Study 1: Comparison of 480 El Exactive GC Orbitrap Spectra to NIST Spectra

Approach:
» Used NIST search to compare Hit # and Match of El Spectra from Thermo Collection to NIST Main library collection of ~360 K spectra
» Used a subset of 480 of the 1766 spectra that represented a wide variety of compound classes

»  Match values were much lower than that of “standard” EI GC-MS found in NIST (see Histogram), average 786, range 270-937 out of 1000
» Rank in hits were very reasonable, (see Histogram), average 2.4, range 1-71 out of 100 best hits
» By far the majority of water artifact ions from C-trap noted for trimethylsilyl and t-butydimethylsilyl derivatives
» Only a very few water artifacts noted for other types of compounds
»  Match quality significantly reduced for many Orbi El spectra due to:

-absence of lower m/z ions (30-80 range) in Orbi spectra

-absence of molecular ions in Orbi found in quadrupole spectra

-relative intensity of ions in Orbi

-presence of fragment ions in Orbi not found in standard quadrupole spectra

-absence of fragment ions in Orbi found in quadrupole spectra

-presence of chemical noise above molecular ion cluster in Orbi spectra

Conclusions:

» Searching the NIST (~306K), Wiley (~719K), and Eastman Corporate database ( of ~54K) with Orbitrap will be useful approach

» Differences in intensities of low m/z ions, molecular ions, and fragment ions will be observed

» lons in FC43 calibration also affected by residual water in source

» Match quality will be lower, but in most cases, top hits will still contain correct compound

» Molecular weight data obtained from Cl Orbitrap data will be very useful for improving searches

» Accurate mass El combined with accurate mass Cl data will be extremely useful for the identification of unknowns not in libraries
» Orbitrap El spectra should be kept in separate NIST user databases preferably in accurate mass mode

» Orbitrap mass spectral databases should not be distributed to our internal customers who employ Agilent MSD GC-MS systems
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Histogram Comparing of El 480 Exactive El Orbitrap to NIST Spectra
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Average Hit#2.4
1-5 =443 of 480
6-10 = 17 of 480
11-20 =12 of 480
21-25 =7 of 480
71=10f 480
Total 480 spectra searched

Histogram Comparing of El 480 Exactive El Orbitrap to NIST Spectra
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Example: Very Low Intensity for Some Low m/z ions, e.g. m/z 73

»

Mame: Paracetamol, 2TMS
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1004 206.09343 Fomula: Cq4Ha5N025i2 |:
MW 295 BExact Mass: 295 142382 CASH: 5Rh30-61-5 |DH: 93 DB: orbi_themo F
A 30,1188 Cther OBs: Mone
M. _f . Contributor: Joshua J. Coon Group, University of Wisconsin-Madison
A4 et /@’ "B, Comment: Column Type="Semi-standard nonpolar, Theme-TG-851LMS" ColumnLength™3(
SLO ! Instrument type: GC_Orbitrap
4 Instrument: (_Exactive_GC_Orbitrap
7304682 116.05271 Sample inlet: GC
0 , P T VRS | PRIV N lonization: El
30 &0 S0 120 150 180 210 240 270 300 Spectrum type: insource 7
{orbi_themo) Paracetamol, 2TMS [in<ource] 1 m k
PlotText of Search Spectrum 4 Flt of Search Spectrum h Spec List [/
20609545
104 28011838
7304682 9105436 116.05271 13602957 16507306 . 23709871 |,. 235.14186
726 ;0 e |1 83§14 qjg 132140 143 163 180 192 | 220 2% 2 % | |
206 280 255
100+ i)
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0 20 30 40 50 60 70 B0 S0 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 2590 300 310
| Faracetamel, ZTMS I Head to [ail MF=/61 RMF=/&7 [ Paracetamol, ZTMS denvative
Difference b Head to Tail A Side by Side f, Subtraction 7 761 7T67TR 96.1P 1625R
Mame: Paracetamol, 2TMS dervative -

Formula: C14H25MN025i2
MW 295 BExact Mass: 255.142382 CASH: 5h530-61-5 NISTH: 79324 |DH: 47304 DB: mair
Ciher DBs: Mone
Contibutor: O 4 MAMER, MCGILL UNIVERSITY, MONTREL
InChikey: OJLUDGJEWITAQZ-UHFFFADYSA-N  Mon-sterso
10 largest peaks:
73999] 2065301 2804531 295428
116 1451 2811261 296115 207107
Synormyms:
1. Acetamide, N-frimethylsity-M-[4-[itrimethysibd joogy Jphenyd -
2 Phenol, 4-amino-N-acetyl-, bisftrimethylsikd}-
3 Trimethylsiblacetamide, N-{44rimethysiloophemd)-
4 NA{Trimethylsibd}-MN-{4-[irimethylsih ooy Iphemdlacetamide # -

1 | 1 P

75156
74 52

PlotText of Hit A Plot of Hit §




Example: Absence of Characteristic lons at m/z 132 and 145 for TMS Derivatives of Fatty Acids in Orbi Spectra

1004

Mame: Palmitic acid, 1TTMS

117.03661 Fomula: CgH4p025i

MW: 328 Bact Mass: 328.275757 CASH: 55520-85-3 |IDE: 96 DB: orbi_thermo
Ciher DBs: None

biﬂﬂw 55D Cortributor: Joshua J. Coon Group, University of Wiscaonsin-Madisan
" |;|j| . Comment : Calumn Type="5emistandard non-polar, Themo-TG-A5ILMS" ColumnLength 3

Instrument type: GC_Orbitrap
Instrument: G_Bactive_GC_Orbitrap

Sample inlet: GC

[ »

75.02606

0

. -y |.l .|J..I..|-.... ll.... .L..lu.l..... i, I.L..... NS M S T lonization: El
30 &0 90 120 150 180 A0 240 0 300 330 Spectrum tvpe: in-source

{orbi_therma) Palmitic acid, 1TTMS [in-source] 1 LI ¢
PlotText of Search Spectrum 4, Flot of Ssarch Spectrum Spec List

1004

117.03661
75.02606 125.03662 313.25562
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132

|||35I.q4aal | 14305225 17108348 21712514 24116168 269.19315 | 32727158
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[

Palmitic acid. TTMS I Headto Tail MF=/54 BEMF=/56 e Palmitic Acid, TM5 dervative

Difference h Head to Tail 4 Sie by Side j, Subtraction J 754 THER 75.2F 2060R

1004

-

MName: Palmitic Acid, TMS denivative

17 Formula: C19H40025i

73 MW: 328 Exact Mass: 328 279757 CASH: BBE20-85-3 NISTH: 333711 |D#: 105863 DB: m| -

s Other DBs: None I
I N3 Contributor: NIST Mass Spectrometry Data Certer
o InChlkey: HKMMNSWCACG FVIK-UHFFFAOYSA-M  Mon-sterso

132 10 largest peaks:

117959 73860 3136891 756700 132459

145 129 467 145315 433041 5525971 41207

Synormyms:

1 Hexadecanoic acid, timethylsityl ester

569 1273 2 Palmitic acid, timethylsihd ester

227 245 3 Trimethylsib palmitate #

30 60 90 120 150 180 210 240 270 300 330 4 Trimethylsiyl hexadecanoate =z

[ »

{mainlib) Palmitic Acid, TMS denvative 1 L 3
PlotText of Hit 4 Flot of Hit f




Example: Presence of m/z 101 lons for Methyl ester Derivatives of Fatty Acids in Orbi Spectra and Also Much
Larger M-29 ion in Orbi Spectra

Mame: Methyl heneicosanoate -
104 87.04406 Formula: CaaHa402 |a
- MW: 340 Exact Mass: 340334131 CASH: 6064-50-0 |D#; 128 DB: orbi_thermo
TABT0EG ] s, Cther DBs: None
0 23727863 Contributor: Themmo Fisher Scientific

Comment: PubChemCID="22434" Category="FAME"

54
241.21614 Instrument type: GC Orbitrap
Instrument : O Exactive GC Orbitrap
30.33347 | Sample inlet: GC
[jn lonization: El
40 a0 120 160 200 240 230 320 Spectrum type: in-source h
[orbi_themo) Methyl heneicosanoate [in-source] < | UL t
PlotiText of Search Spectrum /, Plot of Ssarch Spectrum b Spec List f
100 87.04406 e
1 101.05572 : 297 27869
5H 7403622 129.09057 19916916 24121674
] | J || || ’ 15? 12234 | | 22? Eﬂﬂ41 | | I 283.2|'5312 311. E|EI4EE 240 33347
- r || | ] '|||I I!l:. 'II.I Lottt ) i il L L ) |I|
I & | a7 111 12 | T T T A 241 285264 279 2§? 309 |
5 143 340
43 O
' 87
1004 4
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 T
10 20 30 40 50 60 70 80 S50 100 110 120 130 140 150 160 170 180 150 200 210 220 230 240 250 260 270 280 250 300 310 320 330 340 350
| Methyl heneicosanoate I Head to Tal MF=724 RMF=rZ7 [ Heneicosanoic acid, methyl ester

T24 T2TR 28.1P 2420RI

Difference h Head to Tail 4 Side by Side j,  Subtraction

*

MName: Heneicosanoic acid, methyl ester

100 4 Formula: CopHaa0o =
MW: 340 Bxact Mass: 340334131 CASH: 6064-50-0 MISTH: 333175 |D&: 48556 DB ma|r|J

Cther DBs: Fine, HODOC, EINECS

Contrbutor: MIST Mass Spectrometry Data Center

InChiKey: AJRICDSAJQHDSD-UHFFFADYSA-N  Mon-stereo

43
5H 10 largest peaks:
74995| B7768| 43459 55376] 57317
- 75290] 41252| 143231) 340193] 69190
o Synomyms:
40 8D 120 160 200 240 280 320 1|!“!E‘?.h5" heneicosanoate | -
4 ] ¥

{mainlib) Heneicosanoic acid, methyl ester
PlotiText of Hit #_Plot of Hit §




Example: Absence of Molecular lon in Orbi Spectrum

1004

188.9266

Jopiaa
Cl 139.12283

LiL bl e

Mame: Fenoxanil

Fomula: C{5H1gClzN202
MVV: 328 Exact Mass: 328.074533 CASH: 115852-48-7 |D&: 1515 DE: orbi_themo

) »

23310423 Cther DBs: Mone

0

(orbi_themao) Fenoxanil [n-snun::e]
PlotText of Search Spectrum #_ Flot of Ssarch Spectrum 5 Spec List §

W0 80 911 180 210 240

Instrument type: GC_Orbitrap
Instrument: G_Bxactive_GC_Orbitrap
Sample inlet: GC

lonization: El

Spectrum type: in-source
InChlKey: IUOKJNEOJSWRO-UHFFFADYSA-N  MNon-sterso

E?ID 3'II}I] 3&31] 10 largest peaks:

4|

1] | 3

188.9866
1m}_ 293.10483
o 8609636 13917283 ““ 96321
. IIII|54.-:]I.'I5:|384I - I o . || . “I"l' . In ||! 234??31 1 ;
| B 27 T, Be 835 g | 109 ‘|1 1{|52 176 1153 2187 SNy 249 258 287 27 | 4
B 36 1
] 139 293
1004 189
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10 20 30 40 50 &0 70 80 50 100 110 120 130 140 150 160 170 180 150 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340
| Fenowanil | Head to Tail MF=668 RMF=6&E | Fenaoxanil
668 663R 94 9P 2255RI

Difference h Head to Tail 4 Side by Side f, Subtraction f

1004

s

189

A0 &0 50 120 180 180 210 240

{mainlib} Fenoxanil

Name: Fenoxanil

Formula: C15H1gCIzNz02

MW 328 Exact Mass: 328.074533 CASH: 115852-48-7 NISTH: 374340 ID&: 153655 DB\
Cther DBs: None

Contributor: MIST Mass Spectrometry Data Center, 2010

InChlKey: [UOKJNEOJISWRO-UHFFFAQYSA-N  Mon-sterso

] »

10 largest peaks:
1895991 1916391 293 5651 1395551 12541

96 278 162259 140241 188150] 255150
Synomyms:

2?{' 3m 33{. Na SYMOMms. -

i | 3

PlotText of Hit 4 Plktof Hit £



Example: Absence of low m/z ions such as 30 limits Match Quality, Improve by Limiting m/z
range searched in NIST

Mame: Benzene, 1,4-dinitro- o
1004 75.02301 168.01666 Fomnula: CgHaN204 -
MW: 168 Exact Mass: 168.017107 CASH: 100-25-4 |D&: 1765 DE: orbi_thermo H
Oy COther DBs: None
Contributor: Themno Fisher Scientific
Bl Comment:
150.07954 Instrument type: GC Orbitrap
O:N'{_) 63.02233 Instrument: Exactive GC Orbitrap
| 97 04541 Sample inlet; GC
i i i N Ly i o A S lonization: El
20 40 &0 20 100 120 140 160 180 Spectrum type: in-source 7
jorbi_themma) Benzene, 1,4-dinitra- [in-source] 4 | m 4
PlotiText of Search Spectrum A Pt of Szarch Spectrum  h Spec List §
100 75,0230 16801655
iy £1.07799 150.02994
| N . 52.04341 107.01271 122.02370 133-':]'4233
| 12718 257532 94144 |53 e8I 82 8689 | 105 ' 138 152 '
50 64 92 122
| 50
100 il 75 .
10 20 30 40 50 60 70 30 90 00 110 120 130 140 150 160 170 180
[ Benzene, 1,4-dinitro- | Head to Tail MF=452 RMF=557 [w Benzene, 1, 4-dinitro-
", Difference ) Head to Tail f, Side by Side ), Subtraction j 492 55TR 34 3P 1417RI
210 Mame: Benzene, 1,4-dinitra- -
1004 163 Fomula: CgH4N204 K
75 MW 168 Exact Mass: 168.017107 CASH: 100-25-4 NISTH: 229145 |D#: 1611 DE: mainlib| =
':':N.‘:' Other DBs: Fine, TSCA, RTECS, EPA, HODOC, NIH, EINECS, IRDE
50 Contrbutor; Japan AIST/MIMC Database- Spectrum MS-NW-3757
5 @ InChlKey: FYFDQJRXFWGIBS-UHFFFACYSA-N  Nonsterso
92 172 10 largest peaks:
[} D;N;O 30999 16859201 7h5809] 76587] HO538
18 122305 522801 64227 741951 63145
ol 2 i o Jhogsfestes | 1@ 182 ) | Smomms
0 40 80 100 120 140 160 18p | 1:Benzene,pdinitro- 2
{mainlib) Benzene, 1.4-dinitro- 4 | LI | 4
PlotText of Hit /#_Flot of Hit




Thermo DSQ Showed Molecular lon at m/z 170

Name. 2_2018_391_180709161212#14068-14127 RT. 24522463 AV. 60 GB. 43 2447 , 24 68.24.76

s eim ¥

100 a7 MW N7A D2 125 DB: Text Fle
Comment: T: + ¢ Full ms [29.00-350.00]
Spectrum type: accurate m/z
10 largest peaks:
57 999.0001 71 €04.0001 43 500001 85 375001 41 196.00
56 163.001 70 1430001 55 14000] B4 23001 98 75.00
7 Synoryms:
no SyMoMyms.
50 4 ?
a5
41
58
a3y oww m
0 20 30 40 5 60 V0 B0 90 W00 M0 120 130 140 150 160 170 18D
(Text File) 2_2018_351_18070916121 241406814127 RT: 24.52-24 63 AV: 60 5B: 43 2447 24 68-2476 [in-source]
PlotText of Search § Flot of Search Spectrum §, Spec List §
57
1004
3 7
3H 85
41 56 70
29 39| ke so []]ss N N 109 112 127 140 151 168
15 T I T 50 T ] T 77 HT B 1 H I T
2'9 A }42 535|5| 52 il a4 98 12 127
54 a1 a5
7
43
1004
57
10 20 an 40 50 &0 70 20 1] 100 110 120 130 140 150 160
[a7 208 _357_ 10070516 12128 A0 T4T27 RT- 24502463 AV B0 SE: 43 2447 ] Head ta Tail MF=540 RMF=840 hd Dodecane
Head to Tail / Sie by Ske )\, Subtraction 540
57 Name: Dodecane
1004 Formula: C12H2¢
MW: 170 Exact Mass: 170.203451 CASHE: 112-40-3 NISTH: 291499 ID&: 26119 DB: mainlib
Cther DBs: Fine, TSCA, RTECS, EPA, HODOC, NIH, EINECS, IRDB
\\M/W\\ Contributor: NIST Mass Spectrometry Data Center, 1538.
43 InChlKey: SNRUBQQJIBEYMU-UHFFFADYSA-N MNon-sterso
10 largest peaks:
579991 436831 715361 413801 85329
n 55187 561761 291371 701241 42107
5 Synoryms:
41 1.n-Dodecane
a5 2.Adakane 12
3.Ba 51050453
- 4CH3CHZ10CH3
2 5 Bihexyl
2?‘ | H | 98 112 141 170 ? g:zl‘glcane
R OO O AT O Y A gk | BNSC 8714
0 20 30 40 5 6 V0 B 50 100 10 120 140 150 160 170 180
(mainlib) Dodecane Ell LU}



Orbitrap Showed Molecular Very Small lon at m/z 170

Name: OrbiGC_2018_12442642.2658 RT: 13431351 AV- 17 58: 50 13.37-1345 . 13521366
100 43 MW N/A D 127 DB: Text File
41 Comment: T: FTMS +p El Full ms [30.0000-550.0000]
Spectrum type: accurate m/z
10 largest peaks:
43 955001 41 527001 57 2780001 71 253001 239
85 160.001 42 111001 70 83001 &5 81001 55
Synormyms:
no symonyms.
50 ?
57 71
39 a5
551 23 .
i 3.2 ||I 50 ||. I||.?E ||I. a1 5II‘: 110 126 140
T 20 30 40 50 60 70 80 90 100 190 120 130 140 150 160 170 180
(Text File) OrbiGC_2018_124#2642-2658 RT: 13.43-13.51 AV: 17 SB: 50 13.37-13.45 , 13.52-13.66 [in-source]
FlotText of Search Spectrum /i Flot of Search Spectrum by Spec List §
100 ar®?
54
57 71
3 |, . ! 85
3032 34 36 38 f{iie:s 50 537, |58 EEE’El’l 72 7678 %3 s 91 959799 110 113 126 40
2s|zs B0 33 37 | || |ae 50 53 | [[s2 5 % g‘4|ss 55 113 127 170
39 |l 55 70
27 85
50 2 .
41 !
100 1 57
20 30 40 50 &0 70 20 50 100 10 120 130 140 150 160 170 180
[aOmiGC_2018_12452682-7658 R1. 13.43-13.51 AV. 17 5B o0 13.3/-13.45 135 Head to Tail MF=7/44 RMF=/%. hd DODECANE
i Difference )\Head to Tail -'i Side by Side }\ Subtraction .-'( T44 TEZR 32.TP
Name: DODECANE -
1004 43 57 Formula: C12H2¢
! MW: 170 Exact Mass: 170.203451 CASH: 112-40-3 |D&: 75854 DB: wr10
Other DBs: None £
Commert: Spectrum|D: 1167566; Source: HE-1382-0-0; QI: 1000
\/W\/\/\ 10 largest peaks:
57935| 415481 T71466] 291358
27245| 852261 561861 551831 42159
41 Synomyms:
54 nl 1T.ACETIC ACID 3-HYDROXY-7-ISOPROPENYL-1.4A-DIMETHYL-2,3 4,4A.5,6,7 8- 0CTAHYDRO-NAP
2 ADAKANE 12
23 3BIHEXYL
- 4 CH3CH210CH3
27 85 5. DIHEXYL
6.DODECAN
‘ % 7 DUODECANE
7 7 8.150D0ODECANE
ol 22 |! Ll ||' e .1'1'3 A e 9.N-DODECAN
20 30 40 50 60 70 20 5% 100 110 120 130 140 150 160 170 180 | 10.N-DODECANE i
{wr10) DODECANE A L] s
PlntTaxt of Hit 4 Flotof Hit & CeHe o
53.03857 65(:'0::359 95.08552
Cats oLEs) C7H1
126.14033
104.02573 CoHis
45.22200 91.05424 i
CrHr e 12110134 | 4120 06060
49 36021 109 10114 CsHia CioHs 140.15597
CsH CrwH
63.02203 3\13 115.05428 13511677 ) 152 90523 159.11679 17020297
L J CsHs ‘ ‘ CaH7 CroHis \I CzHOSis CrzHis CizHze
40 50 60 70 80 90 100 110 120 130 140 150 160 170



FC43 Calibrant: Ratio of m/z 219 to 197 on Exactive GCMS at Eastman (top) Compared to Literature Reference (bottom)

'+ Instrument Status

o e U
Resoluti 60,000 @ | ( T e [v] Peripheral Devices
eso.utlon m@“@]@}a Q\{%‘l&‘%m:\f?o 6
Polarity Positive [v] (=1 Wacuurn Systern
Scan:#17881 ps: 1 IT: 210 ML: 3.52E8 Q Status Ok - HY enabled
Microscans 1 Type: FTMS + p El Full ms [50.0000-550.0000]
T, off Iv] Pressure Contraol standard pressure
AGC target 1e6 100 130.682 & Fore Wacuum 4.47e-02 mbar
Maximum inject time | 200 High Vacuum Turned off
I~] Ultra High Wacuum 3.64e-10 mbar
| Apply || Hep Lot £ 80 4 Source TMP Speed 100%
= g UKW TMP Speed 100%
EL/CI source E 60 A & = ENCI Source Board
= - " g GE.005 [~] Power supplies
transfer line temp. (°C) | 300 300 o Q e
lon source temp. (°C) 250 250 .g an
Filament On E
[T
Calibration gas L\} El e 263.087
lonization mode El 20 A
Cl gas flow (mL/min) 0.00 0.00 09091 131 995 196083 175.883
T ges o None onlaer113.998 o] 218985 413877
i il [ \ LT . A A . . | E1/CI Source Board
Cl gas type MNane
100 200 300 400
2.3 Figure S3
131
219 Table 52. Mass accuracy and elemental conmposition for
additional FC-43 fragment ions from Figure 2.
264
o FC-43 Fragment m/z (Th) Mass error (ppm)
CF 63.99455 -0.14 5 | M ol
upplemental Materia
1?‘)' 1697 T— 4i4 164 572 - E’ET :2:2:;2 ]_;!2 Development of a GC/Quadrupole-Orbitrap
| :| TYRTTE UK v g L ’ - mass spectrometer, Part |: Design and
c’F‘+ TS i characterization
:::JIEE 14998996 059 ] Coon et. al
1 TEECE s dx.doi.org/10.1021/ac5014767 | Anal. Chem.
G s ol 2014, 86, 10036-10043
R 218.96452 o
Experimental CFyN* 31398380 137
NIST Reference CF. N 363.98047 08z
100 200 300 m/z400 500 600 GFuN SRRyl b
CF N 61306429 015

Figure S3. Comparison of the GC/Q-Orbitrap (black) and NIST (red) FC-43 calibrant spectra. The NIST spectrum
was collected by a single-quadrupole instrument in which water reactions (and thus the production of mv/z 197) are
negligible.
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