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Impure spectra contain signals from multiple analytes or signals
unrelated to the main analyte, due to propinquitous coelution that
confounds purely mathematical de-coelution. Some such spectra are
expected in complex sample analysis.

Impure spectra may impede manual or automated interpretation and
beget false assignments or other failures.

Chemical information within high-resolution spectra can assist

mathematical de-coelution and facilitate analyte identification.

Samples were prepared using conventional practices and analyzed by a
Pegasus® GC-HRT (see handout for details).

= Lake Ontario fish tissue
=  Municipal wastewater
= Nigerian crude oil

The wastewater sample was subsequently analyzed by Pegasus GC-HRT
4D to confirm results (details in handout).

Chromatographic feature finding was performed using commercially
available software (ChromaTOF-HRT® 1.81).

Peak tables were sent to chemical deconvolution software.

Deisotope:

= Assign 2+ and 1+ charge states

= Assign provisional formulas to monoisotopic signals

Assemble fragmentation graphs, constraining connections by:

= Chemically possible mass defect changes

= Rational RDBE, halogen count, and heteroatom count limits

= Other ad-hoc rules, such as forbid CH, loss

Analyze each fragmentation graph in the spectrum separately:

= Remove “orphans” (one-point, no-edge fragmentation graphs)
= Find best molecular ion or top fragment formula for each graph
» Library search each graph and compare to full spectrum search
Return results for each input spectrum:

= Elemental compositions of molecular ion(s) or top fragment(s)

= Merged library hits, filtered by minimum elemental composition

False signals rejected from 40 hand-selected impure spectra

= 40 spectra with total of 64 spurious signals at high m/z and intensity

= 55 of these 64 spurious signals were orphaned

= 5 of these 64 were joined to a separate minor fragmentation graph

= 4 of these 64 joined to the principal analyte’s fragmentation graph

Fish tissue example coelution

* Incurred tetraCl-diMeO-benzene under fish fat and siloxane peaks

= CD separated analyte’s fragmentation graph from matrix graphs

= Filtering library hits by formula yields only the one correct hit

Wastewater example coelution

= Full spectrum reflects only benzothiazole, overlooking other analytes

* CD reports 3 analytes and 1 matrix component within this peak

= |n GC-HRT 4D analysis, same 3 analytes separate in 2" dimension

Crude oil example coelution

= Coelution of 5 analytes sorted correctly

= CD generally finds chemically distinct analytes, as in the example

= CD generally fails for chemically similar analytes, as expected

CD returns the one correct hit after filtering by formula;

matrix (low m/z) + siloxane (high m/z) interference removed:

L) Merged Hit List

Selected Ret. Time, sec | 375,333

New Table (Cloned)

Results of Direct Library Search
SCore Mame Formula
398 1,2-Benpsothiazole-3-acetic acd, methyl ester  C10HINQ2S
375 Acetic aod, [4-(1, 1-dmethylethyl)phenoxy]-, met C13H1803
357 Pyrazolo[1,5-a]pyridine, 3, 7-dmethyl-2-phenyl-  C15H1M2
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329 2,4Cydohexadien-1-one, 3,5-bis(1, 1-dimethylet: C14H2202
321 1,40Dmethyl-1,4dhydro-2, 3-qunoxalinedithione  C10H 10M252
36 Methyl (5hydroxy-1H-benzimdazol-2-yjcarbamat CSHIN303
jl4 Benzene, 1,2,3,4tetrachioro-5,6-dmethoxy- CBHECIS02
313 Methanal, [4-(1, 1-dmethylethy(phenaxy]-, aceta C13H1503
313 2-Aminc-4,4,6,6-tetramethyl-4, 6-dihydro-thiena [ C11H1N205
07 7,8-0ihydro-2-methyl-6H-pyrazolo[3,4:4, Slpyrimi CSH10N40S
255 2-{2-Chioro-6-fluorophenyl)-4-{4-chioro-3-methyl C22H 16CI2FNS
754 H-Indale, 3-ethyl-2-(2-pyridyl)- C15H19M2
291 SH+Pyrida[ 1, 2-a]pyrimidine-3-carboxylic acd, 1,6, C1IH14N203
289 Acetamide, N-tricydo[4.3. 1. 1(3,8)Jundec-1-W-  C13HZIND
288 1,48enzenedol, 2,6-bis{1, 1-dmethyletyl)- Cl4H2202
258 2-Propencic acd, 3-(3,4-dmethoxyphenyl)-, meth C12H1404
287 Benzoic acd, 2-{+-chiorobenzoyloxy)-, phenyt estt C20H 130104
287 Z2-Propen-1-one, 3-{4-methylphenyl}-1-phenyl-  C16H140
287 Z2-Propen-1-one, 1-{4-methylphenyl}-3phenyl- C16H140
286 2<Chiorg- 1, 4-dimethoxynaphithalene C12H11002
285 Maphthalene, 1-chloro-2,6-dimethaxy- C12H11002
134 Benzamide, 4-ethyl-{4-chiorophenyl}- C15H 140M0
134 4, 5-Dimethoxy-2-athoxy-1-{2-propenyl)benzene  C13H 1803
284 S-Methyl-2-p-methoxyphenyliming-1,3-thiazolidne C11H 14205
283 8-Isopropyl-5-methyl-5,6, 7, 8-tetrahydro-2,4-guin C12H18N202
283 1-Isopropyl-3,3-bis{trifiuoromethyl)diazndine CaHaran2
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Theeno[2, 3-c}furan-3-carbonitrie, 2-amno-4,6-dih C1IH14N205
N-{2-{p-Acetylphenyl)- 1-phenylethyl)acetamide  C1BH19M02
1-Isobenmofurand, 1,3-dihydro-3,3-dimethyl-1-ph C16H1602
Terephthalic add, di(2-chlorophenyl) ester C2OH 120204
F-Benzof 1, 3] diowol-5-yl-3-{2-tert-butoxycarbonyk C21H30N20TS
Thiourea, N-{3-methoxyphenyl)-N'<(2-propeny)- C1IHI4N205
2, 4-Di-tert-butylthiophenol ClaH225

Acetaldehyde, azine with benzophenone C15H14M2
Benzenamine, 2, 3,4, 5-tetrachioro-6-methoxy- CAHECIND
Ethanone, 1-[4-(Z-phenylethenyphenyl] - CI6H140

T-Hydroxy-5-methoxy-2, 2-dimethyl-2, 3-dihydro—4 C12H1404
1,4-Benroxathin, 6-{1, 1-dimethyiethyl}-2, 3-dbhyd C13H15F305
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MNew Table (Cloned) (Deconv.)
Merged hits for deconv. spactra #201-205, Ret.Time =875.33 sac:

I Score = times
&00 1
662 2
614 2
572 2
552 2
544 i
542
540
206
306
506
505
435
483
481
478
K77
474
436
436
402
402

402

Name Formua
Benzene, 1,2,9,5-tetrachloro-3,6-dimethoxy-  CBHSCI402
2,4Cydohexadien-1-one, 3, 5-bis(1, 1-dmethylel C19H2202
Methanol, [4-(1, 1-dmethyiethyliphenoxy] -, acet C13H1803
1H-Indole, 3-ethyl-2-{2-pyridyl)- C15H14M2
Phthalic acd, di(3-chlorophenyl) ester C20H1C
2-Amino-4,4,5,6-tetramethyl-4,6-dihydro-thieno C11HI4N20
B-Isopropyl-5-methyl-5,6,7,6-tetrahydro-2,4-qu C12H18N20
2.4 H, 3H)Pyrimdinedione, 5-4odo-5-methyl-  CSH5IN202
Benzenaming, 2-nitro-N-{$-nitraphenyl)- C12H9M304
Benz{c]acridin-7{12+)-one, 11-methyl- CIBHI3ND
1, 2-Cydohexanedicarboxylic acd, di{2,5-dmethy C24H2804
1-{5-Methyl-4-oxo0-3,4-dhydropyrimidyl-2)-6-mel C12HIIS50
1. 4-Dimethyl-1, 4-dihydro-2, 3-quinoxalinedithione C10H 100825,
Phthalic acd, 2-chiorophenyl 3, 5-difluorophenyl ¢ C20H11CIF2
Acetamide, 2,2, 2-trifluoro-N-[ 1-methyl-4-[2-(4-r COH10F3INT
2,6-Dimethoxy-3-methyl-anthracene C1MH1602
1, 2-Benzisothiazole-3-acetc acid, methyl ester  C10HIMNO2S
1H-Pyrazole-3-carboxyic acd, $bromo-5-(1, 1di C10H 158Nz
4-Chioro-5-methyl-2-[trichloromethyi] quinazoline C10HGCIEMNZ
2-Methylthiophene-3, 4-disulfonyl chioride CoHaCI204s
Penta-2,4-dienenitrie, S-phenyl-2-{pyrrolidne-1- C16H 16N20
Mathyl 3<(2, 7-dmethoxy-1-naphthyilacylate  C16H1604
1, 2-Diethyl-5undecylipyrrolidine CIgH3IN ~
[
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Deconv. spectra containing CSH6CI402 in top-10 NIST hits:

T T HitScon Spec.#
800 202

M.I.Formula(Graph) M.W.,Da Name
C8H60 2014 273.911750 Benzense, 1,2,4,5-t=

6o0
400
200

0

-200

-400
-600
-00

-1,000

ke ;

104 200 300 400 500 600

— Unknown — Libranan

Decony. Spectrum vs Librarian Spectrum

g0 100 120 140 160 180 200 220 240 260 280

— Unknown — Librarian

:

CD distinguishes 3 molecular ions and 1 top fragment:

Five separate molecular ions found in coelution at = 969 s:

Cpectrum =140, Ret.tme 1244, 18 saC - -
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Holecular Ton Candidates: Filter By Fragment Losses of selected fragment:

N Formuda [ Mass, Da Error, mDa Score % of sticks M frag] ormula ™ Da Error, mDa Soore ROBE a || Loss Formula A Macs, Dia 4 RDEE Transiton Res
CAHSNOCIE 168.9741490 0. 130527 b. 479153 13961251 C7HSNOC2 188.974419 0. 130627 6479253 5.0 L EHNOC] CHaO IT.ITEL 5.5 QE->EE no
CilaHi4 182, 109000 -0.00 1858 6.672368 3. 2985651 18 CH4d 51000153 -1L.044253 0.669213 0.5 L4nCI2 CH50 39407 3 QE->EE no
CBHMGS 18100130 4. 09202 4. 300536 2096 g C3HHD 2703908 40.231202 398590 1.2 LN CEH3 -111.935694 0.3 OE->EE no
C1IH1502 175, 107280 0.623855 5.219132 7.297503 20 CEHS 77.039125 0.026580 0.934529 4.5 L2H002 CEH4 =110.9480345 0.5 DE->EE ]

3H 015650 0.09148 0.345 5.0 T2 LS -99.935654 0.3 QE->EC no
CH 61007325 0.016452 0.999643 5.3 €002 CEHSN 97.932620 QE->0E mo
C5 50,0000 003580 0.999957 6.0 LHZNO CEH302 -44.01339 QE->EE ng

Same analytes found in subsequent GC-HRT 4D analysis:

:2-ring naphthene C,,H;;

?-? Alkylnaphthalene C, H,,
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1st Time (s) 1237.73  1237.73 1237.73 1237.73 1237.73 1237.73 1237.73
2nd Time (s) 1.074 1.274 1.474 1.674 1.874 2.074 2.274
KIC(135.081+0.005) XKIC(182.109+0.005) —— XIC(181.001+0.005)
— XKIC(57.070+£0.005) — XKIC(172.956%0.005) XKIC(69.070£0.005)

Allyinaphthalene C;;Hys

Chemical deconvolution algorithms accurately reported independent
components of dead coelutions where such components belong to distinct
chemical classes.

Present algorithms fail to distinguish chemically similar analytes such as
branched and linear alkanes, thus chemical deconvolution is not a

substitute for GCxGC.

Chemical deconvolution algorithms accurately rejected more than 80% of
spurious signals from manually curated spectra found to be contaminated
with unrelated signals.





