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Method Development and
Optimization
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Dimension Reduction,
Data Analysis, and
Method Comparison




Molecule Differentiation with VUV
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Linear Discriminate Analysis Scores

VS

Row Actual SqDist(Actual) |Prob(Actual)| -Log(Prob) Predicted Prob(Pred)
1 Pseudoephedrine 2.867419075 1.0000 0.000 Pseudoephedrine 1.0000
2 Pseudoephedrine 4.756218574 1.0000 0.000 Pseudoephedrine 1.0000
3 Pseudoephedrine 0.85105816 1.0000 0.000 Pseudoephedrine 1.0000
4 Amphetamine 1.339068078 1.0000 0.000 Amphetamine 1.0000
5 Amphetamine 5.049067188 1.0000 0.000 Amphetamine 1.0000
6 Amphetamine 2.613566645 1.0000 0.000 Amphetamine 1.0000
7 |Methylphenethylamine| 0.559130435 1.0000 0.000 Methylphenethylamine|  1.0000
8 |Methylphenethylamine| 2.21665668 1.0000 0.000 Methylphenethylamine|  1.0000
9 |Methylphenethylamine| 4.661519032 1.0000 0.000 Methylphenethylamine|  1.0000
10 | Methamphetamine 0.39101123 1.0000 0.000 Methamphetamine 1.0000
11 | Methamphetamine 0.798695716 1.0000 0.000 Methamphetamine 1.0000
12 | Methamphetamine 0.271173389 1.0000 0.000 Methamphetamine 1.0000
13 Phentermine 0.054093181 1.0000 0.000 Phentermine 1.0000
14 Phentermine 0.182454685 1.0000 0.000 Phentermine 1.0000
15 Phentermine 0.146205638 1.0000 0.000 Phentermine 1.0000
16 |Dimethylamphetamine| 5.340529115 1.0000 0.000 Dimethylamphetamine 1.0000
17 |Dimethylamphetamine| 3.477602163 1.0000 0.000 Dimethylamphetamine| 1.0000
18 |Dimethylamphetamine| 2.338286102 1.0000 0.000 Dimethylamphetamine 1.0000
19 Ethylamphetamine 2.357417628 1.0000 0.000 Ethylamphetamine 1.0000
20 Ethylamphetamine 1.577573617 1.0000 0.000 Ethylamphetamine 1.0000
21 Ethylamphetamine 0.151253667 1.0000 0.000 Ethylamphetamine 1.0000
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Method Comparison

_,_-Dimethylbenzene
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1-Ethyl-3-methylbenzene
1-Ethyl-3-methylbenzene
1-Ethyl-3-methylbenzene
1-Ethyl-3-methylbenzene
1-Ethyl-3-methylbenzene
1-Ethyl-3-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-2-methylbenzene
1,4-Dimethylbenzene
1.4-Dimethylbenzene
1.4-Dimethylbenzene
1,4-Dimethylbenzene
1.4-Dimethylbenzene
1,4-Dimethylbenzene
1,4-Dimethylbenzene
1.4-Dimethylbenzene
1,4-Dimethylbenzene
1.4-Dimethylbenzene
3-Dimethylbenzene
3-Dimethylbenzene
3-Dimethylbenzene
3-Dimethylbenzene
3-Dimethylbenzene
3-Dimethylbenzene
3-Dimethylbenzene
3-Dimethylbenzene
3-Dimethylbenzene
3-Dimethylbenzene
2-Dimethylbenzene
2-Dimethylbenzene
2-Dimethylbenzene
2-Dimethylbenzene
2-Dimethylbenzene
2-Dimethylbenzene
2-Dimethylbenzene
2-Dimethylbenzene
.2-Dimethylbenzene
2-Dimethylbenzene

SqDist(Actual) Prob(Actual)

0.42406
0.64191
2.36280
0.20536
0.67108
1.83933
0.86245
1.66880
0.29272
2.03802
1.31235
2.36802
0.23468
1.10959
0.09246
0.72664
2.77220
45.30598
3.40272
0.55236
1.70890
1.23800
2.92180
0.42421
0.57682
1.30832
0.64743
15.58065
3.43009
0.65558
1.00219
1.91160
0.29002
0.50008
£.26496
176126
2.84770
1.20991
0.19845
0.32080
0.13131
171004
0.57789
0.02806
0.71661
3.34630
0.16595
1.75491
6.37153
0.55p42
0.03193
2.15029
2.01796
4.34638
0.31737
1.29020
3.17236
13.62626
3.42504
1.55189

0.5173
0.6218
0.3265
0.6122
0.4402
0.7057
0.4462
0.5757
0.6297
0.2859
0331
0.2080
0.4601
0.6212
0.4352
0.4402
0.7030
0.9891
0.3952
0.4419
0.2438
0.5089
0.8915
0.7133
0.7473
0.5410
0.5723
0.9999
0.1657
0.9219
0.5747
0.7613
0.6547
0.4970
0.0577
0.4699
0.7882
0.5494
0.5354
0.6305
0.5007
0.4129
0.5354
0.5466
0.4188
0.5487
0.5732
0.4538
0.0412
0.5434
0.9696
0.9836
0.4001
0.9978
0.9476
0.6623
0.2493
1.0000
0.9653
0.6638

-Log(Prob)
0.659
0.475
1.119
0.491
0.821
0.349
0.807
0.552
0.463
1.252
1.105
1.570
0.776
0.476
0.832
0.821
0.352
0.0m
0.928
0.817
141
0.675
0.113
0.338
0.201
0.614
0.558
0.000
1.798
0.071
0.554
0.273
0.424
0.699
2.853
0.755
0.238
0.599
0.625
0.461
0.692
0.884
0.625
0.604
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Predicted
1-Ethyl-4-methylbenzene
1-Ethyl-4-methylbenzene
1-Ethyl-3-methylbenzene
1-Ethyl-4-methylbenzene
1-Ethyl-3-methylbenzene
1-Ethyl-4-methylbenzene
1-Ethyl-4-methylbenzene
1-Ethyl-4-methylbenzene
1-Ethyl-4-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-4-methylbenzene
1-Ethyl-4-methylbenzene
1-Ethyl-3-methylbenzene
1-Ethyl-3-methylbenzene
1-Ethyl-4-methylbenzene
1-Ethyl-3-methylbenzene
1-Ethyl-3-methylbenzene
1-Ethyl-3-methylbenzene
1-Ethyl-4-methylbenzene
1-Ethyl-3-methylbenzene
1-Ethyl-4-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-4-methylbenzene
1-Ethyl-2-methylbenzene
1,4-Dimethylbenzene
1.4-Dimethylbenzene
1.4-Dimethylbenzene
1,4-Dimethylbenzene
1.2-Dimethylbenzene
1,3-Dimethylbenzene
1.4-Dimethylbenzene
1.4-Dimethylbenzens
1,4-Dimethylbenzene
1.4-Dimethylbenzene
1,3-Dimethylbenzene
1.4-Dimethylbenzene
1,3-Dimethylbenzene
1.3-Dimethylbenzene
1.4-Dimethylbenzene
1,3-Dimethylbenzene
1.3-Dimethylbenzene
1.4-Dimethylbenzene
1.2-Dimethylbenzene
.2-Dimethylbenzene
2-Dimethylbenzene
.2-Dimethylbenzene
.3-Dimethylbenzene
.2-Dimethylbenzene
.2-Dimethylbenzene
2-Dimethylbenzene
.3-Dimethylbenzene
2-Dimethylbenzene
.2-Dimethylbenzene
.2-Dimethylbenzene

M

Prob(Pred) Others

0.5175
0.6218
0.6352
0.6122
0.4564
0.7057
0.4462
0.5757
0.6297
0.4456
0.6043
0.4863
0.4601
0.6212
05174
0.4402
0.7030
0.9891
0.5988
04419
0.4576
0.5089
0.8915
07133
07473
0.5410
0.5723
0.9999
0.4457
0.9319
0.5747
0.7613
0.6547
0.4970
0.7066
0.5142
0.7882
0.5494
0.5354
0.6305
0.5007
0.5863
0.5354
0.5466
0.5796
0.5487
0.5732
0.5445
09336
0.5424
0.9696
0.9836
0.4494
0.9978
0.9476
0.6623
0.5464
1.0000
00953
0.6638

1-Ethyl-3-methylbenzene 0.45
1-Ethyl-2-methylbenzene 0.17 1-Ethyl-3-methylbenzene 0.20

1-Ethyl-3-methylbenzene 0.32
1-Ethyl-2-methylbenzene 0.10
1-Ethyl-3-methylbenzene 0.23
1-Ethyl-2-methylbenzene 0.32 1-Ethyl-3-methylbenzene 0.24
1-Ethyl-3-methylbenzene 0.42
1-Ethyl-2-methylbenzene 0.11 1-Ethyl-3-methylbenzene 0.26
1-Ethyl-3-methylbenzene 0.27

1-Ethyl-2-methylbenzene 0.31
1-Ethyl-4-methylbenzene 0.46
1-Ethyl-4-methylbenzens 0.36

1-Ethyl-2-methylbenzene 0.13 1-Ethyl-4-methylbenzene 0.42
1-Ethyl-4-methylbenzene 0.27

1-Ethyl-2-methylbenzene 0,16 1-Ethyl-4-methylbenzene 0.40
1-Ethyl-3-methylbenzene 0.30
1-Ethyl-3-methylbenzene 0.16 1-Ethyl-4-methylbenzene 0.33

1-Ethyl-4-methylbenzene 0.21

1-Ethyl-3-methylbenzene 0.11 1-Ethyl-4-methylbenzene0.14
1-Ethyl-3-methylbenzene 0.23 1-Ethyl-4-methylbenzene 0.23
1-Ethyl-3-methylbenzene 0.18 1-Ethyl-4-methylbenzene 0.24

1-Ethyl-3-methylbenzene 0.39

1,3-Dimethylbenzene 0.42
1.3-Dimethylbenzene0.24
1.3-Dimethylbenzene (.34
1,3-Dimethylbenzene 0.49
1.3-Dimethylbenzene0.24

3-Dimethylbenzene 0.21
3-Dimethylbenzene 0.45
3-Dimethylbenzene 0.46
3
7

Dimethylbenzene 0.37

1
1
1
1
1,4-Dimethylbenzene 0.49

1.4-Dimethylbenzens 0.46
1.4-Dimethylbenzene0.44
1,2-Dimethylbenzene 0.16 1,4-Dimethylbenzene 0.29
1.4-Dimethylbenzene 0.40
1.4-Dimethylbenzene 0.43

1,4-Dimethylbenzene 0.15

1,3-Dimethylbenzene 0.27
1.4-Dimethylbenzene 0.20

1.3-Dimethylbenzene 0.26



w

TUPUI

DEPARTMENT OF CHEMISTRY
& CHEMICAL BIOLOGY

INDIANA UNIVERSITY-PURDUE UNIVERSITY

School of Science
Indianapolis

NATIONAL
INSTITUTE
of JUSTICE

This work was supported by National Institute of Justice(NIJ)
grant numbers 2017-R2-CX-0018 and 2018-R2-CX-001. The
views expressed here are not necessarily those of the NIJ.



