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Overview:

Objectives:

 Use multivariate analysis, automated spectral peak
identification to improve analysis of non-ideal data sets

 Bundle analysis tools into a user-friendly Graphical User
Interface (GUI) for distribution

Introduction:

Peak identification for GC-MS data sets in materials aging studies is
often difficult due to both non-ideal data collection conditions and
the challenges of dealing with large data sets.

Non-ideal data collection conditions:

Sandla e Retention shifts
Natlonal . . D?rty Column
laboratones . Different Instruments

Collected over several years

Non-ideal data sets mean:

* Increased expertise level needed for peak identification
Excep rion dl  Decreased confidence in chemical identifications

Data overload:

service  Typical Data sets =7500 times X 350 masses X 50 samples =
131,250,000 elements

* Assume each sample has 100 species and 1 minute per
identification

 ~3hours per data set (including “copy-and-paste” work), 2 sets
per day maximum

 Total parsing time is 100 days or 5 months of work

Methods:

Multivariate Analysis:

e Factors full rank data matrix into outer product
of individual elution profiles and mass spectra
using a least squares algorithm
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Data Analysis GUI:

* Packages multivariate tools into accessible
format for use by non-experts

Counts
Counts

GUI Workflow:
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Read and prepare
multiple data sets in
Matlab workspace

Estimate number of
3 chemical spec.les and
factor usin

Identify chemically all
factored mass spectra
and parse chemical

Output data as useful
—_— graphs and tables

User-friendly GUI Features:

e Search species by name or mass

e Data statistics tooltip

 Save tables and figures

 Data set comparisons through clustering

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed f
Martin Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. :
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Results:

Processing Large Number of Data Sets:

. Five data sets processed in less than 5 minutes
e  ~15 hours of work using AMDIS

4] ﬁgumé: Examine Factor Data E[@@
File Edit View Insert Tools Desktop Window Help L]
DEdde || R 0DEL-2|0E | 0D
01-3 MIX_RAMP1_01.mit | 02-3 MIX_RAMPL_01A.mit | 03-3 MD(_RAMPl_UZ.mttI 04-3 MEX_RAMPL 03.rmlt | 05-3 ML.. _J__b
Visible MName CAS Probability Cosine Correlation | Peak Area |
@ 1,3-Propanediol 04-53-2 236200 943 78 1.7454e+08 -
12 &l Wethylene chioride 5082 98.2800 918 914 5.0615e+08 |
@ 2,5-Furandione, dihydro-3-methyl- 100-80-5 506400 803 T03 7.3852e+07
[ Heptasiloxane, 1,1,3,3,5,5,7,7,9,9,11. . 9095-23-9 34 693 599 319622408
1 & Wethane, bromochioro- 4-57-5 58.8100 538 891 3.0206e+06
[ Trichloroethylene 5-018 88.2100 529 914 4.6255e+06
& Ethylene, 1,2-dichloro-, (Z}- 56-59-2 323800 803 832 8.6429e+06
— 08 - & Wethane, bromodichioro- 5-27-4 52 6800 892 876 1114607 (o
fn [ 1-Propene, 1,1-dichloro- 83-58-8 63,5400 &7 a1 500046406 | |
% [ Heptane 42825 76.1200 817 8915 1.56268+07
g._J 0.6 - @ Propane, 2 2-dimathoxy- 7-76-9 86.1300 793 793 2.6695e+08
= & Pentane, 2 4-dimethyl- 08-08-7 375800 B840 782 27864e+07
o 7l Ethane, 1,1,1-trichloro- 1-55-8 §95.1200 945 923 4.7793e+06
K 0.4 — 7l Propane, 1,1-dichioro- 8959 708000 774 785 7.0698e+06
& Carbon Tetrachloride 6-23-5 77.2800 857 671 B.4159e+06 '—
il Methane, dibromo- 4-85-3 5B.8900 883 922 3.1836e+08
02+ - @ Propane, 1 2-dichloro- 2-87-5 36.3700 511 505 B8.0171e+06
[&] Ethane, 1,1-dichioro- 5-34-3 50.3200 a0% 200 4.3475e+06
& Acetone 7841 B69.7200 824 824 3.4123e+08
0 & o-Xylene 5478 30.2100 942 942 5.8038e+07
400 @7 Toluene 13-883 745100 955 954 3.50868+07
Daltons & 2-Pentanone, 4-hydroxy-4-methyl- 23422 817800 850 73 2 8E78e+08
| Tetrachloroethylene 27-18-4 953700 860 a4 5.5812e+06
il Pyridine 10-86-1 755400 887 T2 6.4240e+06
=] 3-Penten-Z-one, 4-methyl- 41-79-7 66,6000 918 5 5.5340c+06
Octane 11-85-8 437700 811 856 89112e+06
& Ethane, 1,1,1,2-tetrachloro- 30-20-8 578700 944 935 5.3523e+06
<108 Elution Profiles ] Propane, 1,3-dichioro- 42289 79,5200 930 815 4.5457e+06
12 T T T T T T T T 7] Ethane, 1,1,2-trichioro- B-00-5 96.4500 958 =37 4.5215e+06
Methane, dibromochlore- 244341 98.9500 9T 408 3.05562+06
& Ethane, 1,1-dibromo- 57-81-5 50,4600 812 838 2.3401e+08
10 - bil [ Benzene, chioro- 08-80-7 58,4200 965 8958 B.8550e+06
g Benzene, propy- 03-65-1 T7.5100 939 939 2.275%9e+07
Methane, tribromo- 5-25-2 829100 534 520 2.8133e+06
8 7 = Benzene, bromo- 08-86-1 581200 572 867 6.0508e+06
(] Benzene, (1-methylethyl}- B-82-8 51.9200 504 503 1.2992e+07
% & Styrene 00-42-5 B8.4700 8953 D44 5.1940e+06
2 B 7 Ethane, 1,1,2,2-tetrachioro- 9345 985000 533 825 4,7909e+06
Q E Propane, 1,2, 3-trichloro- 5-18-4 50.8500 969 g42 5.0673e+08
[&] Mesitylene 08-67-8 40,1000 871 867 4 B424e+06
4 il = p-Xylene 06-42-3 36,5600 oeg 945 906482406
Benzene, 1-chioro-4-methyl 06-43-4 36 943 S42 1.5303e+07
| v Ethane, 1-bromo-2-chloro- 07-04-0 28.3000 540 825 2.1571e+06
2 ‘ b2 2 e R an1 7 22 7200 ata con 7 nna7ains
0 ¥l AR Hlllu'|JI- lJ.JIL ;Llﬁlhi‘lll l_l.l_l.l_..l.l- I |ll M\W (=] Select .., z
] 5 10 15 20 25 30 35 40 45 | Searcdi. ' Sortby .. =
Time (minutes) |7 F————— =
Save Plots Save All Plots Fitter =
‘ Compare Data Sets ‘ ‘ Close ‘

Processing Non-ldeal Data Sets:

 Two data sets with ~5 minute oven ramp time difference
e Parsed without parameter adjustment

4| Figure 13: Examine Factor Data @@
File Edit View Insert Tools Desktop Window Help El
DEEdS (R RROPDELA- S| 0EH O
05-3 MIX_RAMP1_04.mit | 06-3 MIX_RAMP2.01A.mit
Name CAS Probability Cosine Correlation | Peak Area Retention
Mass Spectra |Levuinic acid 23762 37.4500 975 Pz 24130e+08 35182
12 - , Acetone 7-84-1 54.8500 739 738 29270e+08 35182
Methane, bromodichloro- 5-27-4 89 842 826 1.2408e+07 36769
Methylene chioride 5-09-2 98.3000 919 915 49545e+08 36852
1k Ethane, 1,1-dichloro- 5.34-3 88.9500 873 787 48579e+06  3.9733
Ethylene, 1,2-dichioro-, (Z)- 56-59-2 37.6800 904 853 7.8611e+06  4.1904
Propane, 2-brome-1-chiloro- 017-956 75.1600 &08 775 5.2086e+06 4.2572
- 08 Ethane, 1,1-dichloro-1-nitro- 94-72.9 73.6000 904 868 4.3871e+06  4.5871
:51 Propane, 2,2-dimethoxy- 7-76-9 91.0200 309 807 2.3356e+08 48497
% Pentane, 2 4-dimethyl- 08-08-7 24.0400 830 ™™ 2.8325e+07 46497
g 0.6 1-Propene, 1,1-dichloro- 63-58-6 67.2300 752 738 7.4142e+06 46938
® Benzene 1-43-2 62.8000 889 869 6.6552e+06 4.7875
E Carbon Tetrachloride 6-23-5 85.0800 903 842 46156e+06  4.8000
0.4 Heptane 42825 =] 893 884 1.2387e+07 52885
Trichloroethylene 9-01-6 75 895 840 6.1275e+06  5.3286
Methane, dibromo- 4953 99 956 912 33793e+06 54221
0.2 Pyridine 10-86-1 72.7100 936 719 4.7141e+06  6.4451
Propane, 1,2-dichioro- 8-87-5 81.5800 805 781 2.0876e+06 66455
i &8 e gt 8 i Toluene 08-88-3 73.6900 943 942 3.4725e+07 66497
0 e ~ Al : : Ethane, 1,1,2-trichloro- 9-00-5 96.0100 851 934 415706406  6.8877
0 50 100 150 200 250 300 350 400 Ipropane, 1,3-dichioro- 42289 74,8400 915 902 39236406  7.0923
Daltons 1-Butene, 2,3, 2 trimethyl 94569 11.4900 2 747 106746407 73553
Methane, dibromochioro- 24-481 98 895 874 3.2060e+06  7.4931
Tetrachioroethylene 27-18-4 96 959 941 55149e+06 7.5683
Ethane, 1,2-dibromo- 06-93-4 53.6700 914 874 2.3082e+06  7.7394
2-Pentanone, 4-hydroxy-4-methyl- 23-42-2 82 870 778 3.428%e+06 85244
Benzene, chioro- 08-90-7 98 960 950 7.0703e+06 86747
108 Elution Profiles Ethane, 1,1,1,2-tetrachloro- 30-20-6 98 927 Nn7 5.3446e+06  8.8501
12 T T T T Ethylbenzene 00-41-4 59.3500 925 923 6.7728e+06  9.0672
Ethane, 1,1-dibromo- 57-91-5 52.4400 930 910 9.8938e+04 93553
o-Xylene 5476 31.6800 940 940 6.0451e+07 93578
10 . Styrene 00-42-5 67.2100 944 935 6.0437e+06  9.9691
Methane, tribromo- 5-25-2 93.5700 938 922 28762e+06  10.0192
Ethane, 1,1,2,2-tetrachioro- 9-34-5 98 941 930 4.8981e+06 10.8292
81 7 Benzene, (1-methylethyl)- 8-82-8 52.0800 904 903 1.0297e+07  10.9335
Propane, 1,2 3-trichioro- 6-18-4 91 959 931 6.1952e+06  11.0254
'3 Benzene, bromo- 08-86-1 98 950 944 5.9788e+06  11.2049
a8 Octane 11-65-9 21.2800 816 77 31895e+05  11.2801
© Benzene, propyk- 03-65-1 82.7700 944 943 224446407  11.8888
Benzene, 1-chioro-4-methyl- 06-43-4 36.5100 931 927 1.4829e+07  12.0358
ar Phenol 08-95-2 77.4100 961 956 4.4629e+06  12.5494
Aniline 2533 66.0500 904 768 17570e+06 12,5995
Bis(2-chioroethyl) ether 11-44-4 92.3700 939 303 35727e+06 128709
2t } } T n: nnnnnnnnnnnnnnnnnnnn Dr‘x: onT 4 €272%aaN8 12 0878 c s
0 \‘l L (IR -LA;JLJUA&JJLLJJ.LM [ Save Table Esau MTamQ‘ [ | Seleet.- T
0 5 10 15 20 25 30 35 40 45 & | | ——— Sortby. _
Time (minutes) l—\i =
| Save Plots | Save All Piots } Fitter ... “7
‘ Compare Data Sets ‘ ‘ Close ‘

Accuracy of Species Identification:

 GUI species identifications compared with human expert
analysis

* |dentifications that agree are highlighted in green

Name Prob Cosine Correlation Counts RetentionTime

N-Nitrosodimethylamine 91.98 675 938 2.59E+06 6.17
Pyridine 62.86 722 914 5.10E+06 6.44
3-Penten-2-one, 4-methyl- 67.47 915 926 6.58E+06 7.36
2-Pentanone, 4-hydroxy-4-methyl- 87.07 831 887 3.39E+06 8.53
Phenol 72.98 883 901 5.13E+06 12.57
Bis(2-chloroethyl) ether 91.06 914 943 4.12E+06 12.88
Phenol, 2-chloro- 67.92 913 924 5.02E+06 12.99
Benzene, 1,3-dichloro- 34.97 952 954 1.33E+07 13.80
Benzene, 1,3-dichloro- 35.01 895 931 7.76E+06 14.30
Bis(2-chloroisopropyl) ether 50.93 855 891 4.95E+06 14.78
1-Propanamine, N-nitroso-N-propyl- 96.98 875 947 3.75E+06 15.19
Phenol, 3-methyl- 40.33 952 954 1.97E+07 15.23
Ethane, hexachloro- 98.93 904 913 5.70E+06 15.38
Benzene, nitro- 96.96 906 916 4.27E+06 15.63
Methanamine, N-(1-phenylethylidene)- 55.31 714 748 1.69E+06 16.04
Isophorone 88.37 919 924 4.51E+06 16.41
Phenol, 2-nitro- 88.12 894 921 3.21E+06 16.58
Phenol, 2,4-dimethyl- 29.16 937 942 6.35E+06 16.81
Methane, bis(2-chloroethoxy)- 90.64 928 957 4.22E+06 17.07
Phenol, 2,4-dichloro- 42.63 924 936 5.44E+06 17.27
Benzene, 1,3,5-trichloro- 43.86 951 953 7.59E+06 17.47
Naphthalene 59.5 957 960 8.84E+06 17.65
p-Chloroaniline 43.89 873 914 2.41E+06 17.87
1,3-Butadiene, 1,1,2,3,4,4-hexachloro- 95.04 647 801 3.46E+05 18.00
1,3-Butadiene, 1,1,2,3,4,4-hexachloro- 98.72 926 929 7.49E+06 18.02
Phenol, 4-chloro-3-methyl- 50.1 916 932 5.33E+06 19.15
4-Chloroaniline, N-isopropylidene 83.44 746 790 2.53E+06 19.35
Naphthalene, 2-methyl- 48.1 941 942 1.88E+07 19.40
3-Methylbenzothiophene 42.83 625 827 1.30E+06 19.59
Hexachlorocyclopentadiene 97.64 894 900 3.03E+06 19.78
Phenol, 2,4,5-trichloro- 31.6 914 919 1.14E+07 20.09
Naphthalene, 2-chloro- 62.36 961 970 9.21E+06 20.51
o-Nitroaniline 45.04 864 911 6.38E+06 20.77
Quinoline, 1,2-dihydro-2,2,4-trimethyl- 54.24 690 831 8.22E+05 21.18
Dimethyl phthalate 86.77 962 969 7.14E+06 21.20
Benzene, 1,3-dinitro- 71.04 864 910 6.43E+06 21.24
Benzene, 2-methyl-1,3-dinitro- 91.49 887 915 5.15E+06 21.31
Acenaphthylene 61.1 913 965 1.11E+07 21.41
Acenaphthene 78.39 956 960 1.07E+07 21.78
Phenol, 4-nitro- 60.41 664 858 3.67E+06 22.10
Dibenzofuran 87.87 816 845 1.32E+07 22.14
Phenol, 2,3,4,6-tetrachloro- 57.18 916 929 1.18E+07 22.42
Diethyl Phthalate 84.96 947 953 7.47E+06 22.66
Fluorene 76.16 910 912 1.14E+07 22.85
Benzene, 1-chloro-4-phenoxy- 85.36 929 958 8.48E+06 22.87
p-Nitroaniline 71.88 837 909 3.86E+06 22.93
Diphenylamine 69.05 944 953 9.42E+06 23.11
Azobenzene 92.21 935 948 7.89E+06 23.19
Benzene, 1-bromo-4-phenoxy- 98.1 917 931 7.60E+06 23.86
Benzene, hexachloro- 75.78 932 938 9.58E+06 23.95
Phenol, pentachloro- 78.78 671 837 5.37E+06 24.47
Anthracene 42.44 954 958 2.36E+07 24.78
Carbazole 64.63 942 960 1.06E+07 25.22
Dibutyl phthalate 45.05 921 952 8.36E+06 25.92
Pyrene 51.09 923 947 2.80E+07 27.22
Benzyl butyl phthalate 90.59 816 901 8.66E+06 29.52
Hexanedioic acid, bis(2-ethylhexyl) ester 64.64 763 911 8.60E+06 29.80
[1,1'-Biphenyl]-4,4'-diamine, 3,3'-dichloro- 91.77 773 866 7.88E+06 31.22
Benz[a]anthracene 50.91 923 977 3.44E+07 31.37
Bis(2-ethylhexyl) phthalate 37.98 728 876 1.06E+07 31.53
Di-n-octyl phthalate 26.7 705 855 1.20E+07 34.28
Benzo[k]fluoranthene 26.53 888 965 4.26E+07 35.58
Benzo[k]fluoranthene 26.73 851 964 2.33E+07 36.69
Dibenz[a,jlacridine 68.19 677 863 3.05E+07 40.50
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