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Mass Spectrometry - 2 H

Mass Spectrometry Spectral Searching

How to Perform a Mass Spectrometry Spectral Search

Purpose

This exercise demonstrates how to perform a Mass Spectrometry spectral search.

Objectives

This exercise will teach you:

» How to perform a straightforward search

» How to perform a reverse search
» How to complete a mixture analysis
» How to perform an adaptive search (similar compound search)
» How to perform simultaneous multiple MS spectra search
Background Training Files Used in This Lesson

Spectral searching against reference databases is frequently used in the analysis of
unknown compounds. KnowltAll has full-featured MS spectrum comparison tools for
this purpose.

In C:\Users\Public\Documents\Wiley\KnowlItAl\Samples folder

KnowltAll Applications Used

\MS\1,1,1-Trichlorobutane - Adaptive Search demo
\MS\2-Hydroxybenzoic acid

\Mixture Analysis\MS Examples\MS Mixture of Two 1
\Mixture Analysis\MS Examples\MS Mixture of Two 2
\Mixture Analysis\MS Examples\MS Mixture of Three
\GC-MS\Barbiturate GC-MS.d

\Mixture Analysis\MS Examples\Components.SDBX

Searchlt
Minelt
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Algorithms

Journal of
Research article SPECTROMETRY
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Evaluation of mass spectral library search
algorithms implemented in commercial
software

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

M5 SEARCH Compaosite algorithm Spectrum search type — identity (normal)

Ny (Z w'—'w”)z ) [Z (R_L-) "] Presearch — default

Y wizw

5=

N + Nus
Dot-product algﬂrithnzm Spectrum search type — similarity (simple)
(Z WL'WU) Presearch - default. .
5= = Included Libs - MainLib
Wi ) Wi

Included Libs - MainLib
Apply limits — unchecked
Use constraints — unchecked

Apply limits — unchecked
Use constraints — unchecked

A. Samokhin, K. Sotnezova, V. Lashin, |. Revelsky. Evaluation of mass spectral library search algorithms implemented in commercial software. Journal of Mass

Spectrometry. 2015, 50, 820-825.
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H KnowltAll Training Mass Spectrometry - 4 H

Searchlt
D W Search Profiles:  <no profile> = E@ 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

Search Methods:
e Dot-Product (Cosine): second equation in above figure

e Wiley Dot-Product (Cosine): the 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 figure
e Composite P3: first equation in above figure
P1 and P3 are different by the power applied to the weighted intensity of peak.

Optimized Corrections:

e Mass Defection is the difference between a compound's exact mass and its nominal mass. It is automatically applied for a MS search. Examples:
o For hydrocarbon compounds, when m/z value is over 500, use 0.99888.
o For polybrominated compounds, when there are more than 5 Br atoms and m/z value is over 800, use 1.00087.

e Spectral Skewing is caused by analyte’s concentration changing during scan. A linear compensation factor (positive for ascending or negative for
descending slope) is calculated for each search match. This factor corrects the intensities as follows:

I(corrected)=I * f * m,

where I=intensity, f=OC factor, and m=m/z value
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Straightforward Search

Action

1 | Open the KnowltAll Searchlt application by clicking its
icon in the KnowltAll application.

Check Spectrum and navigate to
C:\Users\Public\Documents\Wiley\KnowItAI\Samples\MS
folder

Select the file 2-Hydroxybenzoic acid.
Click Open.

Ensure Adaptive Search or Reverse Search is
unchecked.

Result
Searchit x
0% &
Search Profiles: <no profiles - BE
k + [0 & “ &

Number of components:  Search Method:

Search Categories
1 (Single) Dot-Product (Cosine) {8 Optimized Comactions Accurate Mass Search ‘Adaptive Search Reverse Search Advanced Settings.

B Spectrum MS (GC)

Spectrum
14 120
Peaks

CE
Structure i
0.8+
Property/Name i
; 074
ASforlD i

Search Databases 05

] 128
© User-Select 1
05
All Compounds E
0.4
Cor o 3
03
0.2+ 64
“ 38 63
0.1 85
38 a6 s
i 53 55 62
. 27293 o M %P 0 66 60 7a7s ™
) E) ) 0 €0 ) ] % 180 1lo 120 130 “ilo

miz
INCLUDE RANGE BAR

elimit; 50 [3 AllHts  Display Profiles

Search

Note: in KnowltAll 2025 release, one can perform accurate mass search in addition to the default unit
mass search
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Action Result

i - Searchit x
2 | Click User-Select. - S— e

Search Categories Available for Searching:

Use Remove All to clean selected databases.

Psp M (Ge) | Memet dotabasesare swit.. Limit o spectral techmique: M5 (GO Refresh Advanced...
# Reference ~ | Name DB Code Location L
O spectrum p User MS - Maurer Pfieger Weber-Mass Spectral and GC Data of Drugs, Poisons, Pesticides, Pollutants, .. WMPWSX  <Latest Version>
Use Limit to spectral teChnique to select MS (GC). 4 Hit List MS - NIST EPA NIH Mass Spectral Library 2020 MSX <Latest Version>
MS - Sadtler NIOSH Pocket Guide to Chemical Hazards Compounds - Wiley NSX <Latest Version>
[ Peaks Ms - SWGDRUG Mass Spectral Library - Wiley SWGMSX <Latest Version>
MS - Wiley AAFS Toxicology Section Mass Spectra of Drugs AFX <Latest Version>
Use Add All to add all MS (GC) databases B MS - Wiley Androstanes, Estrogens & other Steroids MUX <Latest Version>
) [ Structure MS - Wiley Drugs MDX <Latest Version>
MS - Wiley Geochemicals, Petrochenicals & Biomarkers MGX <Latest Version>
MS - Wilay Indiistrial Chemicale MTY <! atact Varsinn s i
Click Search. L Propety/Name i :
dd Remove Al
Search Databases
Selected for Searching:
e Seect Name DB Code Location A
2 MS - Maurer Pfleger Weber-Mass Spectral and GC Data of Dr... WMPWSX C\Users\Public\Documents\Wiley\KnowltAINDatabasesWISWMS - Maurer Pfleger Weber-GC.
© All Compounds MS - NIST EPA NIH Mass Spectral Library 2020 MSX CaUsers\Public\Doc ley\KnowltAIND: - NIST EPA NIH Mass Spectra.
MS - Sadtler NIOSH Pocket Guide to Chemical Hazards Com. NSX C:\Users\Public\Doc \KnowltAIND: \ Sadtler NIOSH Pocket Guid.
O Pure Compounds MS - SWGDRUG Mass Spectral Library - Wiley SWGMSX Ci\Users\Public\Documents\ noWItAIND SMSWMS - SWGDRUG Mass Spectral Li
MS - Wiley AAFS Toxicology Section Mass Spectra of Drugs  AFX C\Users\Public\Dox \ nowltAINDat - Sadtler AAFS Toxicology Se
MS - Wiley Androstanes, Estrogens & other Steroids MUX CAUsers\Public\Doc \ VItAINDatabas S - Wiley Estroge... v

Select by Browsing.

Hit List Size Limit: 50 (31 [CJAIl Hits

26-Diaminohexanoic acd hydrochlonde X
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Action Result

Ll A target from a database is found.
Click the Butterfly view icon to place the unknown g

and reference spectrum in the opposite Y-direction.

Minelt x
D@ P =B BB P N oo campone pubChem
z = o) Lhob ol T i ok L =
Display Profiles: _ <no profie> - EE@ I R URESEN. 1 I IV M;&:m%ﬂlﬂzz 2 b Jufabt| & AT
Structure/Properties vax
id, 2-hydroxy
o
o o}
— °
T pr T pr T T T =
20 30 40 50 60 7 80 20 160 o 120 150 40 All Properties Attachments Preferred Properties Substructs Sel. Substructs Original Data Files
JHa Name Value A
™S (GO) Name Benzoic acid, 2-hydroxy-
Table Plot Retated Compounds View Alternate Name(s) 2-Carboxyphenol
Hal  V/RHQI . Tag. DB, ID Name Spectrum <auto> (MS (GO)) A j':vj'cxv::@"luu acid o
T -Hydroxybenzenecarboxylic ac
: [ a5 |Benzoic add, 2 2-Oxidanylbenzoic acid
? | hydroxy- l 1 Acido o-idrossibenzoico
1o 4 Acido salicilico
Benzoic acid, 2- Acidum salicylicum
2 96.43 97.53 MSR: 4 (acetyloxy)- Advanced pain relief callus removers
4 |} Advanced pain relief corn removers
Benzoic acid, o-hydroxy-
3 8872 9413 MSX 95881 Fosfosal Clear away wart remover
i { | Component of Fostex medicated bar and cream
PRt Component of Keralyt
4 a7 8394 MSX 55164 hydroxy- i Component n::mmmms first aid spray
methylethyl ester | | E"ml’“"‘:‘"‘: inver
‘ompoun
" . Salicylic acid, tert.-butyl Domerine
2 829 | 821 MSX 69351 qrer I Dr. Scholf's Calius Removers v
olle >

Hits are initially sorted by the Hit Quality Index (HQI). Reverse Hit Quality Index (R.HQI) is also
calculated for each reference spectrum.
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Action

Result

4 | HQI (Hit Quality Index)

The HQI value measures how close the reference spectrum is to that of the query. The default scale of
HQI is 0-100. You can change the scale from Minelt > File > Preferences > Hit List.

Advanced Settings x
PubChem Data Import NMR Multiplet Report
Auto Property Compute Property Display Hit List

3 Display hits from a search performed on the network from the
— corresponding local database (if it exists) to enhance performance

Hit Quality Index Format:
O sadtler (best = 999, worst = 0)
O Best = 0, worst = 1.4

® Best = 100, worst = 0

Cancel

Note: Reverse Search ignores peaks that are in unknown but not in reference. One scenario is that
the unknown spectrum might be a mixture and the reference spectrum might be a component.

Note: one can view the metadata of query spectrum by
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View License Help
*  Absorbance

% Transmittance

X-Axis Format &
Active Peaks Ctrl+K
All Peaks Ctrl+Q

i ¥ Standard Toolbar
+ v Spectrum Toolbar
~  Status Bar

e View > Query Spectrum Info  |__auery spectrum info in Searchlt and

View Database HitList MS Tools NMR Tools Window License Help
Expert Searchit % QC Expert <>Processlt

Absorbance

! % Transmittance

Edit Mode

Display Mode >

Auto Scale Mode >
: X-Axis Format >

Spectrum Overview Pane

1 Peaks >
| Integrals
|
Toolbars >
Windows/Tables >

Implicit Hydrogens
Assignment Information >
v Stereochemistry

1

" 4000 ' 3800 = 3600

e View > Windows/Tables > Query Spectrum Info

Lookup Compound:

A b [l e i o PR 2 0 b ]

¥ Spectrum Pane

¥ Structure/Properties Table
Peak Table
AUC/Integration Table
Coupling Data Table
Search Parameters Table
Search Overview Pane

Alt+6
Alt+3
Alt+2

Alt+5
Alt+7

Query Spectrum Info

in a Minelt hit list.
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Optimized Corrections

Action

1 | Go back to Searchlt.

D

Click Spectrum and navigate to
C:\Users\Public\Documents\Wiley\KnowItAINSamples\MS

Click to start a new search.

Select the file Mass defect correction example Click
Open.

Click OK (use the default MS 17108)

| Please select the MS
| spectrum/spectra to import:

Slice #
17090
117091
117092
[J17093
17094
17095
117096
17097
[J17098
117099
17100
0101
17102
17103
117104
17105
17106
017107 64.9683
&117108 64.9714

< >

Location [min]
64.9162
64.9193
64.9223
64,9254
64.9284
64.9315
64.9346
64.9377
64.9407
64.9438
64.9468
64.9499
64.953
64.9561
64.9591
64.9622
64.9653

Spectrum import mode

~

@) Import MS spectrum/spectra

O Import chromatogram

Result
Minimum Intensity: | 17.2 = % Pick
Minimum Peak Intensity
a Il . A | | | Ll | i
20 30 4 60 70
min
206.9 !
73
281 H
319 147.1 i
340.9 1
91 4148 i
Shduda il A dil o gl 2o G‘r’f"n H
abo 200 ade v T _sbo " ebo_ " 7do T sbo_ T alo
mlz ]
Time of current scan:  75.5217 min
0K Cancel
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Action

Result

2 [ Optimized Corrections for MS spectrum is default to be
checked.

[v] Optimized Corrections

Click Advanced Setting button

Advanced 5ettings...

Click OK to close this dialog

Click the Search button

One can see that Mass Defection (the difference between a compound's exact mass and its
nominal mass) is automatically applied. Many other criterion, such as Spectral Skewing

(analyte’s concentration changing during scan), can be applied by users choice to improve a
search.

Advanced Settings .
Optimized Corrections Remove Duplicates
[] Enabled Remave Replicates

[]Spectral Skewing

Mass Defect Correction

[]Manual Mass Defect Correction: 1 i

[“] Minimum Required Peak Count: |5 =
(I Minimum Abundance:

I Minimum m/z;
Set As Default
(I Maximum m/z:

For adaptive searches, if mass of 200 ] u Reset To Default
query is unknown, maximum Am:

0K Cancel
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Action Result

- 2018HDWF53, Raw Spectrum 17108 at 64.9714 min (Corrected)

084
06

0.4+

| |
0 b P TR A P R IO PR R | " A " L L A b
29 6979 222 263 308 331 347 54, 381 403 423 443 459 479 493 535 575 599 605 631
] 1743 | 159175 | 208 T 237 253 201
147

o
024 4
191

662
318

1 647

50 100 150 280 250 3do %o abo 450 580 550 600 650
count

We can see analyte MS and reference MS are perfectly aligned at m/z 662.

4 | Go back to Searchlt % - 201BHOWFS),Raw Speckum 171083164 6714 min Corected)

08—

Check off Optimized Corrections -

Search again tay

1 |
0 L ‘ bl ek bl ke A - > 1 . i L I ‘;
29 6979 222 263 308| 331 347 381 403 423 443 459 479 493 535 575 g9q 606 631
159 175 | 208 237 353 ™ b
7

17 43¢ 291
91 14

0.2 4
191

662
316

50 160 150 280 250 ado 350 abo 450 500 550 6do 650
count

At high m/z range, analyte peaks and reference peaks are not aligned nicely.
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Reverse Search

This search ignores peaks that are in unknown but not in reference

Action

Result

1 | Go back to Searchlt

0

Click Spectrum and navigate to
C:\Users\Public\Documents\Wiley\KnowItAl\Samples\Mi
xture Analysis\MS Examples folder

Click to start a new search.

Select MS Mixture of Two 1 to open

Check Reverse Search.

Searchit

D& & Search Profies: <

Search Categories

£ Spectrum MS (GC)

[ spectrum
Peaks
Structure

Property/Name

Search Databases
® User-Select
© All Compounds

© Pure Compounds

@l

[CAdaptive Search

EXCLUDE RA

257

239
227

""250”"150""

INCLUDE RANGE BAR

i '350' o -469' o -4%6]- o .560‘ o :lglJ o

[ Reverse Search Advanced Settings...

38

2 | Click User-Select button

Use button Remove All to clean current database
selection

Then, use Select by Browsing button to add the
example database:
C:\Users\Public\Documents\Wiley\KnowlItAlN\Samples\Mi
xture Analysis\MS Examples\Components.SDBX

Search
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H KnowltAll Training Mass Spectrometry - 14 ”

Action Result
3 | In Minelt, make sure that Subtract View (circled) is Minelt
selected. b & By By 4 k‘? Lookup Compound;
Display Profiles: <no profile> - E
In the spectrum pane, the first row is the unknown, the 4+ LWL & o eifg e M?‘c&*i ﬂuﬂ&.‘ﬁ{ 2 b du[al e A AT
last row is the reference spectrum, and the middle row is E
the dlﬁerence between the tWO ] — MSMixtu #1; Mr - 50% Methyl isocyanide + 50% Behenyl palmitate
| \“ Jn\ ‘\IM‘L ‘.\M.‘ ‘ﬂ\.h.‘n‘n-‘ B R R AT “I N
Difference SpeTum
J I u‘h \\‘h \‘M‘. .‘LM Ll i ‘L
= Compone #17; Methyl isccyanide
|
) “5'0 100 150 200 230 300 350 abdo 450 560 580
miz
MS (GC)

Table Plot Related Compounds View
RHal ¥ HQl . Tag | DB~ |ID . Name

1 987.99 57.44 mpo Methyl isocyanide

I

2 978.24 970.04 mpo. 21 Behenyl palmitate } ‘
F PPFITEFE B
3 673.90 292.00 mpol 7 2-Isononenal ‘H
P [ 1
4 665.67 397.04 mpol 1 (Z)-11-Tetradecenal ‘ ‘ 1

The hits are initially sorted by the Reverse Search HQI (R.HQI).
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Select All Deselect All

Action Result
4 | Transfer spectra in spectrum pane to Searchlt using Import of Multiple Specra %
the Transfer to: menu at the top of the application.
Please select the spectra to import: 084 - Difference Spectrum
Select to transfer only the Difference Spectrum. Click [JCompone #17; Methyl isocyanide _
OK. [&lDifference Spectrum 07 ]
[ IMSMixtu #1; MX1 - 50% Methyl isocy o
When prompted by Searchlt, choose Start a new E
search. 0.6
054
0.4
0.3
024
0.1
ﬂjﬂdﬂtm i 1 L l i \
200

-6 " Moo
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[ Spectrum MS (GC)

EXCLUDE RANGE BAR

[ Spectrum
pectru N o
[ Peaks 1
287
08
[ Structure
“ Bl a7
[ Property/Name 06 "
Search Databases
04
1m
® User-Select ]
O All Compounds 0.2 128
138
§ 207
O Pure Compounds 1 153 238
s a8
R T T T R " TR T

Summary

INCLUDE RANGE BAR

Hit List Size Limit: 50 2 Al Hits

Action Result
5 | Click Search. Searchit -
O @ O 5 seorch Profies: <no profie- - W K + (L] o W i
Search Categories Number of components: Search Method:
1 (Single) ~  Dot-Product (Cosine) ~  [Adaptive Search [4] Reverse Search

Advanced Settings..

b

TR
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Action Result

- Difference Te trum
i

L i ._\\M._‘ .i‘u..‘ .‘

Difference Spectrum

T

I
-

- Compone #21; Behenyl palmitate

MS (GC)

Table Plot Related Compounds View

RHaQl ¥ HQl

1 991.32 991.32 Behenyl palmitate

2 680.09 449.83 mpo. 38 Octatriacontane I|‘|
1.

A second component is identified.

Notice that the Difference Spectrum is empty, which means there are no more components.
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Mixture Analysis

A mixture wherein two-component MS spectra have limited overlap, and one of them has a large MS range

Action

Result

1 | Go back to Searchlt.

Start a new search by clicking
Select MS Mixture of Two 1.

Ensure Reverse Search or Adaptive Search is
unchecked.

Use the drop-down menu to set the Number of
components to 2.

Search Categories

Spectrum MS (GC)

Number of components: Search Method

2 (Mixture) | Dot-Product (Cosine) ~  [JOptimized Corrections

Advanced Settings...

EXCLUDE RANGE BAR
O Included Components “ . tethyl isocy . . .
1
[ Excluded Components

0.8+ 87

[ Structure
267

06—

[ Property/Name
kAl a7
8
Search Databases 0.4
® User-Select m
- 0.2
O All Compounds 118
139
207 564
A 153 471188 239
O Pure Compounds 15 2_3 W T jﬁ 199 | 2o | w38 ”_1
[ % 100 1o 20 250 ado ko ado ako 580 580
miz
Summary INCLUDE RANGE BAR
Hit st Size Limit: 50 =] [JAllHits  Display Profiles: | <no profile> ~
MSMixtu #1; MX1 - .. .enyl paimitate X
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Action

2 | Click on User-Select.

Click Search.

Make sure Components database is selected to use.

Searchit
0 |E| Ssarch Profles:  <no profie>

Search Categories | Avalable for Searching:

4 Spectrum MS (GC)

5 Reference
1 Spectrum i Liser
4 Hit List
O Peaks
O Structure
1 Property/Name
Add Al
Search Databases
. Selected for Searching:
® User-Select

Name

. Components
J All Compounds

O Pure Compounds

Select by Browsing...

Hit List Size Limit: 50

Internet databases are swit... Limit to spectral technique: All

* | Name

11B NMR - Wolfgang Robien

13C NMR - AIST SDBS

13C NMR - Flavors & Fragrances - Wiley
13C NMR - Natural Products - Wiley
13C NMR - Organic Compounds - Wiley
13C NMR - Saditler - Wiley

Result
q
Refresh Advanced...
DB Code Location -
RBX <Latest Version>
NLX <Latest Version>
NFX <Latest Version>
NPX «<Latest Version>
NOX <Latest Version>
NCX <Latest Version>

13C NMR - Sadtler NIOSH Pocket Guide to Chemical Hazards Compounds - Wiley NNX <Latest Version>
13C NMR - Sadtier Polymers & Monomers - Wiley NMX <Latest Viersion>
136 MMR _ Winlfnana Rrbian wey <1 atedt Varcinn v
v < >
Remave All

DB Code
Compone

2| CJANHits

Location
CUsersymdsouzaOneDrive - Wiley\DesktophKnowltall 202T\MA\Components sdbx
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Action Result

— MSMixtu #1; M‘ﬂ - 50% Methyl isocyanide + 50% Behenyl palmitate

. N M J.‘\ M|\.1 .\M‘. Al wl‘u AV RPTP |‘\ L
— Difference Spectrum

||[ l L u|h \M i‘\l‘ ‘.‘u. L L b .
50 100 150 200 250 abo 350 400 450 500 550
m/z

NMR - MS (GC)
Table Plot Related Compounds View
HQI ¥ Weight ~|Exclude DB~ ID ~ Name ,| Spectrum <auto> (NMR)

1 999.00 I. Composite Spectrum

0.50 O mpol 17 Methyl isocyanide
0.50 O ympol 21 Behenyl palmitate

N.A. Residual Spectrum

KnowltAll presents a 2-component search result. The top spectrum is unknown; the bottom spectrum is
the composite spectrum of 2 components. The middle spectrum is the difference between the two. In
this case, it is next to nothing, indicating that there are no more residual peaks.

Note: This is an example wherein the two-component MS spectra have limited overlap, but one of
them has large MS range.
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A more complex example

Action

Result

1 | Go back to Searchlt.

Start a new search by clicking

Select the file MS Mixture of Three.

Use the drop-down menu to set the Number of
components to 3 (Mixture).

Search Categories

7 Spectrum MS (GC)

[ Included Components

[J Excluded Components

[ Structure

O Property/Name

Search Databases
@ User-Select
O All Compounds

O Pure Compounds

Summary

Number of components: Search Method:

3 (Mixture)

1

~  Dot-Product (Cosine)

4

[ optimized Carrections

Advanced Settings...

EXCLUDE RANGE BAR

0.34 Tetrahyd

08|
0.6 57
7

J 257

0.4-]
o ¥
"1

0.2

1 il iy 138

207 564
1 183 474 185 4199 | 927 239 281 308 353
] 50 10 150 200 250 a0 350 ado 450 500 550
mlz

INCLUDE RANGE BAR

MSMixtu #4; MX4 - ... ..trahydrofuran

Hit List Size Limit: 50

x

+| Al Hits

Display Profiles:  <no profile>
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Action Result
2 | Click on User-Select. EEEIEnl *
0 |W| Search Profiles:  <no profle> - E E
Search Categories | Avaiable for Searching:
Make sure the Components database is selected for 2 Spectrum Ms (6ey | ! oases st Ut spectad echrie: A 5 Reth | [ ~dvance.
use = Reference ~ [Name DB Code Location =
1 Spectrum g Lhsar 11B NMR - Wolfgang Robien REX <Latest Versian>
4 Hit List 13C NMR - AIST SDBS NLX <Latest Version>
13C NMR - Flavars & Fragrances - Wikey NFX <Latest Version>
Click Searc h [ Peaks 13C NMR - Natural Products - Wiley NPX <Latest Version>
: 13C NMR - Organic Compounds - Wiley NOX <Latest Version>
13C NMR - Sadtler - Wiley NCX «<Latest Veersion>
[ Structure 13C NMR - Sadtler NIOSH Pocket Guide to Chemical Hazards Compounds - Wilsy NNX <Latest Versians
13C NMR - Sadtier Polymers & Monomers - Wiley NMX <Latest Version
130 NMR _ Winlfaann Ry o WRY 1 Atoct Vareinn s h
O Property/Mame < z
Add Al Remove All
Search Databases
X Selected for Searching:
® User-Salect Name DB Code Location
_ Components Compone ChUsersymdsouza\OneDrive - Wiley\Desktop\Knowltall 2021\MA\Components sdbx
J All Compounds
2 Pure Compounds
Select by Browsing...
Hit List Size Limit: 50 = All Hits
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Action

Result

— MSMixtu #4; MX4 - 0.33 Methyl isocyanide + 0.33 Behenyl palmitat...

[ E R Y

Difference Spectrum

i L, |‘| M ||‘|\ d|u Ll o L, |I
50 100 15 5

0 200 250 abo 350 400

NMR MS (GC)

Table Plot Related Compounds View

Composite Spectrum

0.34 O ympol 44 Tetrahydrofuran

0.33 O ympol 17 Methyl isocyanide
0.33 O ympol 21 Behenyl palmitate
N.A. Residual Spectrum

KnowltAll presents a 3-component search result. The top spectrum is unknown; the bottom spectrum
is the composite spectrum of 3 components. The middle spectrum is the difference between the two.
In this case, it is next to nothing, indicating that there are no more residual peaks.

This process accomplishes many steps in one. It also avoids negative peaks from spectral
subtraction.
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Adaptive Search

This search finds similar compounds where a fragment group can be present or missing compared to the unknown. The presence/absence of a fragment causes
some peak positions in reference MS differing to that of unknown by a delta mass (Am). KnowltAll shifts some peaks by the Am to achieve a better matching
score. Because of the better matching score, similar compounds come atop of the hit list. To clearly mark the shifts done by Adaptive Search, dotted lines are used
to show reference spectrum before and after shifting in the pop-up window when you click on the (i) button in a hit.

Example wherein exact mass is in a spectrum

Action Result
1 Searchlt -
0@ By Search Profiles: <o profile> - [ES R+ [ME D o s
Start a new SearCh by CIiCking Ere Categnries Number of components: Search Method:
1 (Single) ~  Dot-Product (Cosine) v CJAdaptive Search 138 [CJReverse Search Advanced Settings...
= Speclrum L (GC) EXCLUDE RANGE BAR
Click Spectru_m to navigate to e .
C:\Users\Public\Documents\Wiley\KnowltAl\Samples\MS I
f0|der [) Peaks 1
08~
. . . O Structure
Select the file 2-Hydroxybenzoic acid. 1
O Property/Name OGT 92 15
Use the drop-down menu to set the Number of . 1
A earch Databases
components to 1 (Single). 044
@® User-Select ]
Ensure Adaptive Search or Reverse Search is @ All Compounds | Jo2-) o
39
unchecked. O Pure Compounds 1 " s
55
18 27 2931 ® 69 7476 81
20 BN 4 50 50 [ a0 90 100 110 120 1o “130
Summary miz
INCLUDE RANGE BAR
Hit List Size L 50 2] (Al Hits
This spectrum file contains a molecular ion mass of 138. KnowlItAll will use this value for the Adaptive
Search.

108658- REV20231010 Copyright © 2024 by John Wiley & Sons, Inc. All rights reserved.

WILEY




H KnowltAll Training

Mass Spectrometry - 25 ”

Action

Result

2 | Click User-Select button
Use Remove All to clean selected databases.
Use Limit to spectral technique: and select MS (GC).

Scroll down the list and highlight the WMS3X database.

Avsisble for ”

Search Categories

e swit.. Limit to spectral technigue: MS (GC)

Spectrum MS (GC)

~ [Name

Spectrum

Peaks

Structure

Property/Name

Search Databases

oilutants, and Their Metaboktes, Sth Edition

Refresh Advanced

@ wwsax

, Benzoic add 2

© W
® lacetylay)- {

e waan | [ o
All Compounds P 08 Code (oceon
Use Add to add MS (GC) databases by codes: WMS3X. e Compounds |15 W81 gyt o s 2t AR DSOS B gy A S ks S 0
¥
. Summary
Click Search.
T
Witlst Saelimit: S0 (5] [CJAUHts  Display Profies: <o profile> [ searen
Benzoic acid, 2-hydrony- X
3 = ' ‘
. . . T D& B BB P 3 Lookpcompound
Click the Butterfly view icon . —————m PRI s BT Lo Lo L 1L e
N
8-
OH
" o
u:: 4 7DH
wa e LW e e iy
" ! "
0.4
i
] " [ Sakcylic acid
0 Bt ” ortha-Hydr
4 MONAID:
TTTH ] £ & 3 o W e (LT e
comt

V14 BHIHS, 10)

MILZEOE-UHFFFADYSA-N

1000
SRH-2022-11792.0

splash10-00cu-3700000000-
ZedcEcDesIbbaMTe8T3
1833344
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Action Result
4 | Highlight the 2" then the 3™ hit. Minelt
0 & B GaEp B 6, K2 Lookup Compaund:
Display Profiles: _ <no profile> - B k + Ml vy iy Al ﬁM&si M’h jﬁﬁﬂlﬂ E2ap . ] Jjn,lh@ e AR AT
Structure/Properties v
14
o4 1w & e sl 7 g
29 5 05 59
21 43 A 180
19 @ 138
14
Substructs  Sel. Substructs  Original Data Files
120 All Properties  Attachments  Preferred Propertie:
Name Value
kY 'y 50 80 7o 80 90 100 o 130 130 140 150 180 1o 180 Name Benzoic acid, 2-hydroxy-, 1-
miz methylethyl ester
T Alternate Salicylic acid, isopropyl ester
== T Names) 2-Hydroxybenzoic acid
isopropyl ester
Har  YRHQI DB 2D~/ Name | Spectrum <auto> (MS (GC)) 2 2-Hydroxybenzoic acid
B ., Benzoic acid, 2- propan-2-yl ester
1 o723 o7sa  wwss Sl ‘ iso-Propy salicylate
h L L isopropyl 2-hydroxybenzoate
Isopropyl o-hydroxybenzoate
2 8844 | 9384  WMS3X 178814 Fosfosal | Propan-2-yl 2-hydroxybenzoate

Propan-2-yl 2-oxidanylbenzoate
Al3-00511
EINECS 210-143-2

CAS Registry  607-85-2

Number

w | Classification n-Hydrowwvhenzoic acid esters

Benzoic acid, 2-
4 78.18 79.12 WMS3X 156386 hydroxy-, 3-

Assume that we do not have the first hit in our database. The HQI values for the 2"d and 3 hits are not
totally convincing that they are good matches.

Click Search.

5 | Go back to Searchlt.

Click Spectrum MS(GC)

Check Adaptive Search.

[] Adaptive Search Molecular m/z: | 138 E [l Reverse Search

Estimates the molecular

e If a spectrum file contains the molecular ion mass, it will be displayed in the “Molecular m/z:” box,
and a solid triangle marks this position in the spectrumPane.

e You can type in an appropriate value as well. This value is used to assist Adaptive Search.

e Or, you can ask KnowltAll to estimate a molecular mass for you by clicking the bulb icon.

e However, if molecular ion mass is unknown, this box would be empty. KnowltAll Adapative Search
will estimate this value from the input unknown MS spectrum.
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Stereochemistry

Query Structure Overlag

Action Result
6 | Ignore the 1%t hit and move to the 2 hit. R B S—— .
- EBE < R+ M s e e el 22 L b e RAT
1 Structure/Properties vo)
Make sure KnowltAll displays implicit Hydrogens.
Go to the View menu and check Implicit Hydrogens. "
,- %2
& KnowltAll Informatics System 2024, Quant ,_ g LTI RAR el e "l
File Edit View Database HitList MS Tools NMR 1 0e]
él v - Absorbance '"': & i SR e
. . % Transmittance M‘: » ::,‘:::‘H"M
Applicatio & ¢TSS TRt "hElr VR "Mt e "RU" Wak "Sa aer Yoo YLe" " e ke e M| Mok "Rl ~ga' ~Lag g - .
g  EditMode > S cout
 Display Mode : > MRE——— T
Auto Scale Mode > N
(  X-Axis Format > 2
Spectrum Overview Pane Berers
ID E T sl 2 ey e
View Default Region Ctrl
< View Entire Spectrum Ctrl+0
Se Peaks > o ) )
Integrals The result looks good. Am of 1 suggests a few possibilities wherein the unknown’s molecular ion mass
< (URki e Saihipy Bance (m/z) is 1 unit more than that of the reference. One of them is “In unknown, Oxygen replaces
icauaea spectrum rRange . . ”»
' Nitrogen in reference.
Minel! Toolbars >
Dat i > .
i W¥incowe/Inbies Columns of interest:
Q Implicit Hydrogens
ac Assignment Information ’ e Am: the molecular ion mass of unknown minus that of the reference
v

¢ Am Info: details on reference peak shifts to make the match
e Replacement: suggestions of possible group exchange which would cause the difference
between unknown and reference molecular ion masses
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Action

Result

7 | Click (i) in the Am Info column. This brings up the
Adaptive Corrections html page which explains how
selective peaks have been shifted to obtain good Hit
Quality Index (HQI).

B | Adaptive Corrections

Adaptive Corrections

The following correction was applied to the reference spectrum to get optimal results:

Some peaks in the reference spectrum were offset horizontally by 1 u

The top spectrum is the unknown spectrum, the bottom spectrum is the unshifted reference spectrum, and the middle one is
the shifted spectrum. In the shifted spectrum, the darker red peaks are additions of unshifted peaks and shifted peaks.
Dotted lines between shifted and reference spectrum link shifted peaks to their original positions.
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Action Result
8 Query
1- 120
0.8
06- 92 138
0.4
02 39 o
I e 272931 4 50 55 g 6 7476 81
Corrected Reference
120
14
4 138
0.8
0.6 92
0.4-]
02~ 3 65
] 2729 a ¥ 0P oa 7476 81
— Uncorrected Reference
1= 120
] 137
0.8—
0.6
- 92
O.4f
0.2 39 65
1w e e @ B Mmoo
2|O 3‘0 40 50 SIO 7|O BIO QIO 1 (I)O 1 % 0 120 1 1""0 MIIO
m/z
e The top spectrum is the unknown
e The bottom spectrum is the unshifted reference
e The middle “spectrum” contains shifted peaks
e Dotted lines indicate what peaks have been moved by an Am
¢ In the middle “spectrum,” darker red peaks are the additions of existing peaks and moved ones
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Example wherein exact mass is NOT in a spectrum

Action Result
1 Search Categorles Number of components: Search Method

—— 1(single) ~| | Dot-Product (Cosine) v [] Adaptive Search [JReverse Search Advanced Settings...

Start a new search by clicking . S Spectrum M5 (60 EXCLUDE RANGE BAR
O Spectrum N ' o
Click Spectrum and navigate to ek
. . eaks
C:\Users\Public\Documents\Wiley\KnowItAI\Samples\MS ol
f0|der [ Structure ] L
06—

Select file 1,1,1-Trichlorobutane. LEpey/Rane

Search Databases
Use the drop-down menu to set the Number of ® User-Select ]

i 27
components to 1 (Single). O Al Compouns N o
5 75
) . O Pure C d 1 » “ i

Ensure Adaptive Search or Reverse Search is e Fompeunes S . L 7 w o
unchecked. I ! 20 30 40 50 60 70 80 o 90 1do 1o 120 130 110 150
Click User-Select. Hit List Size Limit: 50 = []All Hits
Use Remove All to clean selected databases. As we can see, this spectrum does not contain molecular ion mass. KnowltAll will estimate this value

and use it for Adaptive Search.
Use Add to add MS (GC) databases by codes: WMS3X.
Click Search.
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Action Result
2 E Structure/Properties v
Click the Butterfly view icon =, -
Go to the 2" hit since the 1%t hit is the exact match i - | . [
| a1 85 5 77 5 98 100 124 Cl Cl
(pretend that we do not have the exact match in our | = 2 asf° fa ”
databases). 1 =
14
] Substructs  Sel. Substructs  Original Data Files
1 62 All Properties  Attachments  Preferred Properties
1 - Name Value
o g5 do @5 o 75 & &5 ade ks T e s T ko T s T T 0| Name Cyclobutane, 1,2-dichloro-
mz Alternate 1,2-Dichlorocyclobutane
Ms (6C) Namel(s) 1,2-Bis{chloranylicyclobutane
e Piot | Related Compounds View CASRegistry  17437-39-7
Hal  Y/RHQI . Tag. DB, ID . Name +|Spectrum <auto> (MS (GC)) ~ | Number
Classification  Organochlorides
1 10000 100.00 VMS3 56884 1,1,1-Trichlorobutane Estimated Kovats 813
L Retention Index
; clobutane, 1,2 Exact Mass 123.984656 u
Formula C4HECI2
Inchi INChI=1S/CAHBCI2/c5-3-1-2-4...
3 6480 6518 VMS3 16286 2-Butene, 14-dichloro- ‘ InChiKey MPWHMPULOPKVDQ- UHFFFA.
Lol ok L Molecular Weight 124.996 g/mol
4 6423 6459 VMS3 16299 1-Butene, 3 4-dichloro- | Nowminal Mass | 124u

We are not sure by looking at the HQI that we have a hit that is structurally similar to our unknown.
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Action Result
3 | Go back to Searchlt e -
4
Check Adaptive Search - ‘ Lo
. [ | fomy “ " | @ ”wlslﬁg. Il 7 | st | o i 2 cif‘_c\‘-
[#] Adaptive Search Molecular m/z: ¥ ] # % ’ ! A
ri 8t
7 Substructs Sel. Substructs Original Data Files
Search ] 62 All Properties  Attachments  Preferred Properties
% % @ % & 7 & & T T T T e L
- mz Alternate 2,3-Dichlorobutane
Lili, = Namefs) (.+/-)-2.3-Dichlorobutane
In Minelt, Click the Butterfly view icon . T Fot | feated Comgaunds View R
HQl ¥ RHC. DB, ID . Name - Spectrum <auto> (MS (GC)) | Am [u] . Am Info  Replacement 2 [ Emam; ):.‘Vdirhbmrj [R‘,G";r
Butane, 2,3-dichloro-,
Go to the 2™ hit (15t being the unknown which is already 18 10000 1100.00) VHIS3, 56884, 1.1.1-Trchiorotariane l ¢ | @
ina database). Loy P— Butane, 2,3-dichloro-, meso
dl-2,3-Dichlorobutane
2 ~ meso-2,3-Dichlorobutane
ir racemic-2,3-Dichlorobutane
EINECS 231-486-4
4*1' CAS Registry 7581977
o sanarming A 1 | « | | Number
One of the suggestions in the Replacement cell makes sense. The unknown should have 1 more
Chlorine for a delta mass of 34.
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v . .
to estimate the molecular ion mass:

(

Alternatively, one can use the molecular ion mass estimation icon

Action Result

1 | Go Back to Searchilt. Searchlt x

!

@)
L]

Click the icon. An estimated mass of 160 was found with more than 90%

confidence.

Let the calculation complete.

3 | Click OK button Molecular m/z: | 160
The estimated molecular ion mass value fills the box

NOTE: KnowltAll runs an adaptive search of the unknown against all of our MS databases. The resulting hit list is then analyzed in steps. The

mass of every hit list entry is calculated as the nominal mass of the compound in the database record plus the Am found for the match. Matches of
equal mass are then grouped together into clusters. The higher the found HQI, the higher the score for an individual match. Scores for clusters are
then calculated as a combination of individual match scores with additional information such as the number of entries in the cluster and the
separation from the next best cluster. The cluster with the best score determines the found mass. As side information of this procedure,
information on confidence that the found mass will be correct is reported.

The confidence values found by the algorithm were determined by running statistics with thousands of very diverse compound spectra run against
our MS data.
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Simultaneous Multiple MS Spectra Search

Action Result
1 [ In Searchlt, select Open Spectrum or Structure & Open w
Lookin: | | GC-MS | @F @~
Searchit -
Name Date modified Type
0 » Search Profiles: </ * . " il
d Quick access B Structure 5 - Secobarbital 10/11/2021 10:15 ... DSF File
ul
@ open Spectrum or Structure | & Structure 4 - Pentobarbital 10/11/2021 10:15 ...  DSF File
Sear (pensa spectrum or Val B structure 3 - Amobarbital 10/11/202110:15 .. DSF File
structure file Desktop B structure 2 - Butethal 10/11/2021 10:15 ... DSF File
- B Structure 1 - Barbital 10/11/2021 10:15 .. DSF File
; m Barbiturate GC-MS.dr 11/3/2021 2221 PM DR File
Navigate to N
C:\Users\Public\Documents\Wiley\KnowItAl\Samples Libraries Barbiturate GC-MS.d 10/11/202110:15 .. D File
\GC-MS\Barbiturate GC-MS.d @
Click Open in previous dialog. This PC
P :
Network File name: :Barbnurate GC-MS |
Files of type: AllFiles () W Cancel

[Jimported spectrum is

| ~FAREERAIENE Data is 2D, only the TIC is shown.

L

I

oo

min

Encoding: <default> v
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Action

Result

2 [ Pick multiple MS spectrum in the MS Spectra Scan
Selection dialog

For example, 292, 346, 366

Click OK button

[J349 4444
[1350 445333
0351 446317
[J352 44725
[1353 448233
354 4.49167
[1355 450133
035 451083
[]357 45205
D358 453
[1359 453967
1360 454917
0361 455883
0362 4.56917

[1363 4579
0364 458833
[J365 459817

366 460767
0367 461733
[N368 462767

Select All Deselect All

Spectrum import mode

Import MS spectrum/spectra

[import chromatogram

4 Minimum Peak Intensity

i 15 2 25 3 35 4 45 5 55
min
27.95
| a3s0 |
20 40  ieo ' 80 100 ' 120 ' 140 160 1o ' 200
I miz
Time of current scan: 2.136 min
0K Cancel
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Action Result
3 | Multiple search tabs are created T T EAETE . - 2
Search Categories N"(m:“m"mm Sesh e

Reverse Search

71 Spectrum MS (GC)

Advanced Settings.

Spectrum Lane

Peaks

15605
Structure

Property/Name

Search Databases

* User-Select
All Compounds

Pure Compounds | (0.4

ss10
o2

Hit st Size init: 50 (3] CIAI s Display Profes: | <na profile

BARBITURATE MIX st 38917 min % | BARBITURATE MIDC . at 44133 min | BARBITURATE MIX _ _at 46077 min

4 | One can either search these MS spectra one by one by
clicking the Search button in each tab.

Or use Do Batch Search button and reply Yes when
prompted.

Would you like the batch search to use the spectral/structure
parameters from the active tab?

If No, the spectral/structure parameters from each individual
tab will be used.

Yes No Cancel

Multiple hits are transferred to Minelt if Do Batch Search was selected
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Action Result
Minelt
Display Profiles:  <no profile> -E@ > D@ "By B2BaBy P 4% K? Lookup Compound: PubChem I4 I
N T IR R, X Y O 3 T 1L E . O T A T Lods A
1= - BARBITURATE MIX, Raw Spectrum
- WMS3X #165479; 2.4,6(1H 3H 5H
08—
0.6
04—
0.2+
Ll ‘!l” Ml | ! ‘ If I I .
30 40 50 60 70 80 %0 100 110 120 130 140 150 150 170 180 ) 200 210
m/z
MS (GC)
Table Plot Related Compounds View
HQl  Y/RHQI . Tag. Di. ID . Name , Spectrum _ <auto> (MS (GO) - Am [u] . Am Info_ Replacement
1 ! 1 0 o
- TR R S B B
2.4,6(1H3H,5H)-
2 88.47 89.62 /Ms3 165488 Pyrimidinetrione, 5- 0 @
ethyl-5-(1- lwa }
2.4,6(1H3H,5H)-
3 88.42 91.28 /MS3101117 Pyrimidinetrione, 5,5- 89 @
diethyl- Ll oo
In unknown, CH2 group replaces
4 8726 8484 /MS3201919 Pentobarbital -14 @®  C=0Ogroup in reference.
1. In unknown, Methyl group
2.4,6(1H3H,5H)-
5 87.08 17.86 /Ms3238504 Pyrimidinetrione, 5- 28 0]
butyl-3-ethyl-1,3- ‘
2,4,6(1H3H,5H)- N In unknown, CH2 group replaces
I Hit List: BARBITURATE MIX, Raw Spectrum 345 at 4.4038 min Hit List: BARBITURATE MIX, Raw Spectrum 366 at 4.6077 min Hit List: BARBITURATE MIX, Raw Spectrum 292 at 3.8917 m|
4 4 1 P M b+ » 200 Records
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Other Tools for Mass Spectrometry

Elemental Composition

Action Result
1 | From the Menu, navigate to MS Tools > Calculate Elemental Composition Calculator %
Elemental Composition.
Target Mass: ‘388 | + ‘0.5 | u "
Element: Mass: Min. Count: Max. Count: Charge:
I “|[12 IE sl [§ O-1 @0 O+
[H ~| | 1.0078250322 IE SIEE=
|o v||15.994914619 ||1 |: |2 \:
[ ~| | 126.90447 ||d BIE E
| /]| L Bl E
| /]| L Bl E
Reset Close

You can fill in this dialog with target mass and elemental information.
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Action Result

2 Click Calculate. B | Elemental Composition Results x

Target Mass: 388 + 0.5u

Charge: 0 Result Count: 6
C H @] | m Am [u] Am [ppm]
18 13 2 1 387.9960 -0.0040 -10.2457
19 17 1 1 388.0324 0.0324 83.5314
20 5 1 1 387.9385 -0.0615 -158.4799
17 25 2 1 388.0899 0.0899 231.7656
19 1 2 1 387.9021 -0.0979 -252.2570
18 29 1 1 388.1263 0.1263 325.5427

Copy To Clipboard

BT ATTE YT I TrATT YT T T TAT TS

KnowltAll provides combinations of these elements.
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Isotopic Distribution

Encoding: | <default>

<

Action Result
Double-click the structure pane to bring up ChemWindow || & open X
or use the Transfer to: bar and select ChemWindow at Lookin | | GCMS 7 @@ m
the top Of the appllcatlon [ Name Date modified T
;il’ B structure 5 - Secobarbital 10/7/2020 5:11 PM C
. i Quick access B Structure 4 - Pentobarbital 10/7/2020 5:11 PM C
Click File > Open. B structure 3 - Amobarbital 10/7/2020 5:11 PM C
! gsvuclure 2 - Butethal 10/7/2020 5:11 PM C
Desktop [ & structure 1 - Barbital 10/7/2020 5:11 PM i
Select a structure from the Samples > GC-MS folder. | Barbiturate GC-MS.dr 10/7/2020 5:11 PM .
m ] Barbiturate GC-MS.d 10/7/2020 5:11 PM C
Libraries
G
This PC
NeMork

e Structure 1 - Barbital v ‘ | Open
Files oftype: AllFiles () ~ Cancel
O
NH
H
0
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Action Result
2 | Navigate to MS Tools > Calculate Isotopic A
Distribution.
D&E ’éa x? p[@msGotc - :
Barbita 4] 5 a wx 3 RAQ &
Click Calculate. Chemist. w 8 X [_| [ 1 112 2 212 3 3@ 4 4V 5 512 6 612 7 72 8 812 8 812 10
Main B Isotopic Distribution Calculator x
2| B ||| e]  Table:
=& Chemical Formula: (CgH1,N,03 Peak fable:
Q :l v ° Mass Intensity
@ 0|0 - ) Calculation Method: Low Resolution - 184 100.0000
Al o = 185 93913
olelel|l. 1 ity: 0.1
9188 || Minimum Intensity: = % 196 09440
(1o [T 55 1]~ Vs
o 1 184
- 05
w]
185
o || ]
= 144 1845 185 1855 186
miz
Bonds
T Copy Spectrum Copy Peak Table Close
Rings o
Edit T« >
Reactions Structure?  Edited Structure X

Average Mass: 184.19 Exact Mass: 184.084792 Nominal Mass: 184 CoHaaN:Os  X/Y Coords

Save Cancel |
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Molecular Fragmentation

In ChemWindow, you can use the MS fragmentation tools to view possible fragments and corresponding masses.

Action

Result

File Edit View Amange Colors Chemisty MSTools Help

1 | In the Edit toolbar on the left, click on the MS

fragmentation tool. el ) 4
Barbital | .l@
e Chemist.. w @ X i %2 1‘ IP 2 212
Edit i wan 1
=P

r . Edit -
}Mon NEEP
I o Mo |
BAS ||

MS fragmentation tool

21k

3

Point to a position, then drag a line—this is the
fragmentation line.

3102

412

Structure’  Edited Structure X

Average Mass: 184.19

wox - RAQ AR

5 512 6 812 7Tz 8 828 g1z 10

Exact Mass: 184064792 Nominal Mass: 184 GHiNiOy (1975, 2433)
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Solid Triangle Marks Nominal Mass

e In the spectrum display, KnowltAll marks the nominal mass of the structure that corresponds to the spectrum. This mass is shown as a black triangle.

When importing a spectrum from a data file, a number of import formats define fields for molecular m/z (also called precursor m/z or base peak m/z in some

cases) and the charge of the molecular ion. To convert from molecular m/z to exact mass, the following formulae are used:
o For positive charges:

" Mexact = (Mz — M(H) + M(e)) * charge, where M(H) is the mass of a hydrogen atom, and M(e) is the mass of an electron.
o For negative charges:

. Mexact = (MZ - M(e)) * (-charge).
o Ifno charge is defined, a default charge of +1 is assumed.
If a data file does not have the molecular m/z field defined, the exact mass is calculated from the formula field, if available.
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