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Automatic GC-MS Analysis

How to Use KnowltAll MS Expert to Perform Automatic GC-MS Analysis

Purpose

These exercises demonstrate how to use KnowltAll MS Expert to automatically analyze GC-MS.

Objectives

These exercises will teach you:

» How to use KnowltAll MS Expert to auto-deconvolute GC-MS data into chemical component MS spectra which are automatically searched against
millions of references.

» How to generate reports

BaCKg round Training Files Used in This Lesson
e  C:\Users\Public\Documents\Wiley\KnowltAl\Sa

GC-MS data are information rich. Analysis can be time consuming, especially when examining mples\MS Expert folder files

complex analytes. We present a computer system that combines fast, flexible automated
deconvolution, automatic database search to identify knowns and unknowns. Novel compounds KnowitAll Applications Used
can be identified, and structural characteristics deduced from applying the MS Adaptive search that e  KnowltAll MS Expert

uses fragmentation and structural data to propose likely structural details of the unknown.
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GC-MS Deconvolution Algorithms

Our system follows individual m/z values across multiple spectra and extracts a pure spectrum from the data for each individual component while trying to separate
components with overlapping m/z value peaks. If accurate m/z value data are available and the user selects to use it instead of unit m/z values, the
chosen instrument accuracy (automatic, ppm, or fixed value) is used to determine the correct accurate m/z values that exist in the entire GC-MS
analysis. The m/z values in the raw data are converted into correct accurate values based on the closest value found taking the instrument resolution
into account. The corrected m/z values form the basis of the following deconvolution.

During the deconvolution step, individual m/z values are pursued across multiple raw spectra, and a component spectrum is extracted from the data for each
individual component while trying to separate components with overlapping m/z value peaks. The details of the algorithm are summarized to a large extent by the
following papers'.

Additional steps are added to automatically detect components with low intensity reconstructed total lon Current (RTIC) chromatographic peaks as long as they
can well be separated from neighboring components.

The details of the algorithm are summarized to a large extent by the following papers, although we go beyond that.

1. S. E. Stein. An Integrated Method for Spectrum Extraction and Compound Identification from Gas Chromatography/Mass Spectrometry Data. J Am Soc
Mass Spectrom 1999, 10, 770 —781.

2. R. G. Dromey, Mark J. Stefik, Thomas C. Rindfleisch, Alan M. Duffield. Extraction of Mass Spectra Free of Background and Neighboring Component
Contributions from Gas Chromatography IMass Spectrometry Data. ANALYTICAL CHEMISTRY, 1976, VOL. 48, NO.9, 1368-1375.

3. J. E. Biller, K. Biemann. Reconstructed Mass Spectra, A Novel Approach For The Utilization Of Gas Chromatography-Mass Spectrometer Data.
Analytical Letters 1974, 7, 515-28.

4. Bruce N. Colby. Spectral Deconvolution for Overlapping GC/MS Components. J Am sot Mass Spectrom 1992, 3, 558-562.
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MS Spectral Comparison Algorithms

Journal of

Research article SPECTROMETRY

Received: 5 October 2014 Revised: 16 February 2015 Accepted: 5 March 2015 Published online in Wiley Online Library

(wileyonlinelibrary.com) DOI 10.1002/jms.3591

Evaluation of mass spectral library search
algorithms implemented in commercial
software

Andrey Samokhin,** Ksenia Sotnezova,” Vitaly Lashin® and Igor Revelsky?

MS SEARCH Composite algorithm Spectrum search type — identity (normal)

(Cwim)

R\ Presearch — default
Ny Z wisw? ' [Z (R_._) ] Included Libs — MainLib
5= - Apply limits - unchecked
Ny + Nuga )
Use constraints — unchecked
Dot-product algnrithnzi Spectrum search type — similarity (simple)
(Z WL'WU) Presearch — default
5= 5 = Included Libs - MainLib
E Wi E Wy

Apply limits — unchecked

Use constraints — unchecked

Samokhin, K. Sotnezova, V. Lashinb, |. Revelskya. Evaluation of mass spectral library search algorithms implemented in commercial software. J. Mass Spectrom.

2015, 50, 820-825.
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Searchlt
D W Search Profiles:  <no profile> = EQ R‘: + @

q Number of components: Search Method:
Search Categories P

1 (Single) ~ | |Composite P3 v
Dot-Product (Cosine) .
Wiley Dot-Product (Cosine) I

— BARBITURATE M x_Composite P1
, Composite P3

Spectrum MS (GC)

L1 Spectrum

Where
e Dot-Product — second equation in above graph
e  Wiley Dot-Product (old KnowltAll algorithm) - the old Finnigan algorithm that verified at least 12 of the largest 16 peaks AND the base peak match before
continuing with the dot product calculation.
e Composite P1 — first equation in above graph
e Composite P3 — first equation in above graph
P1 and P3 are different by the power applied to the weighted intensity of peak.
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Example 1: GC-MS of Unit m/z Values
GUI explanation

This picture shows the deconvoluted GC-MS data of unit m/z values, and the massive Wiley MS database search results for each component.

is Profiles:  <no profile>

i3

Cmarngram | ‘Components - o Xx
WATIC 1 |
g 5 OComp." | RT[m.. # Match Sco.. HQl RH.. ~
100 = - [Oas 35817 @ 1 1-Octanol 97.33 97.33 97.33
032 39367 & 1 26-Xylenol 97.78 97.78 97.78
g 174 42085 @ 1 Undecane 99.08 99.08 99.08
= D43 46773 @ 1 2,5-Dimethyl-benzenamine 97.94 97.94 97.97
0 A 87 5.0278 # 1 Hexanoic acid, 2-ethyl- 86.83 86.83 86.83
41 52090 @ 1 Hexanoic acid, 2-ethyl- 88.13 88.13 88.13
0s7 6.7302 = 1 Decanoic acid, methyl ester 9834 9834 98.34
T T 155 2 Decanoic acid, methyl ester 96.69 96.43 99.05
23| 6 A OJsé 3 Decanoic acid, 2-methyl- 88.16 87.76 91.81
i 4 Nonanoic acid, methyl ester 8464 83.92 91.10
5 Tridecanoic acid, methyl ester 82.63 82.60 8292
7.6897 # 1 Cyclohexanamine, N-cyclohexyl- 96.27 96.27 96.27
amc 7.7804 @ 1 Undecanoic acid, methyl ester 96.75 96.52 98.79
[IComp. 89421 = 1 Dodecanoic acid. methyl ester 98.07 98.07 98.07
W74 2 Dodecanoic acid, 2-methyl- 88.20 87.31 96.22
043 3 Undecanoic acid, 10-methyl-, methyl ester 8811 88.09 8834
6685 6bo 6695 67 6705 641 6715  6r2 6725 6745 6765 l“
; 41
I—' 2w SD J | Reference Ions;s!:\n 2
100 - Extracted Spectrum " ; By
R Skt "/ Parameters: c 2
29 - "3“ 55 5o & e o5 58 101 = Contributing lons: 74
0 - --Iv’-- AR I, VO B L — Energy: 1.4159
Base Peak Vertex: 8562039.9
"s 4 s | e | 70 8 s 1o ' 1o 140 o 1do
miz <
100 - Extracted Spectium 74
— WMS3X #106732, Decanoic acid, methyl ester e hir [~] Automatic
43 il
ol 47 2| _.T},_’f. S sl e s 185 G o
o Tt
D \__,/\\/"\//\/W/ i
0 f Wedion i
T3 & 7 s eo 70 @ @0 qbo o ko ko ko o 1do ik 1do 180 k Shape Requirement
m/z
datams X
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A — deconvoluted GC peak which found matches from reference MS databases; B — selected ions in a component; C — reference ion(s) used to model a
component; D — extracted spectrum (top) vs reference spectrum (bottom); E — components table; F — combined spectrum search and reverse search Hit Quality
Index (HQI) and, not shown in the above screenshot, each component’'s GC area under curve (AUC) value; G — Adjustable parameters in algorithm.

Action Result
1 | Go to the MS Expert application under Spectral MS Expert automatically performs
Process toolbar 1. GC deconvolution to component extracted MS
2. Search extracted MS again reference databases
L. 3. Report top hits
MS Expert - . x
MS Expert & 8, 5B O K2 Anaisis Pofes <o profie> BT BRI N A
3 - FEE B
Click Open Data File button ; oo Mo o s il
00000+ O oses s 0095 9295 9995
. 40 20297 & 1 98.75 9862 99.92
Navigate to folder ou fem e
C:\Users\Public\Documents\Wiley\KnowlItAINSamples\MS | |~ b e o)t di e
Expert Sl o
" [ f e o7 Mo s ot e i
V50 - James Little.CDF file o] ‘ . 1 On |[wems 27 %926 930
3 [} 78T T 2 s 6 8 2 | 22 24 26 28 3 32 34 3 3B 4 R:‘ e 80 5699 9900
o Bfjise a1 MemE TRouoRo- it
Note: in 2024 release, one can use button Open o e T R
Analysis to open an externally saved analysis file. B
' 373899 oVl le 616263 73747576 | ‘ ] ®
2 30 3 40 4! 50 55 " 60 65 70 75 80 8 920 it it
1004 ™ [ Automatic
ol 3 o “" 5 s16263 a7 7“7 ‘ ™
2 £ 3 & 7 50 55 E) E3 7 3 & k. %
miz

Note: in 2024 release, we add a column “Area%” to the Components table to give user a rough
idea for the component percentage of chromatogram peak intensity.
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Action Result
2 | Examine the hit lists for each deconvoluted components 100 - Exvacied Spectiom
in the COmponents table - MSX #81878, Methane, dibromochloro- i %
. . 1 4 7 ‘
Go to RT (MIN) 19.6127, notice the Score for this hit is o i B Bl tw g " 1 W m m
very low, 56.74. : \ . Br
Br
0 20 3 40 %0 60 70 8 % 100 o 120 130 o 150 160 10 160 10 200 20
miz

V50 - James Little.cdf %

From the comparison of Extracted Spectrum (top) and reference spectrum of methane,
dibromochloro- in the bottom pane, we can see that the Extract Spectrum contains methane,
dibromochloro- as well as other components.

3 | Transfer the Extracted Spectrum to Searchlt iy
v - Transfer to: < Reportit |§g Searchit | <P Minelt Database & QC Expert
Spectral Proces.. ~ 2 MS Expelt
Basics @ W Fol By & K2 Analysis Profiles: <no profiles
Data
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Action Result
4 | Only check the Extract Spectrum at prompt i Import of Multiple Spectra X
Please select the spectra to import: 4 75 : :
OK [v]Extracted Spectrum 20000
& o
83 97
10000— 49 61
3 110
] 89 11,2 119 160 173 208
50 100 150 200
m/z
Select All Deselect All Cancel

5 | In Searchlt, set to search for 2 (Mixture) Searchit

) @ B3 8 search Profiles: <no profile> - FEf < &K+ E

: Number of components: Search Method:
Search Categories e

2 (Mixture) ~|  Dot-Product (Cosine) ~

Spectrum MS (GC)

Extracted Spectrum

L] Included Components 13

sl

[] Excluded Components 09

|

Loy
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Action Result
6 | Click the User-Select tab to add all licensed MS - 2
DE Search Profiles:  <no profile> - FEd
databases Search Categories | Aviabe o seachig
s m MS (GC) \r\\emelda\abases are SW\L Limit to spectral technique: All - Refresh Advanced...
Search oo = [rame -
O Structure 13C NMR - Sadtler NIOSH Pocket Guide to Che... NNX <Latest Version> 23.00
13C NMR - Wolfgang Robien WRX <Latest Version> 23.00
] Property/Name 15N NMR - Wiley XNX <Latest Version> 2300
R | pm—
O Pure Compounds
Name DB Code Location »
HitList Size Limit: 50 2] CJAN Hits E
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Action Result
7 Mixture analysis returns a very good Composite Spectrum match top of the hit list:
_" st vl
0.75
0.5+
0.25=
0] \H ‘ m‘\h - “‘ H A 8
025
0.5+
0.754
:"u'4b'ﬁh'ab'|6ur;‘/2|§u'|lﬂ'|éﬂ'|é0'?ﬁa

M5 (GC) NMR

Table Plot Related Compounds View
HQl ¥ Ratio | Exclude  Co DE,|ID

1| 94.09

- Chemical Structure Spectrum <auto> (MS (GC))

Ci. i
Composite Spectrum C;"m\/m \(B J

Br
b M
. 2coa 1-Propene, 1,3- — cl
1c7
059 O O@msr s o e o ‘
" | L
Cl Br
a7 Methane,
0.41 O ®mxmem o'
Br
L [

N.A. Residual Spectrum

The Composite Spectrum in the first row is a mix of two components: 1-propene, 1,3-dichloro-
(new component) and methane, dibromochloro-. The Residual Spectrum in the last row, the
difference between Extracted Spectrum and Composite Spectrum is negligible, indicating no
more components remain undetected.
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Action Result

8 | Go back to MS Expert, Hits evaluation parameters:

One can go to File > Settings menu to adjust
component hit list parameters

General Databases
Minimum Match Score: | 30 %
Match Score Method: Weighted 90% HQI, 10% Reverse HQl ~

Number of Hits: | 10

Number of Component Boxes to Show: O Al @ |20

Filter out ion chromatograms with relative intensity below: | 10 %

OK Cancel

Reference database choices

Settings = O X
General Databases
(O search All Licensed Reference Databases @ Search Selected Databases Database Settings..
Available for Searching:
Internet databases are swit... Refresh
# Reference ~ [ Name DB Code “Loc?]
# User MS - Wiley Mass Spectra of Pesticides with Retention Indices, 2nd Edition WMP3X <L
MS - Wiley Mass Spectral Library of Lipids WMLX <Li
MS - Wiley Registry of Mass Spectral Data 12th Edition WMS3X <Li
MS - Wiley Reqistry of Mass Spectral Data 12th Edition Excess Replicate ... WMSR3X <Liv
v |« >
Add All Add Remove Remove All
Selected for Searching:
Name DB Code Location
MS - Wiley Registry of Ma... WMS3X C\Users\Public\Documents\Wiley\KnowltAl\Databases saved\MS\MS - Wiley Regi...
< >
Select by Browsing...
Cancel Apply
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Action Result

9 | One can click the TIC pane INCLUDE RANGE BAR to
add peaks manually, then select Re-run Calculations to

File Edit View  Analysis License Help

perform a new analysis G - | 7i Masses > )
: Add Selected Peak to Analysis
Spectral Processing )
One can select View Component Hit List in Minelt to _ Set Baseline For Manually Selected Component ?
see Component table contents in Minelt HEET Use Manually Selected Slice As Component >
Data Remove Selected Compaonent l
Spectral Proce Rank Selected Match Highest
s View Component Hit List in Minelt
Re-run Calculations
Processlt |
Transfer to NIST MS Search.. Ctrl+Alt+N |t
r— ]
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Example 2: Evaluate Chromatogram Peak Area Under Curve Values

This is a new feature in KnowltAll 2024 release. With this capability, one can get the chromatogram AUC value per component.

Action Result
1 | Continue with the above example. £ KnowltAll Informatics System 2024, Quant
Turn off TIC check and turn on the ion m/z File Edit View Analysis License Help )
value of 78 = - - Tre Masses > |
—TIC Spectral Proces... Add Selected Peak to Analysis [
— Rasi Set Baseline For Manually Selected Component )
C1Comp. — Use Manually Selected Spectrum As Component > |
) Data i
L 44 Remove Selected Component
o Spectral Proce: Rank Selected Match Hiahest
.i?ﬂ i L e iel vid Ll sl
View Component Hit List in Minelt
Select menu-item Analysis > Peak Re-run Caloulations
ArealIntegration Processit Peak Area/Integration...

ch | Transfer to NIST MS Search... Ctrl+Alt+N

108658-REV20230911 Copyright ©2024 by John Wiley & Sons, Inc. All rights reserved.
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Action Result
L e g .
2 | Mouse over the chromatogram pane, an - i o AR R .
|
X X X J. r‘ Integral ranges can be defined and adjusted using the mouse while this dialog is open and the Peak Area/Integral Table toolbar
integration sign * occurs, one can drag and button is highlighted.

drop the mouse to define a region of AUC itegration Metfod
calculation. ® Perpendicular Drop O Tangential Skim Automatic Integration...

ID ¥ X rrun] K; [min] ¥ Raw Peak Area Norm. Peak Area Peak Heigh > FWHM [mln] -
‘ 1 18681  [19788  [11799.9199 “T100.0000 ~160672.000 loaso |

";“D P -] Edit Range... Edit Raw Peak Area... Delete Row
—N

—
100.0000 Load Ranges... Set Sum of Normalized Peak Areas... Clear All Close

R Bt D
% | 2

18 2 —_— ——

Or one can use the pop-up window to auto populate the AUC table. Tangential skim is a method to
calculate AUC and peak height for a slopping baseline.

9 | One can click the TIC pane INCLUDE RANGE i o S )
BAR to add peaks manually, then select Re- File Edit View Analysis License Help _

run Calculations to perform a new analysis ‘l=, = _er Masses >k
, Add Selected Peak to Analysis
Spectral Processing ]
One can select View Component Hit List in : Set Baseline For Manually Selected Component >
Minelt to see Component table contents in Basics Use Manually Selected Slice As Component > |
Minelt Data <
Remove Selected Component I
Spectral Proce Rank Selected Match Highest
s View Component Hit List in Minelt 3
Re-run Calculations |
P It
rocess Transfer to NIST MS Search.. Ctri+Alt+N [
e :
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Example 3: High-resolution GC-MS
GUI explanation

For accurate m/z value data, without knowing the instrument resolving power, there is no safe algorithm to automatically calculate this value. Therefore, we use
what our research considers a reasonable value by default that has a constant component and a variable component depending on mass (ppm). Empirically, this
works in most cases. Increasing the m/z value accuracy too much incurs the danger of splitting an induvial m/z value into individual mass spectral peaks that
should be considered as just one. Decreasing the m/z value accuracy too much may cause individual mass spectral peaks to be merged resulting incorrect
accurate m/z values to be reported.

Chromatogram Components vy 23X
: R : : W ATIC ~ Components

- P oo -
100 E& §§ “ ganm :;; :EE Clcomp. RT[m.. # Match Sco.. HQl RH..
& mo R [146.9340 13211 1 Ethylene, 1,2-.. 85.05 84.82 87.12
B i : I_LL H []149.0235 | 13570 @ 1 Methane oxy.. 77.19 7571 90.52
r ‘\ T é T é T 1!1 T é T é T T é T é T 1'[) T 111 T 112 T 1|3 T 114 T 1|5 T 1|6 1 [1163.0391 14468 1 FEthene, 1,1-d... 94.17 93.82 97.29
i []281.0513 1.9667 1 Cyclopenten.. 90.73 90.58 92.04
R TEE (12301094 | 38140 @ 1 Trimethylph.. 88.17 87.80 9146
38952 M 1 Bicyclo[3.1.0].. 89.58 8945 90.70
Component Profile .
6.8443 @ 1 Biphenyl 96.20 9601 97.94
e 6.9482 1 Diphenyl ether 90.05 89.99 90.56
[1Com. 70295 @ 1 Diphenyl ether 83.44 83.17 85.89
WEAT700725 | 50376 ® 1 Carbonicaci. 7093 7023 77.28
.;?;3’;20 74112 ® 1 Acenaphthene 6286 61.89 7154
69375 604 69125 6945 69475 695 69525 6955 69575 606 69525 6965 6.9675  6.57 5115_0544 72828 @ 1 Phenol 3-(1,.. 9299 5254 93.47
min 7.3261 1 3-tert-Butyl-.. 9609 9605 9647

142 0777

Raw Spectrum 1336 at 6.9482 min Input Data Resolution

170.0725

- - Extracted Spectrum 141.0700 Low Medium High
— Raw Spectrum
0 DUUTDT ¢t -uwuw 115'?5“ I
t I
\f
50 1o 150 200 250 300 a%o 400 450 500 550 . il
Reference lons(s): 170.0725
m/z
Parameters:
— Extracted Spectrum 141.0700 170-0725 Contributing lons: 170.0725 141.07
— MSX #46202; Diphenyl ether 544 ’ Energy: 730.2025
R ‘} e . . - : o Rase Peak Vertex: 837720474.6
50 1do 150 200 250 300 350 400 450 500 550
m/z Resolution: [/ Automatic
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If a user knows the instrument’s resolving power, that value should be entered in the highlighted dialog in above figure:

@ q& % % m ¢ '*t w Analysis Profiles:  <no profile>

oo

€3 WmTIC ~
100 = JComp. RT [m... Match Sco.. HQl RH.. *
Ry [148.9840 13211 Ethene, 1,1-d... 86.16 85.88 88.76

[=2]

Trichloromet... 7846 77.53 86.85
Ethene, 1,1-d.. 93.68 93.30 97.09
Cyclopenten... 90.71 90.56 92.08
Trimethyl ph... 88.06 87.68 91.43

#

1
[1149.0235 1.3570 1
1
1
1
1 Bicyclo[3.1.0].. 89.60 89.47 90.71
1
1
1
1
1
1
1

[1163.0391 1.4468
[1281.0513 1.9667

INCLUDE RANGE BAR 1220 1naa ¥ || 3.8140

BEEEE

Component Profile

[E)

Biphenyl 96.52
Diphenyl ether

aTmc 6.8448
JComp. 6
W [1]170.0726 7.0295
W [£]141.0700 7.0370

. . []77.0386 7.1106
60375  6H4 60425 6945 60475 695 6oks 6055 eobrs  6bs  eob2s 6065 eob7s 67 1150544 || 7.2828
min

o

0.01
Diphenyl ether 75.22
1,1-Biphenyl,... 68.45
Succinic acid,... 49.89
Phenol, 3-(1,... 93.01
3-tert-Butyl-... 96.10 96.06 96.49

H ®=

®|

B &

M1sa neag ¥ || 7.3261

Raw Spectrum 1336 at 6.9482 min

Input Data Resolution

- - Extracted Spectrum 170.0726
— Raw Spectrum 141.0700 Wedium
50.0151 77.0386 ”5'?“"
0 '
I ‘[
50 100 150 200 250 300 380 4bo %0 500 550
miz Reference lons(s): |170.0726 v‘
. B
~ Exracted Spectrum 141.0700 170-0726 Parameters:
 MSX #46202; Diphenyl ether 5 Contributing lons: 170.0726 141.07
QUIDL @ e I O
0 [ i S I ) o o ) : Energy: 835.6295
Rase Peak Vertex: 838432476.1
50 100 150 200 250 3bo 350 400 450 500 550
m/z

It is possible to save it as part of a profile, which can then be selected depending on the type of instrument. A user can create several profiles with different
resolution settings for different types of data (and instruments).
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Excise 1
Action Result
1| Opena high-resolution GC-MS file in the same folder
. . . ) . 00 - Exiracted Spect 170.0717
Centroid Orbitrap HiRez - James Little 1 E R"afspedrﬂf: de iiVoen
Navigate to hit list RT (MIN) 6.9482 4
of  soorsr 7o TP g oons |
50 1o 150 200 250 300

miz

100 - Extracted Spectrum
1 —WDD1X #1254, Diphenylether 141.0699 170.07147
] 115.0544
0 50.0151 77.0384 | 1:5.05&34
4 e 1850 .
VR
- '\}_ O ¥
50 100 10 200 250 300

Centroid Orbitrap HiRez - James Little.cdf % .

The m/z value of 170.0717 is slightly off for this compound.
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Action Result

2 | Check Advanced MS Expert recognizes this is a high-resolution data file and uniquely allows user to fill in resolution

Set the instrument resolution at 3 ppm, OK information or adjust resolution:

Lo Medium High

[] Advanced

108658-REV20230911 Copyright ©2024 by John Wiley & Sons, Inc. All rights reserved.
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Action Result
3 Raw Spectrum 1336 at 6.9482 min
100—< = Extracted Spectrum 170.0726
— Raw Spectrum 141.0700
sogsy 7rama 1180644
0 b [ s il } N
50 100 150 200 250 3o 35
m/z
100— - Extracted Spectrum 170.0726
1 - WDD1X #1254, Diphenylether 141.0700
500151 77.0386 115.0544
04 e i I SRR ¢ ‘
/oW
50 100 %0 200 250 ado 35
m/z

Centroid Orbitrap HiRez - James Little.cdf X

The m/z value of 170.0726 is correct. This instrument resolution set-up is persistent.
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Action Result
4 | Navigate to component TIC 7.4282 One can see MS Expert separates two components characterized by peaking at slightly different
TIC values. The m/z values are 205.1587 and 163.0394, respectively. Component 205.1587 is in
the extracted spectrum in this case.
G vox
] A
n CELT BHATC Components
100 s LT NNV @ [JComp. RT[m. # Match Sco.. HQ RH. A
LY ll [ | a ﬂ [46980 || 13211 @ 1 (B)-12-bis(chloranyethene 8153 8132 8350
4 | _'_l H [90236 | 13570 81 Tiichloromethane 7633 7530 8562
7 f 7 T )
i 6 8 0 12 14 16 Cres0se4 | 13650 B 1 Methanethiol 5396 5172 7405
min D2stosts | 1382 @1 Metnane, dichloro- §7.65 6742 85,7
oo ¥ 14963 1 (§-12bischloranyethene o541 S50 T
. Sl 1557 =1 Crloanee .
7 %\ 38140 @ 1 Tiimethyl phosphate 8820 87.8¢ 9146
/ Ny 38952 ® 1 alpha-Pinens %073 9064 9153
- // 1 Biphenyl 972 9656 9877
1 Diphenylether 9156 9150 9203
04 1 Diphenylether €7.03 8690 88.75
TN A Ttk 7 7k s 7ha rdes ks 7ds 7he | 7des 1 31,2-AZAAZONIABORATIN, 5-CYANO-.. €933 6947 7301
min 1110 & 1 Biphenyl 7244 7039 9087 ,
Raw Spectrum 1457 at 7.4282 min W
- - Extracied Spectum 2034567
— Raw SP?CUU"\ Low Medium High
1771273
1610960 754119 | 189.1274 \ I
| ! “ladvanced
Deconvoluti
o s 1ho s 1o ks 1o 185 2o 205 ===
miz Reference lons(s): [205.1537 - 163.0394 v
Match
1 - Extracted Spectrum o J< 205.1587 Parameters:
~ WOC1X#13324; Buylated hydiogyloene 1774273 2051
0 1wngooy Y v s | 189.1274 / T N ’ . Contributing lons: 205.1587
i T o ’ ’ T Energy: 670.8878
Rase Peak Vertex: A49090632
o 15 1l 115 10 185 10 105 2o 205
mz
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Action Result
5 | Expand a few component hits, for example, RT 7.4 i i gw
RT [m... # Match Sco.. HQl RH.. *
7.3261 ® 1 3-tert-Butyl-4-hydroxyanisole 96.10 96.06 96.49
74200 ® 1 Dimethylisophthalate 90.14 90.08 90.75
1 Butylated hydroxytoluene
2 Phenol, 2,4,6-tris(1-methylethyl)- 88.83 B8.72 B9.82
3 Terbutol 88.80 B88.75 89.27
4 Butylated hydroxy toluene B7.90 87.39 9247
5 Phenol, 2,4-bis(1,1-dimethylethyl}-6-methyl- 86.80 86.73 87.44
6 Ethanone, 1-(56,7,8-tetrahydro-2,8,8-trimethyl-.. 78.26 78.22 78.65
7 4,6-di-tert-Butyl-m-cresol 76.87 76.83 77.26
8 Propanoic acid, 2-methyl-3-[4-t-butyl]phenyl- 76.40 76.35 76.85
9 Ethyl 4-oxo-2-phenylpentanoate 75.38 73.99 879
10 2,6-Di-t-butyl-4-methylphenol acetate(ester) 75.18 75.11 75.83
75162 & 1 Dimethylisophthalate 76.39 75.65 83.08
7.8488 & 1 Diethylphthalate 94.54 9440 95.76
9.0830 ® 1 Caffeine 95.71 95.63 96.49
93082 & 1 Hexadecanoic acid, methyl ester 93.22 93.01 95.14
9.4719 & 1 1,4-Dibutyl benzene-1,4-dicarboxylate 95.51 95.41 96.46
9.4730 ® 1 Dibutyl phthalate 93.64 93.59 94.09
L1nn193 @ 1 Aecmatczals AE 73 0L 71 OENE
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Action Result
6 | Select Analysis > Peak Areal/lntegration " o i
Select Automatic Integration e i i
Set the parameters in the Automatic Integration pop- :
up Windgw g pop Noise Threshold: | > | %
Min Distance between Peaks: | 0. min
] Perform Baseline Correction
Preview
Close Replace
7 | Click Replace We only use a few peaks to demonstrate this feature.
Click Close button B! Peak Area/Integration Table e

Integral ranges can be defined and adjusted using the mouse while this dialog is open and the Peak Area/Integral Table toolbar
button is highlighted.

Integration Method

® Perpendicular Drop O Tangential Skim Automatic Integration... |
|
ID % X, [min] ¥ X;[min] $ RawPeakArea % Norm.Peak Area % Peak Height ¥ FWHM [min] 3
1 1716587242052 | 29.7681 4531502491.000 0.038
2 3.755 3.976 38850601.3265 6.7373 1611062009.000 0.012
3 6.798 7.919 241426061.4055 41.8668 4364758481.000 0.428
4 9.030 9619 76578221.2870 13.2798 3046922824.000 0.012
5 10.442 10.577 48139492.7338 8.3481 2860362396.000 0.013
Edit Range... Edit Raw Peak Area... Delete Row

Load Ranges... Set Sum of Normalized Peak Areas... Clear All
I

TR T TS BT
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Action Result
8 | The GC pane displays the peak integration values e
4 mETC A
[JComp.
- il arghes
] b 28 [1149.0236
Y oo Om § ° - [1163.0394
40409 i3 = E 2 [1230.1094
‘ 2% i) . E 1700717
_ | =3 s 1 []205.1587
a8 5& [1141.0699
20400 am ale g 2 @ []154.0766
1 3l E E 5 [J83.9528
; ; [182.9450
0 . I oy N o T 0 | O [J137.0420
6. ;3’73 L3 BEGT‘ 13.2798 8 JL;N (1469604
4 (E3 | it | | b [ - : . ; . [191.0545
3 ] 1 3 7 [ [ 10 1 1 13 14 15 6 [J85.9498
_ [193.0696
INCLUDE RANGE BAR 20778 Y
9 | Click Transfer to: Reportit Wikes T WiLey s Wi S —
& KnowltAll Informatics System 2023, Spectrometry Edition = -
File Edit View Analysis License Help il : 4 ~
i R it
* - -’ + Transfer to: @Reportlt Q ID Expert @Searchlt ) U] 'J - ¥
Spectral Processing  w & S = Afiiherianitocr S e
we | @LETD oM | ErET———
Data ] -

Spectral Processing

AN
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Action Result
10 | Go back to MS Expert RT[min] # Match Score HQl R.HQl DB D
. . 1.3211 1 (E}-1,2-bis{chloranyl)ethene 88.34 BB.04 90.99 WMS3X 4144
Right-mouse click the Compone_nts table and select 2 {EtLene' Li_dichm:ﬂ 86.55 86.26 89.15 MSX 3048
Copy All Component Information. One can then 3 Ethene, 1,1-dichlora- 84.14 82.84 95.9 WMSR3X 1983
paste this information to Excel or Word, etc.. 4 2,2,3-Trichloropropionaldehyde 78.8 78.56 80.92 WMS3X 56863
5 2,2,3-Trichloropropane-1,1-diol 75.53  75.3  77.6 WMS3X 88275
6 Dihydro-4,5-dichloro-2(3H)furanone 72.69 71.59 B82.61 MSX 30922
7 Propancic acid, 2,2,3-trichloro- 68.81 68.59 70.83 WMS3X 24684
8 Propanoic acid, 2,2,3-trichloro- 59.81 57.45 80.97 WMS3X 84685
9 Chloromethylmethyl sulfide 57.41 57.23 59.07 MSX 3054
10 Methyl 2,3,3-trichloropropanoate 53.98 53.77 55.85 MSX 64271
1.357 1 Trichloromethane 78.5 77.57 B6.8B4 MSX 9775
2 Methane, oxybis[dichloro- 78.48 77 91.75 MSX 56380
3 Methane, trichloro- 78.05 76.69 90.33 WMS3X 13436
4 Ethane, 2-bromo-1,1-dichloro- 69.34 63 8141 WMSD3X 330
5 Ethane, 1,1,2,2-tetrachloro- 68.51 68.31 70.3 WMSR3X 13033
6 1,1'.3-trimethyl-3,3-biindolin-2-one 67.98 65.35 91.65 WMSD3X 1193
7 Methane, dichloronitro- 67.11 65.71 79.7 M5X 14617
8 M,MN-Dimethyl-2H-pyran-2-iminium chloride 64.16 62.24 B31.49 WMSD3X 215
9 Ethane, 1,2, 2-trichloro-1,1-difluoro- 63.71 62.79 71.85 MSX 42934
10 M-{Phenyl MIDA boronate-4-yl)-5-methyl-5-phe 63.11 59.87 92.28 WMS3X 576845
1.4468 1 (E)-1,2-bis{chloranyljethene 93.9 93.52 97.26 WMS3X 4143
2 Ethene, 1,1-dichloro- 93.88 93.5 97.28 MSX 3048
3 (E}-1,2-bis{chloranyl)ethene 93.86 93.48 97.32 WMS3X 4144
4 Ethene, 1,1-dichloro- 92.61 91.89 99.11 WMSR3X 1983
5 2,2,3-Trichloropropionaldehyde 81.63 B1.34 B84.21 WMS3X 56863
6 Dihydro-4,5-dichloro-2(3H)furanone 81.56 B81.04 86.23 MSX 30922
7 2,2,3-Trichloropropane-1,1-diol 77.78 775 80.3 WMS3X 88275
8 Propanoic acid, 2,2,3-trichloro- 76.16 75.88 78.67 WMS3X 84684
9 Propanoic acid, 2,2,3-trichloro- 68.17 66.78 B80.63 WMS3X 34685
10 Chloromethylmethyl sulfide 65.61 65.46 66.99 MSX 3054
1.9667 1 Cyclopentene, 3-methyl- 90.7 90.55 92.08 MSX 1382
2 Cyclopentene, 1I-methyl- 90.19 90.07 91.25 MSX 1367
3 Cyclopentene, 4-methyl- 89.11 8B.84 91.55 WMS3X 1919
4 Cyclopentene, 4-methyl- 89.05 B88.94 90.1 MSX 1389
5 {2),(2)-2,4-Hexadiene 27.84 87.69 89.17 MSX 1356
Note: component Area% column is exported but removed from the above Excel display
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Excise 2
Action Result
1 | Open another high-resolution GC-MS file in the same Add Selected Peak to Analvsis i
folder AOQ 5 Cled L natys. |
_ _ Set Baseline For Manually Selected Component > |
OBAN 14 JEOL HiRez - James Little Use Manually Selected Slice As Component > [
Right-mouse-click the TIC pane Zoom Okl ‘
7 Ju |
Choose Horizontal Zoom or Box Zoom mode ; View Default Region Ctrl+1 !
E View Entire Spectrum Ctrl+0 |
¥
I Selection Mode Ctrl+L §
*  Horizontal Zoom Mode Ctrl+R
Box Zoom Mode
Pan Mode Ctrl+M
Copy
Edit Properties...

2 | Zoom to region 24 — 26 min (3 tiny peaks):

200000

150000+

100000~

50000~

]

20 241 2d2 43 2da 25 T 2de T 247 T 2ds 249 5 251 252 283 254 | 285 296 257 258 250
min
INCLUDE RANGE BAR

BEEATIC A
[JComp.
[145.0339
[146.0414
[188.0517
[143.0183
[141.0390
[143.0547
[1101.0598
[]281.0512
[142.0105
[155.0546
[73.0287
[160.0207
[J57.0701
[170.0415
[J39.0235
[]42.0468
[161.0285 ¥

We have two issues here: first, tiny peak was not picked up for analysis; and second,

component was assigned to baseline.
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Action Result

second issue.

Check off Automatic under Deconvolution and move Coninodsing Inime BEEGTT S1LOS9
the Sensitivity bar to High Energy: 24.2405
Base Peak Vertex: ?146981.7

Resolution: [] Automatic

Low Mediuwm High
Sensitivity:

Peak Shape Requirements:
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— ‘Components. vax
B [ER Components
[CIComp. RT [m. # Match Sco.. HQl RH..
(450339 || 15.4909 ® 1 Octanoic acid 9807 9807 98.07
[200000:] [J460414 | 155692 ® 1 Hexane, 2.3-dimethyl- 7669 7505 91.44
[J8s.0517 16.7976 @ 1 Tetradecanol <n-> 97.62 97.51 98.65
. 178032 ® 1 Palmitate <ethyl-> 9467 9446 9659
150000 180233 ® 1 1.2-Decanediol 4812 47.49 5381
180304 % 1 n-Decanoic acid 9823 9822 9829
181300 @ 1 Ethyl 9-hexadecenoate 8863 88.58 89.09
100000 12810512 || 192240 © 1 Hexadecanol <n-> 9655 96.54 9664
120105 || 192284 © 1 Cyclotetradecane 95.29 95.22 9591
| 55,0546 204834 ® 1 [1-(N-(Ethoxycarbonyhamino)cyclopropyl]-meth... 5472 51.95 79.59
50000 730087 || 204920 © 1 Dodecanoic acid 914 96.12 9638
0207 || 228085 & 1 MYRISTIC ACID 9212 9199 9322
Nl - Os7.0701 = 2
ol Drooats || 254155 @ 1 10-Undecencic acid 7493 7449 7885
2 241 242 243 2da 205 e 247 248 251 252 283 ' 234 235 256 257 = 258 259 [139.0235 U2U0LE  Cycuatetiaiorans, acticiethyt: a3 IRa5 0. 9189
Dzosss | 342515 © 1 2244668 heptamethyi-1357.2468-tetraoka.. 6423 6272 7164
lovoss || 342659 8 1 Cydotetraslonane, octameth- 933319097 3807
R I 3574 at 25,0187 min. 342919 ® 1 3-Thiophenecarbonitrile, 2-amino-5-(2-naphthal... 67.94 65.57 89.34
0 410 eocar oo - Extracted Spectnum Input Data Resolution
= Raw Spectrum
tow wedum o
1290011 26,2400
ss1013 2131848
| | srors 1150784 Jaatogs 1571228 ATAA0 1851536 1ag 60 227.2008 rrsuss
o4l If4 \[.. L L L | 3 | | b { 1 Cladvancad
Deconvolution
[ ontributing 1ons:
| " g lons: 60,0207 55,0546 67.0546
) & & £ £ T % £ 2% P 2% B 0| |Energy. 107108
miz Base Peak Vertex: 196006
1004 41030 00207 ~ Extracted Spectm
720287
‘ ~WNP3X #1236, Hexadecanoc acd 0> || g ion. Dlastometic
1290911 256.2400
851013 2139848
1 ‘w‘ i e st T g o g g Y s i maam | X =
| [ O~ » Sensitivity:
g } - L
) 6 EY 160 120 110 180 180 2% 250 250 280 250 2 = il
miz Peak Shape Requirements:
‘OBAN 14 JEOL HiRez - James Little.cdf X I v

Tip: Sometimes, there are too many GC peaks crowding the GC pane. One can control how to display by using File > Settings to set preferences:

Settings - [m] X ‘
General Databases

Minimum Match Score:

Match Score Method: Weighted 90% HQI, 10% Reverse HQI ~
Number of Hits: | 10 |2

Number of Component Boxes to Show: O All @ |20

[IFilter out ion chromatograms with relative intensity below: 0 %

Cancel Apply
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Manual GC-MS Analysis

How to Use KnowltAll Processit Perform Manual GC-MS Analysis

Purpose

These exercises demonstrate how to use KnowltAll Processlt manually analyze GC-MS.

Objectives

These exercises will teach you:

» How to use KnowltAll Processit.

BaCKg round Training Files Used in This Lesson
. e  C:\Users\Public\Documents\Wiley\KnowlItAl\Sa
The KnowltAll Processlt software reviews GC-MS data and, allow a user to control spectral mples\GC-MS\Barbiturate GC-MS.d

subtraction. Subtracted spectrum is searched for matches in reference data.
KnowiltAll Applications Used

e  KnowltAll Processlt
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GUI explanation

GROUND RANGE BAR
EETIC A
o
100 a ? T . 156
| f | 1‘ O
| |- : s
I I I Il 67
50— | [ [ i' |‘ | \ 41
[ M| [ Qs
[ | ¥l ] | bl os7
\ / !
S I VU S P ool Naiar e —— Oz
i 1277 14 T4 18 2 22 ' 24 | 26 = 28 3 32" 34 36 38 42 44 46 48 5 52 ' 54 56 58 [ s
B D3a_
| AVERAGE RANGE BAR B
Raw Spectrum 1 at 1.0867 min
100~ =
50+
m
32
3
T T ‘ T |
2 27 78 7 30 B 32 33 34 35 37 38 30 40 4 4 43 )
miz
Extracied Row Spctrum
o i it # Match Sco.. HQl RH..
1 Barbital 9476 9476 9479
] g H & 2 2.46(1H,3H,5H)-Pyrimidinetrione, 5,5-diethyl- 88.37 87.14 99.47
o " i & . N A 3 Hexethal 86.07 8558 90.50
g ‘['l '. ,‘fl 5|3L 'Bﬂ 80 “l o I l i ‘ \ t&H 4 2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-ethyl-5-(1-methylb... 85.59 8528 88.34
J ‘“\”/ 5 24,6(1H,3H,5H)-Pyrimidinetrione, 5-butyl-5-ethyl- 85.56 85.19 88.87
== 0 6  2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-ethyl-5-(1-methylp.. 84.89 84.89 84.89
7 Probarbital 8151 8151 8153
8  Amobarbital 7891 7890 7893
! F E 4 50 ) 70 80 90 180 1o 130 130 1do 130 180 1ho 1o "9 Probarbital 7867 77.56 8867
milz 10 Barbituric acid, 5-ethyl-5-pentyl- 7499 74.22 81.95
MASS CHROMATOGRAM miz RAl
 Barbiturate GC-MSd %

The bottom spectrumPane holds
e Selected MS, defined by left mouse clicking or

e Selected MS — background (red bar in GC pane), defined by clicking the mouse on the bar, drag and drop
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e Average MS (green bar in GC pane), defined by by clicking the mouse on the bar, drag and drop
e Average MS (green bar) - background (red bar)

The Matches table are database search hit list for the selected MS.
The selected MS can be transferred to Searchlt application for spectrum search.

The area under curve (AUC) and peak height values for the ion chromatogram can be calculated by using the Analysis > Peak Areal/lntegration menu-item.
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Example: Processlt MS

[Jimported spectrum is

- BARBITL

JRATE MIX

ittt b b

Action Result
1 | In Processlt, click Open Data File button & Open 5
Navigate to _ Lookin: [ 1 GoMs ] @ cm@m-
“C:\Users\Public\Documents\Wiley\KnowlItAl\Samples\GC-
MS” % Name Date modified Type
. B Structure 5 - Secobarbital 10/11/2021 10:15 ... DSF File
Select Barbiturate GC-MS.d Quick access : :
£ Structure 4 - Pentobarbital 10/11/2021 10:15 ... DSF File
Open Val B stiucture 3 - Amobarbital 10/11/2021 10:15 ... DSF File
Desktop B Structure 2 - Butethal 10/11/2021 10:15 ...  DSF File
— & Structure 1 - Barbital 10/11/2021 10:15 ... DSF File
m | ] Barbiturate GC-MS.dr 11/3/2021 2:221PM DR File
Libraries || Barbiturate GC-MS.d 10/11/2021 10:15 .. D File
This PC
$ - >
Network File name: ‘ ~ ‘ | Open
Files of type: AllFiles (~.*) ~ Cancel

\ Data is 2D, only the TIC is shown.
| 1l

Encoding: | <default>

) 25 3 3’5
min

6
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Action

Result

2 | Click a peak in chromatogram pane (top pane)
bottom pane:
Processit

You would see that the corresponding MS and hit database search results are reflected in the

@ U - Display M Level:

LRAES o

bt L6 I 2l g DR

BACKGROUND RANGE BAR v
Raw Spectrum 135 at 2.3778 min

Raw Spectrum 262 at 36020 min
1004 -
504
2 “

100-

Match Sco.. HQl RH.

Barbital 9327 9324 9348

- 24601134 5H)-Pyrimidinetrione, 5 5-diethyl- 8513 8354 9943

w - Hexethal 8488 8422 %078

“" o’ % ‘ : Ni 24,6(1H,3H,5H)-Pyrimidinetrione, 5-butyl-5-ethyl- 8361 83.13 87.93
I

5 2.46(1H3H5H)-Pyrimidinetrione, 5-ethyl-5-(1-methyl... 8313 8268 87.15

Probarbital 7932 7928 7961

Amobarbital 7137 7135 7155

Barbiturate GC-MSd X

Probarbital 7537 7396 8804

1
2
3
4
5 246(1H,3H,5H)-Pyrimidinetrione, 5-ethyl-5-(1-methylpr... 8342 83.42 83.42
6
7
8
9
1 7212 7115 8087

0 Barbituric acid, 5-ethyl-5-pentyl-
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Action

Result

N .

3 | Define average spectrum range

e  Click the top (green) bar N

e Dragand
e Drop

x
& Y fo isplaymstevet - (I3 |l [ + L R b g ]
BACKGROUND RANGE BAR
manc ~
! . ? :
i O
I Oes

Define background spectrum range
e  Click the top (red) bar ]
e Dragand o]

Drop T 1

2

MASS CHROMATOGRAM miz RANGES.

Barbiturate GC-MSd X

= + Match Sco.. HQI RH.
1

iw 1 Butethal 9306 9281 9528

| 2 246(1H3HSH)-Pyrimidinetrione, 5-butyl-5-ethyl- 8907 8817 9722

7 o s & 3 246(1H3H SH)-Pyrimidinetrione, S-ethyl-5-(1-methylpr.. 8694 8852 89.09

o L% 8 e ) © 8 “ " 125 ; - 1|4 Butabarbital 8747 8666 9479

t o ¥ _o 5 246(1H3H SH)-Pyrimidinetrione, 5.5-diethyl 8669 8652 8817

6 Amobarbital 8190 8188 8202

R N 7 Pentobarbital 8179 8158 8376

& 8 2.4,6(1H3H5H)-Pyrimidinetrione, 55-diethyl 8064 78.93 96.02

% ) 50 0 7 ) % 1bo 1o 130 130 40 150 160 110 1o 9 Hexethal 80.11 7915 8875

miz 10 Probarbital 7933 7920 8049

The database search result is default to display, however, one can turn off this by Process >

Search Extracted MS Spectrum for Database Matches menu-item.
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Example: Transfer to Searchlit

Action Result

1 | Click Transfer to: Searchlit B knowltAll Informatics System 2023, Ana

Vv

- - - Transfer to: < Reportit Q ID Expert ﬁSearchlt
Spectral Proces.. ~ » Processit

Basics | & L’.ﬁ"—'{& ft *? EM.@L'@
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Action

Result

2 | In Searchlt, one can perform various MS spectral
searches.

Check off Adaptive Search

Make sure all licensed databases are selected in User-
Select

Search

Searchit
[) @ By I search Profiles: <no profile> - B N+ m@ 2 lg e M iy
5 Number of components: ~Search Method:
Search Categories P
1 (Single) ~  Dot-Product (Cosine) . [JAdaptive Search u /z. Q

Spectrum MS (GC)

O Spectrum
O Peaks
0.8
O Structure g
06—

O Property/Name

Search Databases | |y,

[JReverse Search

Advanced Settings...

@® User-Select 4 @
s 29 55 .
O All Compounds 7 30
43
53 69 12
O Pure Compounds 67 8 167 14
2 21 | ‘\ 51 0% % 126 i
% 30 40 0 60 7 80 % o o ko T ke T o o ho 1o
miz

INCLUDE RANGE BAR

The above is an expected hit.

Hit List Size Limit: 50 DA Hits
3 - - TE MIX, Average Spectrum (38228 - 3.9353) min-- ST EUTE U ]
0.5
o H Ly u‘h T \ . | - .
0. o]
05
HNYNH
o & & 180 1k tho 1% 1ho 2o * o
m/z
MS (GO
Table  Plot | Related Compounds View All Properties Attachments Preferred Properties Substructs Sel. Substructs Original Data Files
Hal RHQI | Tag|DE,/ID_ /N | spect to> (MS (GO ~ A
e e e AT SRR O Name Value
... .. Name Butethal
e
1 95.21 . -
. CAS Registry Number 77-28-1
e i Ll G P Lo -
2,4,6(1H,3H,5H)- Classification Barbituric acid derivatives
2 8202 8919 IMS3 165485 Pyrimidinetrione, 5- Database Name NIST20 - replib
ethyl-5-(1- abaa o ; Estimated Kovats Retention Index 1750
24,6(1H3H5H)- Exact Mass 212.116093 u
3 8830 9734 MSR: 18542 Pyrimidinetrione, 5-
butyl-5-ethyl- 1 ) . Formula CiohheN203
Inchi InChl=15/C10H16N203/c1-3-5-6-10(4-2)7(13)11-
4 8722 9487 MSX 89606 Butabarbital I 9(15)12-8(10)14/h3-6H2,1-2H3,(H2,11,12,13,14,15)
< >
[ - . v
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