500 nm), while we fit the MS spectra (300 - 800 nm) using both
a single power law function (black squares) and the dual power law function (red circles), for
which the AAE represents the absorbing component after particle extinction is removed. For
comparison, we also include AAE values reported in the limited number of studies that have
measured the absorption spectra of both WS and MS ambient particulate matter (Liu et al., 2013;
Zhang et al., 2013; Liu et al., 2015; Cheng et al., 2016; Kim et al., 2016; Kirillova et al., 2016)
(see open symbols in Figure 6).

[ Figure 6 ]

We find that the WS AAE values range from 4.96 to 7.54 with an average of 6.13 (£ 0.69). This
value is typical of WS AAE’s reported by many others for particulate matter sampled from a
variety of locations, with many falling in the range of 6 — 8 (Hoffer et al., 2006; Hecobian et al.,
2010; Cheng et al., 2011; Liu et al., 2013; Bosch et al., 2014; Du et al., 2014; Kirillova et al.,
2014; Liu et al., 2015; Chen et al., 2016; Cheng et al., 2016; Fan et al., 2016; Kim et al., 2016;
Kirillova et al., 2016). The quality of the single power law fits to the WS spectra is good, with
the majority of the R* values at least 0.999. We tried to fit the WS spectra to a dual power law
function, but none of the 22 samples was fit better than with a single power law function. This
finding is highly suggestive that insoluble particles are not liberated from the filters when
extracted in water, or if they are they do not scatter and absorb light efficiently enough to be
detected.

Fitting the MS spectra to a single power law function (i.e. including particle extinction) is not
nearly as good, however, with AAE values ranging from 2.04 to 6.80 (black squares) with an
average of 4.00 (+ 1.66) and most R* values well below 0.99. Considerable scatter is evident
with little correlation between the MS and WS AAE's. Conversely, the MS BrC AAE values (i.e.



with particle extinction subtracted) demonstrate less scatter. These values span a range of 5.20 -
9.09 with an average of 6.68 (£ 1.07). The average EAE of the particle extinction from these
dual power law fits is 1.05 (£ 0.36), which is in the range of values found for extinction by
ambient particles suspended in air (0 - 2) (Cappa et al., 2016; Hamill et al., 2016; Liu et al.,
2016).

Clearly, fitting the MS spectra to a single power law function inadequately describes the
wavelength dependence of the BrC absorption even though it may appear to capture the shape of
the spectrum (see Figure 3, for example). The consequence of such a fitting is to overestimate
absorption at the longer wavelengths thereby erroneously lowering the value of AAE. What is
more, this error obscures the correlation between the MS BrC and WS BrC spectral shapes
because it originates from particle extinction, which is only present in the MS extracts. Upon
subtraction of this extinction, there appears to be little evidence for much spectral difference with
average WS and MS BrC AAE’s of 6.13 and 6.68, respectively. This small difference, however,
appears to reflect real differences in the absorption of the extracted chromophores as opposed to
changes induced by the different solvents. Comparison of a WS extract diluted 10:90 either in
water or in methanol (Figure S1 in the online Supplemental Information) shows no discernable
difference in the spectral shape with AAE values of 7.13 and 7.15, respectively.

The small difference in the WS and MS BrC spectral shapes is easily seen in the plot of the
average ratio of the MS BrC and WS absorption as a function of wavelength from the 22
individual filters (Figure 7). While the MS BrC absorption is greater than the WS absorption at
all wavelengths, this enhancement is seen to decrease monotonically with increasing wavelength.
This trend illustrates the fact that the MS BrC spectra systematically decrease with wavelength
more rapidly (i.e. have a larger AAE) than do WS spectra even though they are more highly
absorbing. Such spectral differences could be indicative of chromophores that are more soluble
in methanol than in water and which tend to absorb in the UV and near-UV of the spectrum, such
as aromatic species. Recognition of this difference, though slight, could be useful for
understanding the chemical sources and evolution of BrC and may have implications for how it
is implemented in radiative transfer calculations in climate models. This ability, however,
requires the ability to resolve the difference in spectral shape, which is only possible in the
present work because the insoluble particle extinction is removed using the dual power law fit.

[ Figure 7 ]

4. Conclusions

We have compared split filters of ambient particulate matter extracted in water and methanol and
found that most (19 out of 22) MS spectra are significantly impacted by extinction of suspended
insoluble particles liberated from the filter even after filtering with a syringe filter. It appears as
if particles are not liberated from the filter by water, and thus the WS spectra do not include
particle extinction. A dual power law fit to the MS spectra is able to separate the MS BrC



absorption from the particle extinction adequately. Comparing the WS and MS BrC spectra we
find that:

e WS and MS BrC integrated absorption (300 - 800 nm) is highly correlated

e MS BrC integrated absorption (300 - 800 nm) is a factor of 1.55x larger than WS
integrated absorption

e The spectral shapes of WS and MS BrC absorption are similar, with average AAE’s
of 6.13 and 6.68, respectively

e MS BrC spectra display a slight absorption enhancement at UV and near-UV
wavelengths

Based on these findings, we recommend that a dual power law function (Equation 2) be used in
analyzing methanol soluble spectra obtained by extraction from filters if: 1) extinction is evident
at wavelengths longer than 600 nm and/or 2) a single power law function does not fit the
spectrum adequately.
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Figure Captions

Figure 1. Picture of split filter after extraction in water (top) and methanol (bottom). Greater absorption
visible on the water half is believed to be associated with insoluble particles remaining on the filter.
Note the absence of such absorption on the methanol half. The radial pattern is imposed by the
substrate supporting the filter.

Figure 2. Average absorption spectra for methanol-soluble (black line), water-soluble ([blue] line), and
methanol-soluble BrC with particle extinction removed ([red] line). The gray area represents
extinction by particles in the methanol extract, while the orange area represents the contribution by
BrC absorption.

Figure 3. Log-transformed plot of absorption spectra for WS and MS extracts. Insoluble particle
extinction contributes significantly to apparent MS absorption (black line), but the dual power law fit
(green dashed line) accounts for it and the BrC absorption.

Figure 4. Comparison of filtration of a sample collected on June 8, 2016 in Athens, GA. (a) Apparent
MS absorption spectra either not filtered (black lines), filtered with a 0.45 pm syringe filter (blue
lines), or filtered with a 0.22 um syringe filter (red lines). Green dashed lines are dual power law fits
and gray/black areas represent suspended particle extinction. (b) Residual MS BrC spectra are similar
regardless of extent of filtering. Green dashed lines are single power law fits. (¢) WS absorption
spectra with different extents of filtering, as in (a), showing no evidence of particle extinction.

Figure 5. Correlation between integrated absorption (300 - 800 nm) for WS and MS BrC extracts (red
circles). Insoluble particle extinction has been subtracted using a dual power law function. Linear fits
are shown excluding the outlier point (red solid line, point indicated by open red circle) or not (red
dashed line). Data without particle extinction subtracted (open squares) and with baseline subtraction
(open triangles) and respective fits (black and green dashed lines) are also show for comparison.

Figure 6. Correlation between WS and MS BrC absorption Angstrdém exponents (AAE’s) when
insoluble particle extinction is subtracted using a dual power law function (red points). Values fall
close to the 1:1 line indicating correlation between MS and WS AAE values. AAE values for MS
spectra fit to a single power law function (black squares) show more scatter and less correlation with
WS AAE values. Measurements from other studies in which AAE's from both WS and MS are
shown for comparison (open symbols).

Figure 7. Average ratio of MS BrC absorption to WS absorption as a function of wavelength. Gray area
represents standard error of the 22 samples. The MS BrC absorbs more strongly at all wavelengths
but to a less extent as wavelength increases.
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Table 1. Comparison of spectral fits for different extents of particle filtration

% Area from

lS*“g]ll;I:'ge MS AAE' MS EAE’ particle extinction WS AAE
unfiltered 4.84 (x0.19) 1.11 (£ 0.01) 91% 5.38 (£ 0.02)

0.45 pm 5.20 (+0.19 /-0.09) 1.35 (+0.06 / -0.03) 71% 5.20 (+0.04 / -0.03)
0.22 pm 5.07 (+0.16 / -0.14) 1.29 (£ 0.21) 38% 537

" AAE = absorption Angstrém exponent
? EAE = extinction Angstrom exponent
error bars indicate 95% confidence intervals from single (WS) and dual (MS) power law fits



Supplemental Information

Spectroscopic comparison of water- and methanol-soluble
brown carbon particulate matter
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Figure S1. Spectra of WS extract neat and mixed with methanol.

Table S1. Summary of all filter samples analyzed.
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Figure S1. Ratio of absorption spectra for ambient particulate matter extracted in water and then diluted in
methanol or water in a 10:90 ratio. The constant ratio of ~ 1.05 indicates that the magnitude of absorption
and the shape of the spectrum are not changed by the change in the nature of the solvent.



Table S1. Summary of power law fits for water soluble (WS) and
methanol soluble (MS) spectra. AAE = absorption Angstrém
exponent, EAE = extinction Angstrém exponent.

Sample date WSAAE' MSAAE?  MSEAE? Msef‘g:rt‘tt‘:ggg 'Xﬁ%v;t?;g
atio
7/1/2015 5.81 6.83 0.45 43 2.40
7/10/2015 5.84 5.98 0 13 2.16
7/21/2015 5.92 6.69 1.10 34 1.40
7/31/2015 5.75 5.22 0.66 45 2.77
8/1/2015 6.08 6.08 0.42 16 1.59
8/8/2015 5.79 6.32 168 44 1.58
8/29/2015 5.32 6.29 0.00 0 1.41
8/30/2015 5.93 8.05 0.80 28 1.87
9/8/2015 4.96 6.75 - 0 1.31
9/9/2015 6.09 6.63 - 0 1.08
9/15/2015 5.71 5.20 1.21 56 1.75
9/16/2015 6.18 6.72 1.41 78 1.35
9/22/2015 5.25 5.54 1.07 80 1.51
9/24/2015 5.59 5.41 1.09 82 1.83
10/3/2015 5.75 6.92 1.29 53 1.69
5/14/2016 6.25 7.04 0.48 48 1.95
5/18/2016 7.06 6.78 1.25 84 1.29
5/20/2016 6.95 6.73 1.31 55 1.70
5/26/2016 6.85 5.74 0.95 66 1.85
6/16/2016 7.15 7.79 117 69 1.29
6/17/2016 7.54 9.08 1.25 86 0.93
6/18/2016 7.08 9.09 1.28 83 0.83
AVERAGE 6.13 6.68 1.05 48 1.62

" derived from single power law fit
2. derived from dual power law fit
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