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Weighting Factors for m/z 44-Related Peaks

The organic mass spectrum measured by the Q-AMS is estimated from the full measured
mass spectrum but application of a “fragmentation table” (Allan et al., 2004). Several of the
m/z’s in the AMS organic spectrum are related to m/z 44 by proportional constants in the

fragmentation table such that the signals, x, are related by

Xmiz 18 = Xm/z 44 (SI-1)
Xmiz17 = 0.27 Xmyjz 18 = 0.27 Xmyz 44 (S1-2)
Xmiz 16 = 0.04 Xz 18 = 0.04 Xz 44 (S1-3)

and likewise their errors have the same relationships:

Om/z 18 = Om/z 44 (S1-4)
Omiz17 = 0.27 Oz 44 (SI-5)
omiz16 = 0.04 Oz 44 (S1-6)

Including all of these m/z’s gives duplicates the signal at m/z 44 and gives excessive
weight to this large signal in the PMF fit. The group of duplicate peaks (m/z’s 16, 17, and 18)
could be omitted from the PMF input and then reconstructed afterwards, but it would be more
convenient to include them in the fit but weigh them so that the Q-contribution of the group is
the same as the Q-contribution if only m/z 44 had been included.

In order to satisfy

Qm/z 44 only — Qall m/z 44-related ions (SI'7)

assume that the errors when all m/z 44-related peaks are included must be multiplied by a factor

a such that

3 / 3 / - / ‘o / < / i
m 744 m z44 m z18 m z17 m 216

2 Z Z 2 are Z (S1-8)

i=L\ O m/z44 A\ 2% 0 )4 T\ @%0 s i\ @7 07 2\ 2%0 )6
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Substituting Egs. (SI-1) to (SI-6),

2 2 2 2
Zm:(xm/zMJ :Zm:( Xm/z44 j + - [ m/z44 j i[ o'27Xm/z44 J +i( O'04Xm/z44 j
i1\ Omy/z44 T\ 8% 0 I\ 8% 00 1\a*0.270 4 1\ 2*0.040,,,,4

(SI1-9)

all of the proportionality constants cancel, and the equation can be reduced to

m X 2

Z( m/z44J _ = Z[ m/z44j (SI-10)

i=1\ O m/z44 O /44
and a = 2 (i.e., a = the square root of the number of m/z 44-related ions).

Analyses of HR-ToF-AMS data (Aiken et al., 2008) have led to revisions of the
fragmentation table such that m/z 28 is now assigned organic mass. When the revised
fragmentation table is used, the scaling factor a for the error should be sqrt (5) = 2.24 because

there are five ions (m/z’s 44, 28, 18, 17, 16) related to m/z 44.



48

49

50

o1

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

Calculation of the Angle between a Vector and a Plane

The factor MS can be considered as vectors in a 270-dimensional space. Any two vectors
in this space define a plane. Here we consider the plane defined by the HOA and OOA-1 MS
vectors. Any 3" vector in that 270-dimensional space will have an angle with respect to that
plane. Any vector which is the linear combination of HOA and OOA-1 would lie exactly in that
plane and have an angle of zero with respect to the plane. Any vector not in the HOA-OOA-1
plane is not a linear combination of HOA and OOA-1, and its “distance” from the HOA-OOA-1
plane can be quantified by the angle « between the plane and the vector.

In linear algebra terms, let A be a 270 x 2 matrix formed by combining the non-
orthogonal, non-collinear column vectors HOA and OOA-1 such that

A = (HOA, OOA-1) (SI-11)
and rank(A) = 2. A projection matrix P may be constructed by

P=AATA)'AT (SI-12)
which gives the projection (w) of a third vector (v, which is OOA-2 in the quoted example) onto
the plane by

Pv=w (SI-13)

A right triangle between v and the HOA-OOA-1 plane can be identified in which w is the
base (and lies in the HOA-OOA-1 plane), v is the hypotenuse, and a vector z could be drawn
perpendicular to the plane to define the height (Olver and Shakiban, 2006). The cosine of the

angle « between V and the plane can be defined by
coSa =+ (SI-14)

and « can be calculated with the inverse cosine function.
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Figure S1. Comparisons of the uncentered correlation with Pearson R. All PMF factors are from
solutions of the real Pittsburgh case with solutions from 1 to 7 factors at FPEAKS from -3.0 to
+3.0. Sixty MS from the Mass Spectral Database are used for MS comparisons; 34 tracer TS are
used for TS comparsions. a) MS from PMF solutions vs. database MS; b) MS from PMF
solutions vs. MS from PMF solutions; ¢) TS from PMF solutions vs. tracer TS; d) TS from PMF

solutions vs. TS from PMF solutions.
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Figure S4. RM® between representative spectra from the AMS Mass Spectral Database
(http://cires.colorado.edu/jimenez-group/AMSsd) and a) the third factor mass spectrum from the
3-factor PMF solution of the real Pittsburgh dataset, b) the fourth factor mass spectrum from the
4-factor PMF solution of the real Pittsburgh dataset, and c¢) the “mixed” factor mass spectrum
from the 3-factor PMF solution of 2-factor base case. Values are given in Table S1.
Superscripts denote the source of the reference spectra as follows: (a) Zhang et al., 2005; b)
Canagaratna et al., 2004; c) Alfarra et al., 2004; d) Alfarra, 2004; e) Bahreini et al., 2005; f)
Sage et al., 2007; g) .M. Ulbrich, J. Kroll, J.A. Huffman, T. Onash, A. Trimborn, J.L. Jimenez,
unpublished spectra, FLAME-I, Missoula, MT, 2006; h) Schneider et al., 2006)
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Figure S13. PMF solutions of the 3-factor synthetic base case with a) 2 factors, b) 3 factors, c) 4

factors, and d) 5 factors.
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151  Figure S14. 3-factor solutions of the 3-factor synthetic base case for selected “good” FPEAK
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Fig. S15. a) Correlations between 3-factor real output and all synthetic input cases. b) Retrieval
correlations between PMF and input TS and MS versus mass fraction of different third factors in
synthetic cases. Markers denote the resemblance of the factors to the input MS or TS. For the
MS, O, S, F, and B refer to OOA-2, SOA, FA, and BBOA, respectively. For the TS, T refers to
the input TS. For both cases, H and | refer to HOA and OOA-1, respectively.
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Table S1. Correlations between PMF factor TS and tracer species.

TS

TS

U R
OOA-1 vs. Sulfate 0.95 0.85
OOA-2 vs. Nitrate 0.79 0.79
OOA-2 vs. Chloride | 0.82 0.82
HOA vs. CO 0.93 0.93
HOA vs. NOx 0.95 0.95
HOA vs. EC 0.93 0.83
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Table S2. Correlations between PMF factor and selected reference MS from the AMS spectral database.
b) OOA-1a, Real Data

a) OOA-2, Real Data

3-factor solution

4-factor solution

¢) "mixed" Factor, 2-factor

Synthetic Data
3-factor solution

g g e 2 g g o g " E & 2
O O x O O [a s = x
Reference Spectrum > > > > > >
HOA Pittsburgh (Zhang et al.) 0.74 0.91 0.71 0.91 0.37 0.69 | 0.32 0.65 0.82 0.98 0.92 0.99
Diesel Bus Exhaust 090 093] 089 0.93 0.68 0.63|0.65 0.59 0.92 097| 096 0.98
Lubricating Oil 074 092| 071 0.93 0.32 054|027 0.50 0.76 093 | 0.86 0.95
OOA Pittsburgh (Zhang etal) |[0.83 0.56 | 0.82  0.47 0.96 0.94|0.96 0.93 0.86 0.71| 071 0.59
aged rural 0.84 0.78 0.83 0.73 0.98 0.96 | 0.98 0.95 0.87 0.91 0.73 0.85
Fulvic Acid 0.72 0.71 0.72 0.59 0.97 0.91 | 0.97 0.90 0.69 0.78 0.50 0.69
a-pinene 078 066| 075 0.62 0.74 091|073 0.90 0.93 0.86| 090 0.81
B-caryophyllene 0.82 0.71 0.80 0.65 0.71 0.93 | 0.69 0.92 0.94 0.86 0.92 0.81
linaloolSOA 0.77 0.62 0.75 0.56 0.68 0.83 | 0.66 0.81 0.87 0.74 0.81 0.64
a-terpinene 0.83 0.74 0.81 0.69 0.75 0.91 | 0.73 0.90 0.94 0.88 0.90 0.83
m-xylene 0.84 0.61| 0.84 0.3 0.94 0.82|0.94 0.78 0.84 0.69| 0.69 0.59
Diesel Exhaust, 0.25 hr 0.83 0.89| 080 0.86 057 0.81|053 0.78 0.90 091| 095 0.91
Diesel Exhaust, 2.25 hr 0.92 0.85 0.90 0.81 0.80 0.89 | 0.78 0.87 0.98 0.91 0.94 0.90
Diesel Exhaust, 4.25 hr 0.92 0.85 0.91 0.80 0.86 0.90 | 0.86 0.89 0.97 0.92 0.91 0.90
Ceanothus BBOA 0.88 0.85| 0.85 0.80 0.70 0.84|0.68 0.81 0.94 090| 0.94 0.89
Chamise BBOA 0.92 0.86| 090 0.83 0.82 0.86|0.81 0.84 0.93 094| 0.85 0.93
Palmetto BBOA 0.89 0.84 0.87 0.80 0.81 0.89 | 0.79 0.87 0.97 0.95 0.93 0.90
Juniper BBOA 0.92 0.87 0.90 0.83 0.84 0.85 | 0.83 0.82 0.97 0.94 094 0.94
Manzanita BBOA 0.88 0.85| 085 0.81 0.72 0.85|0.70 0.83 0.95 091| 092 0.94
Ponderosa Pine Duff BBOA 081 0.83| 077 0.78 056 0.80|051 0.76 0.88 0.90| 0.93 0.89
Ponderosa BBOA 0.85 0.85 0.83 0.81 0.64 0.82 | 0.61 0.78 0.93 0.91 091 0.88
Rice Straw BBOA 0.84 0.85 0.80 0.81 0.71 0.85 | 0.69 0.84 0.93 0.88 0.91 0.87
Sage and Rabbit Brush BBOA 0.88 0.86 0.87 0.82 0.93 0.89 | 0.93 0.87 0.91 0.94 0.79 0.92
Wax Myrtle BBOA 0.80 0.84| 0.87 0.80 0.75 0.87|0.73 0.84 0.95 092| 093 0.91
Levoglucosan 0.64 045| 061 0.42 046 0.33|0.43 0.29 0.67 046 | 061 041
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169  Table S3. Correlations between input factors for the 3-factor synthetic cases.

OOA-2 BBOA FA SOA OO0OA-1
uMs u™s uMs u™s uMs u™s uMs u™s uMs u™s
HOA 0.81 0.84 0.88 0.84 0.39 0.84 0.76 0.84 0.61 0.60
OO0A-1 0.84 0.55 0.81 0.55 0.89 0.55 0.86 0.55
OOA-2 BBOA FA SOA OO0OA-1
RMS R™S RMS RS RMS RS RMS R™S RMS RS
HOA 0.79 0.74 0.87 0.74 0.36 0.74 0.73 0.74 0.58 0.02

OO0OA-1 0.83] 009| 081] 009| 0.89]| 0.09| 0.85] 0.09
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