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GC/MS and GCxGC/MS Qualitative Analysis Workflow

* GC/MS
* GCxGC/MS

« Sample prep.
* Pre-treatment:
HS, TD, Py...

-

|' | l M 1
E‘ g oY LM”"

JL*JM  ;
D HS-SPME 1D-GC 2D-GC
Introduction Separation
of a sample for compounds

 Data Processing:

Volcano plot, PCA

44444

Volcano plot

Extraction

for specific compounds

 Qualitative Analysis:
El spectral DB search

The NIST Mass Spectral Search Program for
the NIST/EPA/NIH Mass Spectral Library

|dentification

of specific compounds

If a specific compound found after all the experiments is not listed in
the commercially available EI mass spectral DB, how do you identify it?

Solutions for Innovation «JEDLD



Challenges in GC/MS and GCxGC/MS Qualitative Analysis B0

How to identify the unknown compounds _ - 3&?? 2

which is not registered in the database supervised NIST? ~

® E| mass spectrum database (DB) supervised by NIST —

® The latest DB contains 347,100 compounds .14

® More than 100 million compounds in PubChem

® Almost all compounds are not listed in the DB

® Only 0.3% of all compounds registered in DB

® In many cases, they become unknown compounds

® Need time and knowledgeable for structure analysis

[Source]
The NIST Mass Spectral Search Program for the NIST/EPA/NIH Mass Spectral Library

JEOL propose an automatic structure analysis solution
using the latest Al technology for real unknown compounds!

Solutions for Innovation dEDLo




Our Goal: Automatic Structure Analysis Solution a2

Unknown Compounds
cannot be identified by NIST DB

Enormous amount of chemicals
in the world!

® The latest DB contains 347,100 compounds

® More than 100 million compounds in
PubChem

® Almost all compounds are not listed in the
DB

Composition Formula

Low-Res. mass spectrum
Merged ion peak:
CeF1q" +
C,H,,0,Si,*

280 281 282 283

High-Res. mass spectrum

CeFri™ || CH10,S0,7

280 281 282 283

Only High-Resolution
GC-TOFMS can be used to

obtain composition formulas

I

Molecular Formula

El mass spectrum

105 149

Soft ionization
- mass spectrum

314

L
T T
250 300

50 100 150 200
mz

Soft ionization is necessary
for determining the correct
molecular formula

Structural Formula

By yourself manually

By software automatically

JEOL software
automatically performs
difficult structural analysis

Solutions for Innovation cJEDLo




Our Goal: Automatic Structure Analysis Solution

A

;Anniversar\y

Unknown Compounds
cannot be identified by NIST DB

Enormous amount of chemicals
in the world!

® The latest DB contains 347,100 compounds

® More than 100 million compounds in
PubChem

® Almost all compounds are not listed in the
DB

Composition Formula

by accurate mass analysis

GC-TOFMS

©® Mass resolving power: 30,000 @ m/z 614

©® Mass accuracy: Tppm (El, internal
calibration)

© Composition formula for all ionizations

Molecular Formula

by soft ionization

El/Pl comb. ion source

© Electron lonization (El), Chemical
lonization (Cl), Photo-lonization (PI),
and Field lonization (FI) for GC-MS

© Two combination ion sources:
El/FI and EI/PI
© Direct MS probe:
DEP, DIP and Field Desorption (FD)

msFineAnalysis Al
(Qualitative software)

Automated Structural Analysis Software
Al structure analysis function

Two data (El and Soft lonization)
handling

Deconvolution peak detection,
Retention Index, Differential Analysis
and so on

Solutions for Innovation dEDLo '
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Integrated Qualitative Analysis: Determine for the Molecular Formula P! ;59“

‘Anniversary
4 No— —

El data [ Soft ionization data
Chromatographic peak detection and association )
between El and Soft ionization data )

NIST library DB search (A) Molecular ion analysis (B)
 Match factor elemental ||, Nolecular ion search
conditions
» Retention index » Accurate mass analysis
* Molecular ion confirmation * |sotope pattern matching
N J

El fragment ion analysis

Narrow down the molecular
* Accurate mass analysis using formula candidate using El

molecular formula candidates fragment ion composition
. X formula coverage.
information (A) and (B)

Integrated Qualitative Analysis Results

* Identification result or Evidence of unknown compound

* Molecular formula information

» Sub-structure information

*k M. Ubukata et al, Rapid Commun Mass Spectrom., 34 (2020). DOI: 10.1002/rcm.8820



Integrated Qualitative Analysis: Determine for the Molecular Formula »753
J //rr—\,,,
El data [ Soft lonization data
Chromatographic peak detection and association )
between El and Soft ionization data )
| ( | : |
NIST library DB search (A) . Molecular ion analysis (B) s [s],‘ B
- Match factor ifnrzi?;ig  Molecular ion search g .
» Retention index » Accurate mass analysis h o
* Molecular ion confirmation * Isotope pattern matching
I - o GC-TOFMS El/Pl comb. ion source
El fragment Je anaIYSIS Narrow down the molecular ® GC‘H RMS System and SOft ionization
* Accurate mass analysis using formula candidate using El .
molecular formula candidates fragment ion compasition techniques are necessary
. X ormula coverage.
information (A) and (B)

Integrated Qualitative Analysis Results

* Identification result or Evidence of unknown compound

Next step is elucidation for the
structure formula of unknown
compounds using Al technology!

Solutions for Innovation dEDLo n
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e Sub-structure information
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Al Structure Analysis: Elucidation for the Structure Formula o

N T

® JEOL uses a combination of Deep Iearning and Machine Iearning

for unknown compounds analysis

- Al Library -Predicted El Mass Spectral DB- N — Substructure Analysis —
~—— Mass Spectral Prediction N Retention Index Prediction —— Substructure Prediction
Predicted El mass spec. Measured El mass
%o\ N spectrum by GC-TOFMS
AN Nl O
/ » / » » RI » Al » o
million eura million El mass million eura %
1szt(:uctllJlres nNetworlk 152|c§)ectrleil da'IcE;base 1szt(:uctllJlres n':tworlk Regression jOH
® Neural network ® Neural network ® Regression
® Complex predictions can be done ® Predicts Rl value from structures ® Limited prediction due to
® Predicts mass spectrum from ® All structural formulas in the Al Slmple way
structural formula library are assigned a predicted Rl ® Prediction of substructures
® 130 million predicted El mass ® Used to narrow down candidate from measured mass spectra
spectra structural formulas ® 48 substructures can be
\_ J U /) L predicted

\_ B
Solutions for Innovation dEDLo




Al Library: Elucidation for the Structure Formula Bo%

® An Al model was developed to predict El mass spectra and Rl from chemical structures using deep learning.

® The Al model was then used to create 130 million El mass spectral database for determining the structure
candidates for unknown compounds.

N/

—O0

e T S = A

A 94 o o My

T T S S St

E O NERE alekdhell
130 million structures 130 million EI mass sgectral DB

(PubChem DB, 2 in-silico) with predicted Rl

* A. Kubo et al, Mass Spectrometry, 2023, 12, A0120. Solutions for Innovation ‘JEDLO



Al Model Performance: Cosine Similarity using Evaluation Data B

1000

T 3000 - Measured (NIST)
8 | 500
o 250 L
£ 2000 S %I- [ [L , @
(@) | -250 Y \ E E
q6 =500 ) /—/_/
e 1000 | ~7%0 Predicted (0.95)
2 ) o 50 100 150 200 250 300 350
O,
0 0.2 0.4 0.6 0.8 1.0 " Measured (NIST)

Cosine Similarity between observed and predicted z:z » J X D > O
""l” | ‘ ' "

® Cosine similarity distribution for 10,000 Predicted (0.81)

—750

—1000

compounds oo e
® Averaged cosine similarity score: 0.80 . Measured|(NIST)
® Comparison example of measured mass “ L l l it sl | i l
spectra and predicted mass spectra --> = | "' |
o Predicted (0.51)

350 400
Solutions for Innovation «JEDLD



Al Model Performance: Accuracy using Evaluation Data o

Example of the Accuracy result

Class Correct Structure . . To.p -
Similarity Score

Completely

41% &ﬂ@ &ﬂ@
2N N

Similar " | +

®  Similar (20.5) 46% 7@9‘\/@/ F

W Incompletely (<0.5)

B Completely match

(Similarly: 0.7)

Accuracy distribution for 10,000 compounds Qj\@
_d / N \ OH

® 41% were completely matching between with
correct structure and top 1 similarity score.

Incompletely A Q\u _
® 46% had similar structure between with 13% NA T . /; )
o= oo

correct structure and top 1 similarity score.

(Similarly: 0.5)

(Similarly: 0.2)
® Totally 87% compounds were elucidated

correct and similar structures.
Solutions for Innovation dEDLo 14



-

\

Pub(Chem

* 100 million compounds
 Less than m/z 1,000

~

)

-

P 3Rt 5 3r 2r 0 SRR o4
Pl g e

25 million compounds
« Polymer pyrolyzates by in-silico
* 49 homopolymer, 18 copolymer

X ‘"*”*i*“‘*i‘

J

-

\_

HO
|

—Si—O0
@) |
L

7S‘|70

H Kot
X,
KL

* 5 million compounds
» TMS derivatives by in-silico
* -OH, -NH2, -NH, -SH

~

)

Output: 130 Million Predicted El Mass Spectral DB “Al Library” Ao

Al Library

AL e e Al Predicted |

e e Al Predicted |

Al Predicted |

Al Predicted

N P = = = I

P Al Predicted

PubChem Structure
Elmass spectrum

Neural network
Complex predictions can be made

\ \Owcf
130 million predicted
El mass spectral DB

Predicts mass spectrum from the structural formula
130 million predicted mass spectra

Solutions for Innovation dEDLo



Al Structure Analysis Workflow after Integrated Qualitative Analysis {2

3
/

El data

t Soft lonization data

between El and Soft ionization data

[ Chromatographic peak detection and association

NIST library DB search (A)
e Match factor

* Retention index

* Molecular ion confirmation

El fragment ion analysis

» Accurate mass analysis using
molecular formula candidates
information (A) and (B)

¥

Molecular ion analysis (B)

Passing
elemental
conditions

* Molecular ion search
» Accurate mass analysis
* Isotope pattern matching

Narrow down the molecular
formula candidate using El
fragment ion composition
formula coverage.

Integrated Qualitative Analysis Results

* Identification result or Evidence of unknown compound

* Molecular formulainformation

» Sub-structure information

® First, perform an integrated analysis

Utilize molecular formula information determined by integrated analysis

® Non-registered compounds in the NIST DB become targets of Al

structural analysis

xioh 750 139.08

msFineAnalysis Al

;»%‘affw**f

Al library (msFineAnalysis Al)
has 130 million compounds DB

104 0] 139
s > Sy
504
99,

79 106
|

mz e

g 8
A

o
ey
&
J\TB&

¢

15
5 81 [131 171 50
1 2

%%%?\?fﬂ
E

Molecular
formula

determined by
integrated analysis

Measured El mass spectrum

Mass Spectrum: EI (ID: 089, RT: 14.76 min)

167.07  198.09
-
50 100 150 200
m/z

5901 H 95.05‘ 123.04
el Ly

e N
Isomers (same molecular formula)
structural formula only extract

woé 9 107 /\(@/‘V 1005\)\‘5"79 138
50 59 166 50 107 166
o:“‘ J e ‘17‘8‘ A 1o 05 gkﬁlm L1‘23l152‘l 198
\ 50 100 e 150 200 1 0?"/1 200 /
( N\
Al library search provides structural formula
100 ) ‘ /\/rﬂ/o\
273951 g5 7“‘99;11‘»71‘25 P 1 0
(0] (0]
100 ‘ ‘ 139‘ ‘ |
\ .u,..,f»o,.g 100 o Lio L 200 . /
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Total Workflow for Unknown Compound Analysis o

El data [ Soft lonization data Integrated Qualitative Analysis Results
[ IChromatographic peak detection and associationI )
between El and Soft ionization data I J / . \ Ve ™\
NIST library II)B search (A) ..., Molecular ion analysis (B) ) < 130 r::“::::;?::;:h Sub-structure analysis
+ Match factor elemental | | \oiecilar ion search * 48 sub-structures

conditions * Narrow down the candidates by

+ Retention index « Accurate mass analysis * Supporting interpretation of

« Molecular ion confirmation © R peE e » molecular formula information :truct:lr?'lbanalyss results
| y - predicted RI (3 Al rom Al library
El fragment ion analysis I
Narrow down the molecular
» Accurate mass analysis using iormulacandidate usi_rlg El Spectrum; E1(ID: 086, RT: 14.49 min)
molecular formula candidates ragment ion composition ] 139
fi | ) 100
information (A) and (B) ermiacoverage ] Measured @ presence
1 3051 6779 95 123 | 151
¥ v T e EEAN <:> b
173951 65 79 125’ absence
Integrated Qualitative Analysis Results wlpredicted | !
* ldentification result or Evidence of unknown compound R A 4 presence
o o Al Predicted Spectrum (CID: 23339571), Al Score 778 O H
* Molecular formulainformation

* Sub-structure information * v
Structure Analysis Results for unknowns

e Structure formula candidates

* Sub-structure prediction




GC/MS and GCxGC/MS Qualitative Analysis Workflow Y6

« Sample prep. * GC/MS  Data Processing: * Qualitative Analysis:
* Pre-treatment: « GCxGC/MS Volcano plot, PCA El spectral DB search,
HS, TD, Py... NN Soft lonization
1 \, 8 5 and Al technology!
- LA AL - .
. LB !
up HS—SPME 1D-GC 2D-GC '
ety - Volcano plot EI/FI I S. msFineAnalysisAl
Introduction Separation Extraction Identification
of a sample for compounds for specific compounds of specific compounds

If a specific compound found after all the experiments is not listed in the
commercially available El mass spectral DB, how do you identify it?

We can identify it using soft ionization data and Al technology!

Solutions for Innovation «JEDLD
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Petroleum Analysis and Metabolomics Analysis Bo%

GCxXGC I

Instrument INSIGHT-Thermal modulator (SepSolve)
Modulation 6 sec

GCTORMS |

Instrument JMS-T2000GC (JEOL)
GC column 1st: BPX5, 30 mX 0.25 mm, 0.25 ym

2nd: Rxi17-SiIMS, 3.4 mX 0.15 mm, 0.15 pm
Petroleum: Split 100:1, 300 °C

IEE ek Metabolomics: Split 5:1, 300 °C Miiiii
Carrier gas He, 1.2 mL/min (const.) 2
Oven prog. 50 °C (2 min) — 4 °C/min - 325 °C (10 min)
lon source El/FI combination ion source 2
lonization El: 70 eV, 300 pA
Fl: 10KV, 12 mA JMS-T2000GC (JEOL)
Mass range m/z 35-800
Acq. Speed El: 50 Hz, Fl: 25 Hz INSIGHT-Thermal modulator (SepSolve)

Solutions for Innovation «JEDLD



Thermal Modulator Performance o

® Liquid nitrogen-free cryo system
® -100 °C at the chiller, but variable cooling gas flow rate
® We would like to use n-Alkane RT to generate measured RI for a GCxGC data

We could trap from C7 even though |
using a liquid nitrogen-free modulator!

C10 C20 [ e




GCxGC Data Handling on the Software Ta

T 20250114 Diesel with RI -

msFineAnalysis Al

File ExportMethod Option Help

El Data |DIESELE-Centroid Sl Data |FI_DIESEL_0.045-25Hz_3ms-3mA_001{ Detection Type |TICC Peak Detection | Spectrum Type |Centroid Edit Detection Result ‘ID 0187 RT [min] 27.14| @ Spectrum (O Detection Area |
Display Compound Label | O Circle"” (O ID None Reset Zoom | | Auto-Scaling
: Adjust ¥
GCxGC TICC: El Data ]
I 32097 Mass Spectrum: El {ID: 0187, 1st RT: 27.14 min, 2nd RT: 0.82 5)
t ®10% { 7108578 |
GCxGC/EI TICC i Overview ]
Lt J,u
Al .Www.._. ] El mass spectrum
= PLE 2 2504
= Iy o bt e .
2 254 el =
| wt T 'y I .--Ih ..fr|.1.....-u,'i ST PRI Y| . ' 1
" 1 T g 15417165
] - i '
e A A S _. ]
o Lo bt e "'1' y ;ﬂ .00 LAk ‘J,'U. ——
e e T T T T T T N N . = 100 200 300
10 15 20 2 30 35 20 15 50 55 &0 65 70 7 20 miz
=tRTfouin] Mass Spectrurm: S (ID: 0187, 1st RT: 27.06 min, 2nd RT: 0.845)
GCxGC TICC: 5l Data *10% ] M
{ E 198.23451
GCxGC/FI TICC 200+
| . g 1 Fl mass spectrum
[ " LI LT e 5 i
oo s T | i
£ ]
LI ] T 100y
il 1 o
. i " r m_-n,ﬂ_w X 1
i "I'-l I"'-IE ' ﬂ“l':.ﬂﬂ"w-; Fain e |I|I|... NI S | 1
i 4 i
; (e o A B AR
/ . Ry
| PR RO T8 |1- lll ‘L h 100 200 300
mz
00 T T T T T T T
10 15 20 2 30 35 20 15 50 55 60 65 70 7 20 Formula |14 H30 Mass Error [mDs] 041| DeE | 00
1st RT [min]
— . Structure Information from Al Library
Ist Match Compound Mame |2,3-dimethyldodecane 5 4
I R ;?d :;'IE,BS‘ Area Height  Link IM m/z :M, . EES:‘E “;"E:E” Compound Name E:‘DS” PR | e, Factor/ Lib.RI[iu] ARI[u] Formula DBE AL:;“W ﬁ:'c“"’md Ma; .
iy RTIs] RIul onization P 2 [ PubChem CID |521950, 58721052 Libra ry sea rch result from
[ 2684 D82 24 69584 461646 4 21225006 S| 57.06997 198.23447 | Tetradecane, 5-methyl- 25117-32-2 mainlib 790 1453 0 Ci5H32 00 none 21224985 - Spectrum .
[] 2684 214 24 9350 68044 o 17615727 S| 11908560 17615727 | 1,2-dimethyl-4-(3-methylbuty 59833011 Al 909  1350(295) &  C13H20 40 none 17615595 Adduct/Lass [none 1 NIST DB or Al ||bra ry
2684 302 24 4733 27349 - - 13108551 - |5.6,7.6.9,10-Hexahydrobenzo: 1076-69-3 mainlib 710 1344(:166) 0 CI2H16 50 none  160.12465 100 437
271408224 35773201524~ 19823461 S| 71.08578_198.23461 | 2,3-dimethyldodscans 521058, 56721052 Al 046 1375(295) 0 C14130 00  none __ 198.23420 1 5
[] 2714 316 24 18255 116710 = = 11807756 ~[Naphthalene, 1,23 4-tetrahye 21564-91-0 mainlib 783 1255 (166) 44  CI2H16 50 none  160.12465 1 ] 9 1 159 .
[] 2734 080 24 54247 M8TAd . 21225032 S 57.06998 198.23456 | Tetradecane, 5-methyl- 25117-32-2 mainlib 267 1453 20 C15H32 00 none 21224085 o Ly s ) 18
[ ] 2734 , 24 11820 62856 o 17645721 Sl 105.06900 176.15721 | Benzene, 1-methyl-3-hexyl- 1505-03-5 mainlib 770 1342(=166) 0  C13H20 40 rnone 17615595 1 } gg 126 qs55
n 2734 3 24 4521 34309 o 16012591 sl 11807741 160.12501 | 2,8-dimethyl-1,2 3 4-tetrahyd 14576466 Al 956 1346(x95) 32 CIZH16 50 none  160.12465 1 o5
[] 2754 344 24 4452 33429 o 16012610 S| 14510110 160.12610 | Naphthalene, 1,23 4-tetrahyc 20027-77-4 mainlib 238 1470 10 CIZH16 50 none  160.12465 1001 7
n 2764 078 24 85843 840964 . 21225013 S 57.07000 21225013 | Pentadecane 629-62-9 mainlib 350 1500 16 C15H32 00 none 21224085 1 #s
u 2764 178 24 13641 60138 . 10017268 S 105.07001 176.15737 | 1-methyl-3-(3-methylnexyl)be 142208790 Al 809 1412(:95) 0  Cl4H2 40 rnone 19017160 S P P LU
W 0195 2764 270 24 1419 10373 E E 15911703 2 s B & P = Gl 50 100 150 200
= i — — S — oo s . e == == Al (4), 946, 2 3-dimethyldodecane
Analysis Method | Default_for_AccuTOF_GC-Alpha Rerun Reset Eclit Compound Analysis Result Add to NIST User Library

Qualitative analysis result: Compounds name, CAS #/PubChem ID, Accurate mass analysis result, etc. Solutions for Innovation ,JEDLD



Total Workflow for Unknown Compound Analysis by GCxGC! Ao

GCxGC/El

I

[ GCxGC/Soft ionization

Chromatographic peak detection and association
between El and Soft ionization data

NIST library DB search (A)
* Match factor
« Retention index

* Molecular ion confirmation

|

El fragment ion analysis

* Accurate mass analysis using
molecular formula candidates
information (A) and (B)

¥

Molecular ion analysis (B)

Passing
elemental
conditions

e Molecular ion search
* Accurate mass analysis

+ Isotope pattern matching

Narrow down the molecular
formula candidate using El
fragment ion composition
formula coverage.

Integrated Qualitative Analysis Results

* |dentification result or Evidence of unknown compound

* Molecular formulainformation

e Sub-structure information

T

Integrated Qualitative Analysis Results

/

-

* molecular formula information

*p

Al library search

* 130 million compounds

* Narrow down the candidates by

redicted RI (3 Al)

4

Spectrum: El (ID: 086, RT: 14.49 min)

100

79

{Measured |’
l’?

1 3951 67 95 123
1 i

o

T T T T
73951 g5 79 93107 135 ’ 153 198

{Predicted .,

50 100 150 200
Al Predicted Spectrum (CID: 23339571), Al Score 778

\

~

-

e 48 sub-structures

» Supporting interpretation of

~

Sub-structure analysis

structural analysis results
from Al library

4

@ presence

<:> absence

0
—  presence

OH
\4

Structure Analysis Results for unknowns

e Structure formula candidates

* Sub-structure prediction




GCxGC Data Handling on the Software A

T 20250114 Diesel with RI - msFineAnalysis Al

File ExportMethod Option Help
El Data |DIESELE-Centroid Sl Data |FI_DIESEL_0.045-25Hz_3ms-3mA_001{ Detection Type |TICC Peak Detection | Spectrum Type |Centroid Edit Detection Result ‘ ID | 0187 RT [min] 2714 Spectrum () Detection Area |
Display Compound Label Circle"” O ID None Reset Zoom | | Auto-Scaling
GCxGC TICC: El Data ]
I 32097 Mass Spectrum: El {ID: 0187, 1st RT: 27.14 min, 2nd RT: 0.82 5)
o t ®10% { 7108578 |
GCxGC/EI TICC Selected compound: ID #187 s | Overview _
1 4
KA ) o MR st ] El mass spectrum
Q o g ! - 2 ]
= ' TR L g 250
B ’ ] = B
g 254 1 £
[N} (L] A M 5
] e b W LT ST EETY R SR 1
" 1 g 15417165
: .
4 (| N L h ¢ P 9
T TR Y LDl s I’ ;J 0.00 '..‘J,'U —
e e T T T T T T N N . = 100 200 300
10 15 20 2 30 35 20 15 50 55 &0 65 70 7 20 miz
=tRTfouin] Mass Spectrurm: S (ID: 0187, 1st RT: 27.06 min, 2nd RT: 0.845)
GCxGC TICC: 5l Data *10% ] M
{ E 198.23451
m ; # 1
GCXGC/FI TICC Selected compound: ID #187 -
LA g 1 Fl mass spectrum
! LY A a
Wil 3 ] 5 4
£ ]
1,00
254 13 ]
i TR TTSCRIT LT e | ]
i 4 i
I'-.. Emmr’;{llﬂl-l' L L e e e o e A I s
T R T TR TR 100 200 300
mz
00 T T T T T T T
10 15 20 2 30 35 20 15 50 55 60 65 70 7 20 Formula |14 H30 Mass Error [mDs] 041| DeE | 00
1st RT [min]
— . Structure Information from Al Library
Ist Match Compound Mame |2,3-dimethyldodecane 5 4
D ;?d :;'IE,BS‘ Area Height  Link IM m/z :M, . EES:‘E “;"E:E” Compound Name E:‘DS” PR | e, Factor/ Lib.RI[iu] ARI[u] Formula DBE AL:;“W ﬁ:'c“"’md Ma; .
iy RTIs] RIul onization P 2 [ PubChem CID |521950, 58721052 Libra ry sea rch result from
[ 2684 D82 24 69584 461646 4 21225006 S| 57.06997 198.23447 | Tetradecane, 5-methyl- 25117-32-2 mainlib 790 1453 0 Ci5H32 00 none 21224985 - Spectrum .
[] 2684 214 24 9350 68044 o 17615727 S| 11908560 17615727 | 1,2-dimethyl-4-(3-methylbuty 59833011 Al 909  1350(295) &  C13H20 40 none 17615595 Adduct/Lass [none 1 NIST DB or Al ||bra ry
2684 302 24 4733 27349 - - 13108551 - |5.6,7.6.9,10-Hexahydrobenzo: 1076-69-3 mainlib 710 1344(166) 0 CI2H16 50 none 16012465 100 437
271408224 35773201524~ 19823461 S| 71.08578_198.23461 | 2,3-dimethyldodscans 521058, 56721052 Al 046 1375(295) 0 C14130 00  none __ 198.23420 1 25
[] |2714 316 24 18255 116710 = = 11807756 ~[Naphthalene, 1,23 4-tetrahye 21564-91-0 mainlib 783 1255 (166) 44  CI2H16 50 none  160.12465 25 l 9 1 159 .
[] 2734 080 24 54247 M8TAd . 21225032 S 57.06998 198.23456 | Tetradecane, 5-methyl- 25117-32-2 mainlib 267 1453 20 C15H32 00 none 21224085 012 Ly s ) 18
[ ] 2734 ” 24 11820 62856 o 17645721 Sl 105.06900 176.15721 | Benzene, 1-methyl-3-hexyl- 1505-03-5 mainlib 770 1342(=166) 0  C13H20 40 none 17615595 1ae l gg 126 q55
n 2734 3 24 4521 34309 o 16012591 sl 11807741 160.12501 | 2,8-dimethyl-1,2 3 4-tetrahyd 14576466 Al 956 1346(x95) 32 CIZH16 50 none  160.12465 1 o5
[] 2754 344 24 4452 33429 o 16012610 S| 14510110 160.12610 | Naphthalene, 1,23 4-tetrahyc 20027-77-4 mainlib 238 1470 10 CIZHI6 50 none  160.12465 1001 7
n 2764 078 24 85843 840964 . 21225013 S 57.07000 21225013 | Pentadecane 629-62-9 mainlib 350 1500 16 C15H32 00 none 21224085 1 #s
[ 2764 178 24 13641 60138 o 100.17268 S 105.07001 176.15737 | 1-methyl-3-(3-methylnexyl)be 142208790 Al 809 1412(:95) 0  Cl4H2 40 rnone 19017160 S P P LU
M 0195 2764 270 24 1419 10373 - - 159.11703 -|- - - - - - - - - - 0 100 130 200
e R S — - . s == == Al (4), 946, 2 3-dimethyldodecane
Analysis Method | Default_for_AccuTOF_GC-Alpha Rerun Reset Eclit Compound Analysis Result Add to NIST User Library

Qualitative analysis result: Compounds name, CAS #/PubChem ID, Accurate mass analysis result, etc.
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Integrated Qualitative Analysis Result of ID #187

Mass Spectrum: El (ID: 0187, 1st RT: 27.14 min, 2nd RT: 0.82 s)

x104 1
500 71.08578
. 1 4305448 | ‘
2 1 Mass spectrum
L. 85.10137 P
] | | ‘ ‘ 99.11681 154.17165
000 el Heo— R . T I T T T T T T
50 75 100 125 150 175 200 225 250 275 300
m/z
Mass Spectrum: S| (ID: 0187, 1st RT: 27.06 min, 2nd RT: 0.84 s)
x10° ]
C,H b
] 147130 7> 198.23461 FI mass spectrum
0.00 | T T T T T T 2 T T T T
50 75 100 125 150 175 200 225 250 275

Elemental Composition of IM (m/z: 198.23461)

We have obtained the information such as molecular formula, measured El mass
spectrum and El fragment ion formulas for structure analysis by Al.

Library Search
2 Formula ppe Calculated  Mass Errar lsotope Adduct/ |3 Libray N cAs# Lib Matzn :TT:E Lib.RI fiu] ~ ARIfiu] Formul DBE MW El BESE fo
rmul WZ [m[)a] Matching ovErage s rary iMame . EReros Faactil;r 5 n [1¥) ormula [LEi;} overage

||:| ADT C14 H30 0.0 198.23420 0.41 0.95 100
1 LO3 Tetradecane, 5-methyl- 25117-32-2 mainlib 866 866 1453 12 Cl15H32 0.0 212 43 100
1 L06 Tridecane, 6-propyl- 55045-10-8 mainlib 861 o1 1496 31 C16 H34 0.0 226 43 100
[l L0171 Tridecane, 4-methyl- 26730-12-1 mainlib 891 398 1359 102 Cl14 H30 0.0 198 43 100
[l L02 23-Dimethyldodecane 6117-98-2 mainlib 869 a74 1353 112 Cl14H30 0.0 198 43 100
1 L04 Undecane, 3-ethyl- 17312-58-2 mainlib 864 878 1260 205  C13H28 0.0 184 57 100
| LO5 Pentadecane, &-methyl- 10105-38-1 mainlib 862 862 1547 g2 Cl16H34 0.0 226 57 100

LO3 and LO6 compounds have higher match factor with NIST DB, but they have different molecular formula.

LO1, LO2, LO4 and LO5 compounds have also higher match factor, but they have larger differences with measured RI.

ID #187 is not listed in NIST DB. = This is unknown compound!

6%
N T

‘Anniversary
SRR
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Al Structure Analysis Result of ID #187

Compound (ID: 0187, 1t RT: 27.14 min, 2nd RT: 0.82 5, Meas. Rl: 1465 iu, Area: 35773, Height: 291524, Link: 2, IM (m/2): 198.23461)

Elemental Composition of IM | Library Search | Integrated Analysis | Al Structural Analysis

Formula |C14 H30

m/z 198.23420 DBE

0.0 Edit Adduct/Loss

Description *

175
» th

‘Anniversary
N

Compound Name
23-dimethyldodzcane

Adduct/Loss |none

Bl Fragments

ral SMILES |ccoccececeiociaic Formula |CLAH30
Mw 198 DBE 0.0
Measured El Mass Spectrum  free [ seese
Spectrum: El (ID: 0187, 15t RT: 27.14 min, 2nd RT: 0.82 5)
| 100-] s s |
@ .
Ln 154
32 - 9{9 3 12 T} 68 183 1%
‘ ‘ ‘ gg M3 12 M5
[ 8s
. 100 8 5 m
Predicted El Mass Spectru m T \ \ \ \ \ T T Estimated ] 1375 (95 ARIf) 0
25 50 75 100 125 150 175 200
All (4), 946, 2.3-dimethyldodecane Al Score 946 Rank 14)
Adduct/Loss Formula MW DBE  Number of Structures g 100
nen C14 H30 198 00 97 (1036) g
mb Cl4Hzo 197 05 1 i 1
;
5 950 9")') 8‘50 32)0 7‘50 72)0 E;ﬂ 600
Al Score
N u m ber Of molecu | a r I < > » Filter by Retention Index | No Filter
1 O 23 O 301 O 405 O sEn O 6(25)
formulas and structural Y f NEY Ail s ﬁ;u
formulas considering
Al Score: 946 Al Score: 946 Al Score: 943 Al Score: 941 Al Score: 939 Al Score: 938
/ Al Prob, <189 [11/13] Al Brob. <08 [8/13] Al Pron. <09 [3/13] Al Prek. 42 [7/13] Al Prob. +189 [11/13] AlBrob. 42 [7/13]
adduct/loss = o 1o e e = —— e O 265

PDQPEFEVENS

Al Score: 935
Al Prob.-42 [7/13]

1

3600 O

Al Score: 934
Al Prob. +188 [11/13]

1461 [

Y

Al Score: 933
A1 Prop. +85 [9/13]

Al Score: 931
AlBrob. +189 [11/13]

15067 [

1670) [

Al Score: 931
Al Pros. <03 [8/13]

L A e S PUUUY G

Al Score: 929
Al Prob. -42 [7/13]

Al Score: 929
Al Brob. +08 [8/13]

Al Score: 928
Al Prob. +139 [11/13]

Al Score: 927
AlProb. +188 [11/13]

Al Score: 926
AlProb. 4.2 [7/13]

1703 O

s B R U

Al Score: 930
Al Prob. +188 [11/13]

Al Score: 926
AlProb.-42 [7/13]

18 (76)

Measured El mass spectra and
calculated composition formula

(Loss composition formula)
57.07002 €14 H30
g 4 Ho :
[-C10 H21] :
= H
ERE 8510137 . H
z 6 H13 :
= 50 [-C8 H1T] :
0011651 15417165 !
. €11 H22 :
251 7 His 12614044 Ceamie) :
[-C7 H15] C9H1E :
| [-C5 H12] ‘ :
0 L N 1 | S R — . M-
50 75 100 125 150 175 200
miz
Iz %) escl
4103881 ] 023 C3 H5 15 Al 11 H25 05
1305448 8398 025 /C3HT 05 C11H23 05
55.05440 2694 0.18/C4 HT 15 Cl0H23 05
57.07002 8350 0.14/C4 HY 05 Alkane C10H21 o,
69.07021 862 033/C5HY 15 CoH21 -0,

" 7007795 49566 0.25/C5 H1D 10 Alkane, Alkene, Cycloi -C8 H20 00
71.08578 100.00 025 C5H1 05 Alkane CoH19 05
83.08565 503 013 /C6HT1 15 Alkene, Cycloalkane  -C8 H19 05
84.09347 689 011 C6HI2 10 CeH1g 00
85.10137 4957 019 C6H13 05 Alkane -C8H1T 05 C f' / d 1
97.10120 536 003 CTH13 15 Cycloalkane, Alkene  -CT HI7 05 ) onfirm/edit comments

Description File | GroupListEnglish) [L][ Ewon g
Predicted present Predicted absent
AlProb. |Fecee [cH3FIcha | ccC B [E C-CCOCC
189 ICH2I-[CH2] c=C1
— —
F7EEANN / N\ /
Match S -e e ¢ p) { )
1413 ! N/ N / N
P: 100 P:1.00 P:1.00 P:0.00 P: 0.00 P: 000
cccccc |[eccee [CR3I-ICH21- €=cC-cC
[CH2]
c ¢ e ’G‘C ¢ c ¢ Te” ¢ c
W
P: 100 P:1.00 P:1.00 P 0.06

oK Cancel

Structural formula Prediction by DL

* Displays ranked structural formulas in list.
* Selecting a structural formula, the information on the top renews.

* Below each structural formula is an Al score indicating the match
percentage between structural formula and mass spectrum.

Substructure Prediction by ML

Displays the information of predicted substructure
Substructure predicted present on the left, predicted absent on the right.

Those with blue background are the substructures that match the selected
structural formulas. Those with red background are those that do not match.
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Metabolites Analysis in Japanese Sake

€12 20250120 Sake_02 - msFineAnalysis Al
File ExportMethod Option Help

Edit Detection Result

El Data |GCGC2_#::4El_002-Centroid §l Data |GCGC2_#i#Fl_Slope_3ms_3mA-12m| Detection Type |TICC Peak Detection | Spectrum Type |Centroid

ID | 0286 | RT[min] | 4343 @ Spectrum () Detection Area

Reset Zoom | | Auto-Scaling

Display
GCxGC TICC: El Data

‘Anniversary
I Ne— T

El mass spectrum

FI mass spectrum

e Mass Spectrurm: El (ID: 0226, 1t RT: 43.43 min, 2nd RT: 1.58 5)
2] x108 361.16896 ‘
o 1.50]
kit z
L'y A ]
s g
— 'y £
E 0501 19109228
) il
g |.|. 1Ld : . :
— 500 1000 1500
= (; m/z
< Mass Spectrum: S| (ID: 0286, 1st RT: 43.43 min, 2nd RT: 148 5)
— 7T Min: 0 M
i 25 000 947.45660
13t AT [min]
GCxGC TICC: S1 Data &
T Max301 5
| E 2500
5 30715673
| |
| i | 45121511
i ANER 0 b o bl o I
Il el L
= Bl 500 1000 1500
E O L mz
2
S Formula | C37 HEI N 011 Sig Mass Error [mDa] | -182| DBE | 20
@18
[ i
G - & Structure Information from Al Library
ot
é Compound Name |(3R45)-N-methauy-1,3 4 5-tetrakis(trimethyisit| Al Score | 854
SR . ¥t - UL IS o PubChem CID (91748950
s o s Aekaciions o Spectrurn: Bl (1D: 0286, 15t RT: 4343 min, .
5
13t AT [min] 100 381
General Total Result S 73 217
st Match )s(gjg__l_ | ”i l "
2nd Meas. Height M ElBase Sl Base CAS# / PubChem : . Adduct/  Calculate $ 2 |
DI o Ripg Ame ek R ek Wz (S S pesk | Cempound Name = Lib. Factor/  Lib.RIfiu] 4RI fiu] Formula pBE | T - pe
[min] Al Score ?«' s
] 4323 152 37 184553 2467820 1040 v 94745351 S| 36117064 20510657 |- - C3THEINOIISI 20 - 94745 ~ = :ﬁ:— w00 L 361
W 0285 4343 020 37 420 5761 002 v - - 21710713 73.046%0|- -- - - - - - - ; N
] 2343 158 37 80320 032440 303 o 04743660 S| 361.16806 04745660 |(3R45)-N-methoxy- 1345t 91748959 Al 854 2886(x93) 534 C37HBINOIISI 20 none 84745 . s oo
[] 2363 020 37 887 12517 005 - - 21710808 ~[Mutti Hi == = - T I =
— Al 854, (3R4S)-N-methoxy-1,345-tetr..

e Rt

Analysis Method | VBB

Edit Compound Analysis Result

Add to NIST User Library

® |n the FI mass spectrum, we could obtain the molecular ion at m/z 947.457 clearly.

® Al structure analysis automatically elucidated structure formula.

HS-SPME-GC-TOFMS
HS-SPME : 2850T (HTA)
GC-TOFMS : JMS-T2000GC (JEOL)

® Elucidated to be a TMS derivative of disaccharide structure based on Al structure analysis results.
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® Enabling us to clearly associate similar structures information from GCxGC chromatography
separation and hierarchical clustering using El mass spectrum.

Solutions for Innovation JEOL

® Useful information to determine the correct structure from the candidates by Al. .
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Automatic Categorization for Japanese Sake RO
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® Maximum number of detection: 1200
® 710 compounds were categorized in more than 20 groups Solutions for Innovation dEDLD



Automatic Categorization for Japanese Sake o
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® Maximum number of detection: 1200
® 710 compounds were categorized in more than 20 groups Solutions for Innovation dEDLD



Conclusion: Three Technologies Provide Structural Analysis Solution Ao

/\/I\*

® We made 130 million predicted El mass spectra DB

GC-TOEMS ® 25 million in silico pyrolyzates library is useful for polymer
Technology analysis.
(JMS-T2000GC) ® We also made 5 million in silico TMS derivatives library for

metabolomics.

® |[tis important to combine molecular formula
information to obtain the correct structure formula
with Al library.

® High Resolution Mass Spectrometry is necessary to obtain
composition formula for both molecule and fragment ions.

Soft lonization B Al Structural

Technology Analysis Tech.
(EI/FL, EI/PI, CI) (msFineAnalysis Al)

® Soft ionization is ideal to obtain molecule ion and
protonated molecule.

® JEOL proposes this solution of the real unknown
compounds analysis for all GC-MS fields.
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