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The selection of optimal solutions for PMF analysis on merged organic and nitrate mass
spectra (i.e., PMFsin03) 1s mainly based on comparing the time series (Fig. S5), mass spectrum
(Fig. S5), and campaign-average mass concentration (Fig. S6) with factors from PMF analysis on
organic mass spectra only (i.e., PMF,), in addition to examining the typical diagnostic plots
(Fig. S3). Based on the identification of a nitrate inorganic aerosol (NIA) factor, we divide all
seven datasets into two categories: 1) CTR June and YRK July where a NIA factor is not

resolved and 2) the other sites where a NIA factor is resolved.

For CTR_June and YRK July, the same factors are resolved from PMF,:n03 analysis as
those from PMF,, analysis. The factors from PMF,in03 show good correlation with
corresponding factors from PMF,, regarding both time series (R>0.964) and mass spectrum

(R>0.997) (Fig. S5).

We note that in the optimal solutions of CTR June and YRK_July, the residuals of NO*
and NO," (i.e., Z(Residz/oz)/Qexp)) are larger than that in the optimal solutions of other sites
where NIA factor is resolved (Fig. S3). If one goes to higher number factor solutions, the
residuals of NO" and NO," of CTR June and YRK July are reduced, but the correlations
between factors from PMFq,.:n03 and corresponding factors from PMFq,, are weakened and
splitting behavior of real factors occurs (Ulbrich et al., 2009). Take YRK July for example, the
residual of NO" decreases from 155 in the three-factor solution (Fig. S3(c)) to 31 in the five-
factor solution (Fig. S16). However, the correlations of the time series between factors from
PMFore+n03 and the corresponding factors from PMFq,, are all weakened (Fig. S17 amd S5). In
addition, MO-OOA in three-factor solution splits into two factors in five-factor solution. Thus,

we select three-factor solution as the optimal solution for YRK July in the PMFq,+n03 analysis.

For all the sites except CTR June and YRK July, a nitrate inorganic aerosol (NIA) factor
was resolved. All OA factors except LO-OOA from PMF;no03 show good correlation with the
corresponding PMF,, OA factors with R>0.89 for time series and R>0.98 for mass spectrum
(Fig. S5). The correlation of the LO-OOA time series obtained from PMFyein03 and PMF,
analysis ranges from 0.77 to 0.98 (Fig. S5), which is not as strong as the correlation of other OA
factors. This is likely due to that the time series of LO-OOA being more similar to the total
measured nitrate (i.e., NO3 meas) than other OA factors, so that PMF has difficulty in separating
LO-OOA and NIA factor.
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An FPEAK value of 0 is chosen for all datasets except RS Jan. For RS Jan dataset,
PMFe+n03 solution with FPEAK = 0.2 is selected due to the following reasons. First of all,
solution with FPEAK=0 is not converged. Second of all, solution with FPEAK = 0.2 provides
the best correlation with PMF,,, factors for all the OA factors from PMF,no3 analysis. For
example, PMF:n03 solution with FPEAK =-0.2 cannot resolve a clear LO-OOA factor as
shown in Fig. S18.

Unlike all the other sites where all PMF,, OA factors can be clearly resolved in the
corresponding PMF,in03 analysis, we cannot resolve MO-OOA factor from PMFgino3 for
YRK Dec even up to ten-factor solution. From PMF,, analysis on YRK_Dec, we resolved three
factors, which are MO-OOA, LO-OOA, and BBOA. For PMFsno03 on YRK Dec, in the two-
factor solution, we resolve one NIA factor and only one OA factor, indicating that a two-factor
solution is insufficient to separate BBOA and OOA factors. In the three-factor solution, we
resolve clear NIA and BBOA factors, but just one OOA factor. This OOA factor correlates well
with the combined LO-OOA and MO-OOA factors from PMF,,, three-factor solution (R=0.94)
(Fig. S19(b)), indicating the OOA factor from PMF ,:n03 three-factor solution likely represents
the combination of LO-OOA and MO-OOA from PMF,,, three-factor solution. In PMFqzn03
four-factor solution, we resolve a factor whose correlation with all factors from PMF,, is very
weak (i.e., the highest R is 0.63) (Fig. S19(c)). This suggests that “splitting” behavior occurs for
the PMFoin03 four-factor solution. Taken together, PMF,n03 With a three-factor solution is
optimal for YRK Dec. It is also important to note that the focus of PMFino3 is for nitrate
source apportionment. Although PMF,no3 resolves different OA factors for different solutions,
the concentration of the NIA factor remains almost constant (i.e., the NIA factor concentration
ranges from 0.54 - 0.6 pg/m’ from 2 to 5 factor solutions). Thus, the number of factors resolved

for YRK Dec has minimal effect on our conclusion.
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Figure Captions

Fig. S1. Diagnostic plots of the PMF analysis on the high-resolution organic mass spectra (i.e.,
PMF,,,). The following plots are shown for all the datasets: (1) Q/Qcxp Vs number of factors; (2)
Q/Qexp vs. FPEAK for the solution with optimal number of factors; (3) mass fraction of PMF
factors vs. FPEAK; (4) correlations of time series and mass spectra among PMF factors; (5) the
distribution of scaled residuals for each m/z; (6) the time series of the measured and the
reconstructed organic mass; (7) variations of the residual (= measured - reconstructed) of the
least-square-fit vs. time; (8) the time series of Q/Qexp; (9) the Q/Qexp values vs. m/z.

Fig. S2. Mass spectra and time series of OA factors resolved from PMF analysis on the high-
resolution organic mass spectra (i.e. PMF,, analysis). Mass spectra are colored by ion type. The
time series of independent external tracers are also included.

Fig. S3. Diagnostic plots of the PMF analysis on the high-resolution merged organic and nitrate
mass spectra (i.e. PMFz+n03 analysis). The following plots are shown for all the datasets: (1)
Q/Qexp vs. number of factors; (2) Q/Qexp vs FPEAK for the solution with optimal number of
factors; (3) mass fraction of PMF factors vs. FPEAK; (4) correlations of time series and mass
spectra among PMF factors; (5) the distribution of scaled residuals for each m/z; (6) the time
series of the measured and the reconstructed organic mass; (7) variations of the residual (=
measured - reconstructed) of the least-square-fit vs. time; (8) the time series of Q/Qexp; (9) the
Q/Qexp values vs. m/z.

Fig. S4. Mass spectra of OA factors resolved from PMF analysis on the high-resolution merged
organic and nitrate mass spectra (i.e. PMF,1n03 analysis). Mass spectra are colored by ion type.

Fig. S5. Comparison between factors resolved from PMF analysis on merged organic and nitrate
mass spectra (i.e. PMF,4n03) and factors resolved from PMF analysis on organic mass spectra
(i.e. PMF,,) for all datasets. Each sub-panel shows the correlation coefficients of each factor
from PMF yy+n03 against all factors from PMF,, in terms of either mass spectrum or time series.
The factors from PMF,s+n03 are color-coded in the same way as Fig. S10, that is, MO-OOA, LO-
OOA, Isoprene-OA, HOA, BBOA, COA are dark green, light green, blue, grey, brown, and
yellow, respectively.

Fig. S6. The comparison of campaign-averaged mass concentration of factors resolved from
PMF analysis on merged organic and nitrate mass spectra (i.e. PMF+n03) and factors resolved
from PMF analysis on organic mass spectra (i.e. PMF,). RIE and CE are not applied.

Fig. S7. Campaign-averaged mass spectra of total OA for all datasets. Mass spectra are colored
by ion type.

Fig. S8. Diurnal profiles of brown carbon light absorption for all the datasets.
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Fig. S9. Scatter plot of Isoprene-OA vs. brown carbon light absorption for the datasets where a
Isoprene-OA factor was resolved.

Fig. S10. The atomic O:C and H:C ratios of OA factors resolved from PMF analysis on high-
resolution organic mass spectra (i.e. PMFy).

Fig. S11. Mass fractions of nitrate signals (i.e., NO" and NO,") and organic signals in the nitrate
inorganic aerosol (NIA) factor for the datasets where a NIA factor was resolved.

Fig. S12. NO'/NO," ratio of the nitrate inorganic aerosol (NIA) factor resolved from PMF
analysis on merged organic and nitrate mass spectra (i.e. PMFn03 analysis). The y-axis is
normalized by the NO'/NO," ratio of ammonium nitrate of each dataset.

Fig. S13. Time series of sodium and nitrate measured by a PILS-IC at Centreville, AL. The
PM, 5 cyclone was replaced with a PM; cyclone on June 24th, 2013.

Fig. S14. The comparison between ACSM measurements (stationary at the Georgia Tech site)
and HR-ToF-AMS measuremens (rotating among different sites) of NR-PM; species.

Fig. S15. Diurnal profiles of Ryeas/Ran for all datasets.

Fig. S16. The Q/Qcxp values for each m/z in the five-factor solution of PMFsn03 analysis on the
YRK July dataset.

Fig. S17. Correlation coefficients of the time series of factors from PMF 03 (five-factor
solution) with the time series of factors from PMF,,, (three-factor solution) for YRK_July.

Fig. S18. Correlation coefficients of the time series of factors from PMFino03 (six-factor
solution with FPEAK = -0.2) with the time series of factors from PMF,, (five-factor solution for
RS Jan.

Fig. S19. Correlation coefficients of the time series of factors from PMF s 1n03 (from two-factor
solution to four-factor solution) with the time series of factors from PMF,,, (three-factor solution
for YRK Dec.
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Fig. S2. Continued
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Fig. S2. Continued
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Fig. S5. Continued
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Fig. S17.

467

YOOOW
YOOO1
VO-auaidos|
YHN

70S

| EON

| VOOOW

' VOOO1
VO-ouaidos|
| VHN

| ¥OS

|EON

[ vooow

VYO-duaidos|

¥ uosiead

468
469
470
471
472
473
474
475
476
477
478
479
480
481
482

43



Fig. S18.
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Fig. S19.
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