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Table S1. Previously published diagnostic product branching ratios (determined as the percentage of the
addition product abundance divided by all product abundances) and the proton affinities (PA) of the
analytes as calculated using an isodesmic reaction scheme (the reference compound is also shown) and
the M06-2x functional using the 6-311++G(d,p) basis set and the given reference analyte (see
calculation of proton affinities in the main text for details). Known proton affinity values are supplied
where known. The proton affinity calculation is performed for all possible protonation sites and sites
with lower proton affinities than the maximum for the analyte are marked as “incorrect protonation”.

Protonated Training Set Reaction | Diagnostic Calculated Experimental
analyte # Product | Proton Affinity | Proton Affinity
Branching (kcal/mol) & (kcal/mol)®
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Sulfoxide Functionality in Protonated Analytes via lon/Molecule Reactions in Linear
Quadrupole lon Trap Mass Spectrometry. Analyst 2014, 139, 4296-4302.
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¢ PA is greater than that of MOP (214.42 kcal/mol as calculated using DFT and an isodesmic reaction
scheme using 2-methyl propylene as a reference analyte). Note that the experimental value of MOP is
213.9 kcal/mol (taken from Hunter et al®). See Calculation of proton affinities in the main text for

details.

d Reactivity change from the 67t to 78% quantile. See Cutoff Assignments for Machine Learning Model
and Figure 3 in the main text for details.
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Figure S1. Decision tree for the 40% cutoff model. This model shares some similarities to the 70% cutoff
model presented in the main text in that it uses the presence of a sulfoxide group and a N-oxide group
as the primary features for the prediction of whether a compound forms a diagnostic addition product
(DP) over proton transfer or no reaction (PT).



Table S2. This table mirrors Table 1 in the main text but gives additional details for the reactions of
protonated analytes with MOP. The protonation site was determined by calculations of the proton
affinities of all basic sites and the formation of a diagnostic product was determined based on data

shown in Figures S2 — S14. The proton affinities were calculated using the M06-2x functional with the 6-

311++g(d,p) basis set. Isodesmic reactions were used and each reference analyte is shown below (see

calculation of proton affinities in the main text for details).
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2 PA is greater than that of MOP (214.42 kcal/mol as calculated using DFT and an isodesmic reaction

scheme using 2-methyl propylene as a reference analyte). Note that the experimental value of MOP is
213.9 kcal/mol (see Hunter et al reference below). See Calculation of proton affinities in the main text
for details.

Hunter, E. P. L,; Lias, S. G. Evaluated Gas Phase Basicities and Proton Affinities of Molecules: An

Update. J. Phys. Chem. Ref. Data 1998, 27, 413—-656.
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Table S3. Additional diagnostic product branching ratio cutoffs and fingerprint radii for the decision tree
model. Here, radius refers to the radius parameter of the Morgan algorithm. The compounds are

numbered in the same manner as in Table S2.

Compound Radius 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.9
01 0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.50
02 0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.00
03 1.00 1.00 0.50 0.00 0.00 0.00 0.00 0.00
04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
05 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.50
06 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07 1.00 1.00 1.00 1.00 0.84 0.84 0.66 0.33
08 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
09 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.50
10 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
11 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.50
12 1.00 1.00 1.00 1.00 0.84 0.84 0.66 0.33
13 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
kappa 0.20 0.43 0.56 0.56 0.56 0.56 0.56 0.45
01 1 0.50 0.51 0.54 0.50 0.47 1.00 1.00 0.50
02 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00
03 0.11 0.00 0.08 0.00 0.00 0.33 0.00 0.00
04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
05 0.52 0.59 0.58 0.50 0.44 0.04 0.00 0.00
06 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.00
07 1.00 1.00 1.00 1.00 0.94 1.00 1.00 0.50
08 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.00
09 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.50
10 1.00 1.00 1.00 1.00 1.00 0.61 1.00 1.00
11 1.00 1.00 1.00 1.00 0.94 1.00 1.00 0.50
12 1.00 1.00 1.00 1.00 0.88 1.00 1.00 0.50
13 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
kappa 0.40 0.56 0.56 0.56 0.53 0.70 0.70 0.45
01 2 0.50 0.51 0.50 0.50 0.47 1.00 1.00 0.25
02 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.00
03 0.11 0.00 0.00 0.00 0.00 0.35 0.00 0.00
04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
05 0.52 0.59 0.50 0.50 0.44 0.04 0.00 0.00
06 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.00
07 1.00 1.00 1.00 1.00 0.94 1.00 1.00 0.25
08 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.00
09 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.25
10 1.00 1.00 1.00 1.00 1.00 0.60 1.00 1.00
11 1.00 1.00 1.00 1.00 0.94 1.00 1.00 0.25
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12 1.00 1.00 1.00 1.00 0.88 1.00 1.00 0.25
13 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
kappa 0.40 0.56 0.43 0.56 0.53 0.70 0.70 0.45
01 0.50 0.49 0.49 0.50 1.00 1.00 1.00 0.25
02 0.49 0.50 1.00 0.50 0.42 0.39 0.38 0.40
03 0.51 0.00 0.28 0.48 0.67 0.68 0.33 0.13
04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
05 1.00 0.67 0.49 0.50 0.00 0.00 0.00 0.13
06 1.00 0.00 0.00 0.95 1.00 1.00 0.67 0.00
07 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.25
08 0.00 0.00 0.00 0.95 1.00 1.00 0.67 0.00
09 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.25
10 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
11 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.25
12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.25
13 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
kappa 0.32 0.40 0.40 0.27 0.32 0.32 0.43 0.45
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Table S4. Regularized logistic regression results for various cutoffs and fingerprint radii. Here, radius
refers to the radius parameter of the Morgan algorithm. The compounds are numbered in the same
manner as in Table S2.

Compound Radius 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.9
01 0 0.63 0.46 0.55 0.69 0.77 0.33 0.27 0.21
02 0.82 0.38 0.38 0.22 0.67 0.33 0.27 0.11
03 0.89 0.36 0.21 0.19 0.23 0.28 0.27 0.03
04 0.13 0.14 0.10 0.15 0.10 0.28 0.27 0.03
05 0.78 0.67 0.56 0.71 0.65 0.28 0.27 0.18
06 0.36 0.36 0.21 0.19 0.11 0.28 0.27 0.03
07 0.79 0.69 0.75 0.75 0.65 0.33 0.27 0.11
08 0.36 0.36 0.21 0.19 0.11 0.28 0.27 0.03
09 0.90 0.69 0.75 0.75 0.93 0.33 0.27 0.17
10 0.81 0.86 0.86 0.84 0.80 0.34 0.33 0.70
11 0.90 0.69 0.75 0.75 0.93 0.33 0.27 0.17
12 0.79 0.69 0.75 0.75 0.65 0.33 0.27 0.11
13 0.98 0.80 0.71 0.81 0.90 0.29 0.33 0.14
kappa 0.32 0.40 0.56 0.56 0.43 0.00 0.00 0.24
01 1 0.56 0.48 0.48 0.45 0.39 0.33 0.27 0.20
02 0.65 0.48 0.41 0.22 0.16 0.33 0.27 0.08
03 0.65 0.37 0.19 0.18 0.08 0.28 0.27 0.02
04 0.13 0.10 0.08 0.16 0.08 0.28 0.27 0.02
05 0.61 0.41 0.48 0.46 0.24 0.28 0.27 0.18
06 0.32 0.17 0.19 0.18 0.08 0.28 0.27 0.04
07 0.83 0.67 0.72 0.75 0.74 0.33 0.27 0.12
08 0.29 0.17 0.19 0.18 0.08 0.28 0.27 0.03
09 0.86 0.74 0.72 0.75 0.75 0.33 0.27 0.15
10 0.84 0.81 0.87 0.84 0.77 0.34 0.33 0.60
11 0.85 0.72 0.72 0.75 0.75 0.33 0.27 0.31
12 0.84 0.68 0.72 0.75 0.74 0.33 0.27 0.24
13 0.95 0.79 0.65 0.80 0.60 0.29 0.33 0.18
kappa 0.32 0.53 0.53 0.53 0.53 0.00 0.00 0.24
01 2 0.53 0.48 0.25 0.28 0.26 0.33 0.27 0.18
02 0.63 0.49 0.39 0.22 0.27 0.33 0.27 0.18
03 0.64 0.36 0.20 0.18 0.21 0.28 0.27 0.17
04 0.12 0.10 0.09 0.16 0.14 0.28 0.27 0.15
05 0.56 0.42 0.24 0.29 0.29 0.28 0.27 0.17
06 0.26 0.16 0.20 0.18 0.20 0.28 0.27 0.17
07 0.81 0.67 0.75 0.75 0.52 0.33 0.27 0.17
08 0.19 0.13 0.20 0.18 0.20 0.28 0.27 0.15
09 0.87 0.76 0.75 0.75 0.52 0.33 0.27 0.17
10 0.81 0.79 0.86 0.84 0.66 0.34 0.33 0.35
11 0.85 0.74 0.75 0.75 0.52 0.33 0.27 0.18
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12 0.82 0.69 0.75 0.75 0.52 0.33 0.27 0.18
13 0.94 0.78 0.71 0.80 0.59 0.29 0.33 0.32
kappa 0.32 0.53 0.53 0.53 0.53 0.00 0.00 0.00
01 0.44 0.42 0.46 0.51 0.34 0.47 0.51 0.23
02 0.85 0.59 0.81 0.63 0.68 0.58 0.50 0.48
03 0.33 0.30 0.29 0.27 0.31 0.32 0.26 0.17
04 0.09 0.12 0.08 0.13 0.10 0.01 0.02 0.07
05 0.78 0.68 0.61 0.65 0.39 0.59 0.26 0.18
06 0.63 0.38 0.35 0.29 0.33 0.36 0.26 0.18
07 0.87 0.68 0.75 0.75 0.59 0.81 0.75 0.09
08 0.38 0.31 0.21 0.20 0.17 0.06 0.06 0.07
09 0.70 0.67 0.68 0.63 0.59 0.81 0.52 0.09
10 0.98 0.91 0.89 0.87 0.75 0.77 0.68 0.62
11 0.81 0.68 0.75 0.75 0.59 0.82 0.79 0.23
12 0.87 0.68 0.75 0.75 0.59 0.81 0.75 0.23
13 0.93 0.80 0.80 0.85 0.73 0.73 0.68 0.60
kappa 0.15 0.27 0.27 0.43 0.40 0.27 0.70 0.45
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Table S5. Generalized Linear Model (GLM) results for various cutoffs and fingerprint radii. Here, radius
refers to the radius parameter of the Morgan algorithm. The compounds are numbered in the same
manner as in Table S2.

Compound Radius 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.9
01 0 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
02 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
03 0.00 0.98 1.00 1.00 1.00 0.00 0.00 0.00
04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
05 0.00 0.20 1.00 1.00 1.00 1.00 1.00 0.00
06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07 0.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00
08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
09 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
10 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
11 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
12 0.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00
13 0.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
kappa -0.18 0.43 0.32 0.32 0.32 0.09 0.09 0.45
01 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00
03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
05 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
09 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
10 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
11 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
kappa 0.09 0.09 0.09 0.09 0.22 0.22 0.22 0.35
01 2 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00
02 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00
03 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00
04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
09 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
10 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00
11 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
13 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
kappa 0.27 0.27 0.27 0.27 0.35 0.16 0.16 0.30
01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00
03 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00
04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
05 0.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00
06 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00
07 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
11 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
13 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00
kappa 0.27 0.15 0.15 0.15 0.22 0.49 0.49 0.49
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Table S6. Partial Least Squares (PLS) results for various cutoffs and fingerprint radii. Here, radius refers

to the radius parameter of the Morgan algorithm. The compounds are numbered in the same manner as

in Table S2.

Compound Radius 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.9
01 0 0.60 0.42 0.47 0.51 0.59 0.65 0.38 0.38
02 0.68 0.53 0.60 0.51 0.60 0.59 0.43 0.30
03 0.77 0.62 0.49 0.36 0.49 0.50 0.44 0.31
04 0.21 0.14 0.17 0.26 0.14 0.14 0.24 0.19
05 0.66 0.56 0.53 0.48 0.52 0.61 0.46 0.41
06 0.33 0.35 0.40 0.40 0.32 0.26 0.35 0.24
07 0.64 0.63 0.69 0.66 0.66 0.60 0.46 0.32
08 0.33 0.35 0.40 0.40 0.32 0.26 0.35 0.24
09 0.79 0.68 0.70 0.62 0.73 0.73 0.46 0.35
10 0.68 0.74 0.71 0.69 0.71 0.64 0.62 0.68
11 0.79 0.68 0.70 0.62 0.73 0.73 0.46 0.35
12 0.64 0.63 0.69 0.66 0.66 0.60 0.46 0.32
13 0.91 0.85 0.74 0.54 0.74 0.70 0.59 0.58
kappa 0.32 0.15 0.27 0.56 0.43 0.32 0.45 0.45
01 1 0.55 0.50 0.48 0.46 0.45 0.57 0.60 0.33
02 0.58 0.47 0.55 0.48 0.48 0.42 0.48 0.33
03 0.57 0.50 0.38 0.37 0.38 0.38 0.37 0.28
04 0.27 0.18 0.23 0.25 0.22 0.21 0.23 0.23
05 0.49 0.43 0.39 0.40 0.37 0.44 0.43 0.35
06 0.30 0.22 0.32 0.35 0.29 0.23 0.24 0.29
07 0.71 0.64 0.69 0.65 0.69 0.67 0.67 0.41
08 0.30 0.23 0.32 0.34 0.31 0.23 0.22 0.28
09 0.78 0.70 0.72 0.63 0.72 0.77 0.80 0.41
10 0.70 0.74 0.65 0.65 0.61 0.61 0.60 0.54
11 0.75 0.67 0.68 0.61 0.67 0.74 0.75 0.45
12 0.71 0.64 0.68 0.64 0.66 0.67 0.66 0.44
13 0.83 0.81 0.68 0.65 0.66 0.61 0.61 0.54
kappa 0.43 0.40 0.40 0.53 0.53 0.70 0.70 0.45
01 2 0.50 0.45 0.47 0.46 0.42 0.40 0.40 0.31
02 0.54 0.51 0.52 0.50 0.46 0.39 0.45 0.30
03 0.55 0.43 0.34 0.36 0.36 0.39 0.34 0.31
04 0.27 0.22 0.25 0.24 0.23 0.22 0.22 0.26
05 0.50 0.45 0.38 0.37 0.35 0.37 0.34 0.34
06 0.33 0.29 0.31 0.30 0.30 0.29 0.27 0.31
07 0.69 0.65 0.68 0.67 0.65 0.52 0.59 0.33
08 0.30 0.27 0.30 0.30 0.29 0.27 0.25 0.28
09 0.75 0.69 0.71 0.67 0.65 0.50 0.63 0.30
10 0.65 0.67 0.63 0.62 0.56 0.51 0.52 0.43
11 0.70 0.65 0.65 0.63 0.61 0.50 0.58 0.35
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12 0.67 0.64 0.64 0.64 0.61 0.52 0.54 0.36
13 0.78 0.72 0.61 0.61 0.60 0.55 0.56 0.44
kappa 0.27 0.40 0.40 0.53 0.53 0.53 0.53 0.00
01 0.54 0.48 0.50 0.48 0.45 0.44 0.47 0.34
02 0.60 0.57 0.56 0.56 0.52 0.42 0.51 0.33
03 0.60 0.49 0.45 0.42 0.41 0.43 0.35 0.33
04 0.26 0.22 0.24 0.25 0.24 0.22 0.26 0.26
05 0.58 0.53 0.51 0.44 0.44 0.42 0.44 0.35
06 0.47 0.40 0.42 0.38 0.38 0.35 0.41 0.33
07 0.66 0.63 0.65 0.66 0.63 0.50 0.60 0.34
08 0.33 0.27 0.32 0.31 0.30 0.26 0.32 0.29
09 0.64 0.61 0.59 0.59 0.57 0.46 0.58 0.30
10 0.67 0.69 0.69 0.64 0.59 0.54 0.57 0.45
11 0.65 0.63 0.64 0.61 0.59 0.49 0.61 0.36
12 0.66 0.64 0.64 0.63 0.61 0.53 0.59 0.38
13 0.78 0.72 0.70 0.64 0.62 0.55 0.54 0.43
kappa 0.32 0.27 0.27 0.40 0.40 0.83 0.40 0.00
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Table S7. K-Nearest Neighbor (KNN) results for various cutoffs and fingerprint radii. Here, radius refers
to the radius parameter of the Morgan algorithm. The compounds are numbered the same manner as in

Table S2.
Compound Radius 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.9
01 0 0.33 0.33 0.33 0.33 0.33 0.33 0.25 0.17
02 0.45 0.36 0.36 0.36 0.36 0.27 0.27 0.18
03 0.56 0.22 0.11 0.11 0.11 0.11 0.11 0.00
04 0.40 0.20 0.20 0.20 0.20 0.20 0.20 0.10
05 0.57 0.43 0.29 0.29 0.29 0.27 0.27 0.18
06 0.29 0.14 0.14 0.14 0.14 0.17 0.17 0.08
07 0.56 0.56 0.56 0.56 0.56 0.44 0.33 0.22
08 0.29 0.14 0.14 0.14 0.14 0.17 0.17 0.08
09 0.45 0.36 0.36 0.36 0.36 0.27 0.27 0.18
10 0.33 0.33 0.33 0.33 0.33 0.22 0.22 0.22
11 0.45 0.36 0.36 0.36 0.36 0.27 0.27 0.18
12 0.56 0.56 0.56 0.56 0.56 0.44 0.33 0.22
13 0.86 0.57 0.43 0.43 0.43 0.36 0.36 0.29
kappa 0.35 0.65 0.45 0.45 0.45 0.00 0.00 0.00
01 1 0.33 0.33 0.29 0.27 0.20 0.20 0.20 0.13
02 0.45 0.36 0.29 0.36 0.36 0.27 0.27 0.18
03 0.33 0.11 0.00 0.00 0.00 0.00 0.00 0.00
04 0.25 0.08 0.13 0.08 0.08 0.08 0.08 0.08
05 0.50 0.30 0.30 0.30 0.30 0.30 0.30 0.20
06 0.40 0.20 0.20 0.20 0.20 0.10 0.10 0.10
07 0.40 0.40 0.50 0.40 0.40 0.30 0.30 0.20
08 0.40 0.20 0.20 0.20 0.20 0.10 0.10 0.10
09 0.45 0.36 0.38 0.36 0.36 0.27 0.27 0.18
10 0.45 0.45 0.45 0.45 0.45 0.36 0.36 0.27
11 0.45 0.36 0.38 0.36 0.36 0.27 0.27 0.18
12 0.33 0.33 0.50 0.33 0.33 0.25 0.25 0.17
13 0.55 0.45 0.57 0.36 0.36 0.27 0.27 0.27
kappa 0.24 0.00 0.24 0.00 0.00 0.00 0.00 0.00
01 2 0.30 0.20 0.20 0.20 0.20 0.20 0.20 0.10
02 0.33 0.14 0.14 0.14 0.33 0.33 0.33 0.22
03 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.00
04 0.22 0.00 0.00 0.00 0.11 0.11 0.11 0.11
05 0.42 0.20 0.20 0.20 0.25 0.25 0.25 0.17
06 0.33 0.00 0.00 0.00 0.17 0.08 0.08 0.08
07 0.36 0.36 0.36 0.36 0.36 0.27 0.27 0.18
08 0.40 0.00 0.00 0.00 0.20 0.10 0.10 0.10
09 0.38 0.43 0.43 0.43 0.31 0.23 0.23 0.15
10 0.44 0.40 0.40 0.40 0.33 0.33 0.33 0.22
11 0.30 0.33 0.33 0.33 0.30 0.30 0.30 0.20
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12 0.33 0.29 0.29 0.29 0.33 0.25 0.25 0.17
13 0.38 0.50 0.50 0.50 0.38 0.31 0.31 0.23
kappa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01 0.40 0.56 0.44 0.40 0.33 0.33 0.33 0.22
02 0.20 0.40 0.40 0.20 0.40 0.30 0.30 0.30
03 0.40 0.43 0.27 0.40 0.27 0.27 0.27 0.18
04 0.00 0.00 0.10 0.00 0.10 0.10 0.10 0.10
05 0.29 0.29 0.27 0.29 0.27 0.27 0.27 0.18
06 0.17 0.22 0.11 0.17 0.11 0.11 0.11 0.11
07 0.40 0.33 0.33 0.40 0.33 0.22 0.22 0.22
08 0.40 0.22 0.22 0.20 0.22 0.11 0.11 0.11
09 0.40 0.43 0.33 0.40 0.33 0.33 0.33 0.22
10 0.60 0.50 0.33 0.60 0.33 0.33 0.33 0.22
11 0.40 0.38 0.33 0.40 0.25 0.25 0.25 0.17
12 0.43 0.43 0.33 0.29 0.33 0.33 0.33 0.22
13 0.50 0.56 0.44 0.50 0.44 0.33 0.33 0.22
kappa 0.24 0.45 0.00 0.24 0.00 0.00 0.00 0.00
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Figure S2. MS/MS spectrum measured after 500 ms reaction of protonated diisobutyl sulfoxide with
MOP, indicating the formation of a diagnostic addition product (M+H+MOP).
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Figure S3.MS/MS spectrum measured after 3,000 ms reaction of protonated sulfonyl dimidazole with
MOP, indicating the formation of a diagnostic addition product.
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Figure S4. MS/MS spectrum measured after 10,000 ms reaction of protonated picoline N-oxide with
MOP, indicating the formation of a diagnostic addition product. No proton transfer product was
observed.
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Figure S5. MS/MS spectrum measured after 3000 ms reaction of protonated ricobendazole with MOP,
indicating the formation of a diagnostic addition product. No proton transfer product was observed.
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Figure S6. MS/MS spectrum measured after 10,000 ms reaction of protonated 8-nitroquinolone with
MOP, indicating that no diagnostic addition product was formed. No proton transfer product was
formed, either.
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Figure S7. MS/MS spectrum measured after 3,000 ms reaction of protonated benzene sulfonic acid with

MOP, indicating that a diagnostic addition product was not formed. Instead, a proton transfer product
was observed (MOP+H).
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Figure S8. MS/MS spectrum measured after 10,000 ms reaction of protonated albendazole with MOP,
indicating that a diagnostic addition product was not formed. No proton transfer product was observed,

either.
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Figure $9. MS/MS spectrum measured after 3,000 ms reaction of protonated 4-nitroquinoline N-oxide
with MOP. Although evidence of a diagnostic addition product is seen, the presence of a major proton
transfer product indicates that this reaction is not suitable for diagnostic applications.
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Figure $10. MS/MS spectrum measured after 3,000 ms reaction of protonated 3-methylbenzophenone

with MOP, indicating that a diagnostic addition product was not formed. Instead, a proton transfer
product was observed.
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Figure S11. MS/MS spectrum measured after 3,000 ms reaction of protonated 4-nitropyridine N-oxide
with MOP, indicating that a diagnostic addition product was not formed. Instead, a proton transfer
product was observed.
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Figure $S12. MS/MS spectrum measured after 10,000 ms reaction of protonated 3,5-diiodo-4-pyridine-1-
acetic acid with MOP, indicating that a diagnostic addition product was not formed. No proton transfer
product was observed, either.
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Figure S13. MS/MS spectrum measured after 500 ms reaction of protonated 2-methoxybenzoic acid
with MOP. Although evidence of a diagnostic addition product is seen, the presence of a major proton
transfer product indicates that this reaction is not suitable for diagnostic applications.
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Figure S14. MS/MS spectrum measured after 1000 ms reaction of protonated 4-methylpyridine N-oxide
with MOP, indicating the formation of a diagnostic addition product. No proton transfer product was
observed.

The diagnostic product branching ratio is the fraction of product ions that have the mass of the analyte
plus a proton plus the mass of MOP relative to all product ions generated. These values were measured
at several reaction times and found to be constant with time as no secondary reactions took place. The
average branching ratios were obtained by calculating the mean of the branching ratios of each product
ion tested on different experimental days. The standard deviation of the most abundant product ion
formed in each reaction tested on different experimental days were also obtained using the equation
below.

N
_ 1 82
= N—1_Z(xi X)

Sample standard deviation i=1

N: number of experimental days
Xi: the observed branching ratio (most abundant product ion) of each day

X: the mean value of the branching ratios (most abundant product ion) for all experimental days
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