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Part Il: Structure Searches with NIST MS Search? and Using MS Interpreter213-15

Webinar Topics:

-Setting up Library Search Options for Structure Searches

-Importing structures from vendor programs?

-Searching for similar structures using Structure Search

-Searching for exact structure using Library Search with InChlKey
-Using “Compare” window to view series of spectra

-MS Interpreter for correlating substructure and isotope ratios to ions in
spectrum

-Finding model compounds

-Accurate mass spectra in MS Interpreter



Help Files for NIST Search

-"Hover” over Program Icon with mouse and function description displayed

£E] NIST MS Search 2.4 -

Efile Search Miew Tools Options dWindow Help
) o= WE =« F ’\ o MIST Mass Sp.ectraIlDatahasnla calivol
B 2 very quick guide to using SMDIS
AN - % AMDIS Help
@ %+ & EI |1 unknown \'\1@ E{il@ 8 & Y AMDIS Manual (pdf)
# Srz. Mame N ﬁ AMDIE_32 Default P
: . E:,'] Connect NIST WS software
1 E unknown Replicates Off/On ) "
El & Tandern Library Users (pdf) Help and

-Detailed documentation for NIST Search? and AMDI|S34.12 % mﬁjcwmr
preter

-MS Interpreter included in NIST manual? and in posters3-15 S MS Search v.2.4 Manual pdf)
-Windows Program Group E] MS Search 2.4

-"In program” assistance for all three programs Quick Start MS Search (pdf)
B Read Me AMDIS

| Read Me Lib2MNIST

| Read Me M3 Search

Tandem Library Use {pdf)

Y8 SEEEE” %

\ Go to Update Website

)

- . own - MS Interpreter W
@ b = E [1. unknown Download Libraries - — — -
et s — | File Edit ViZw~Qptions [Help
# Src. Mame - i
|| || S~ mag
b Cholesteral I Wifhat's Mews
— bazs | r+ |= I43 About 5 Interpreter..,

E AMDIS Chromatogram - Component Made - 15028T.D - [D: MDIS32\DATAVI 50281

Hﬁ File  Analyze Mode Wiew Library  Options  Windowr !\P‘Ip _]

Bun Rescale I Infa... | 4| 'I h L\F"Cnntents
Abundance 0 targets (T), 104 components {¥] Help on Current
100

Abhout AMDIE

Goto AMDIS website

73



NIST Software in General is “Windows Compliant”

-left click (LMB) to select an item, double LMB on that item to perform operation

-right click (RMB) in area or item to see operations that can be performed or to change properties of
window

-LMB on first item and last item to select group while holding shift key

-LMB to select/deselect individual items while holding Ctrl button

-use up and down arrows on keyboard to step between entries

-some NIST windows such as librarian have no delete button to delete ions, must use delete key on
keyboard!

-control a (select all), control x (delete selected), control ¢ (copy); control v (paste)

-control k copies entries into windows in tab-separated text format, e.g., paste into Excel

-F1 MS Search help Tip 3: LMB and drag to

-F9 send spectrum to MS Interpreter rearrange order of column
-LMB and zoom mass spectral windows, RMB then LMB to zoom out headers
|
# Lib. Mame kd atch Prob. (%] Rl H.Mat Sy DBz =
1 i Undecane 95 A 55 ]
2 & Urdecane 945 442 1100 945 4 a L
3 R Undecane 944 1100 5952 4 a I
4 w Urdecans 337 443 - 355 1 1]
5 w Urdecane 33 443 - 350 1 1]
E w Urdecane 332 443 . 933 1 1]
-LMB on column of interest Tip 2: When viewing structures
-Can sort in lower value first or higher Tip 1: When reviewing search in MS Interpreter, use left and
-Will show use in mixtures in example later in results, use up and down arrows right arrows on keyboard to
on keyboard to quickly step quickly review results!

resentation
P through results!

4 I
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Primary Libraries of El Spectra and Associated Structures

Wiley: >815k entries
NIST: >350K entries

User Libraries: e.g. Eastman, >50K entries, automatically updated nightly®>

Which Ones to Search? (My opinion, all >1,100K excluding wl12leg)

-wl2main: best spectra for component

-w12rep: replicates (spectra can be instrument dependent)

-w12lq: lower quality, <4 ions per spectrum

-w12leg: spectra once present in main and rep, but removed for various reasons
-main (NIST): one best entry selected (subjective) for component

-rep (NIST): replicates for main spectrum

-user libraries: individual’'s or company’s personal libraries



Critical Settings: Select the Libraries Used for Exact Structure Searches

»Exact structure searches are driven by libraries in Spectrum Search

»Somewhat surprising, but because InChiKey not actual structure used

= MB on the Libraries tab and make sure Spectrum Search is selected

»Select the group of libraries to be searched by Exact Structure

»>>Add>> all libraries to be searched

=Order of libraries normally only important in Other Search Tab which return maximum no. of hits

Library Search Options ﬁ

Search | M55 Libraries |Automation| Limitg I Constlaintsl RI [GC]|
Aaily G66202 Spectra in 38 Libraries

Included Libs: r 4+

wlzlg
wlzmain
wlzrep

’ SpectruNarch -

?‘ QK. ][ Cahcel H Help




Critical Settings: Select the Libraries Used for Similar Structure Searches

»Similar structure searches are driven by libraries in Structure Search

=l MB on the Libraries tab and make sure Structure Search is selected

»Select the group of libraries to be searched by Similar Structure

»>>Add>> all libraries to be searched

=Order of libraries normally only important in Other Search Tab which return maximum no. of hits

o

Library Search Options ﬁ

Search | MS/MS | Libraties | Automation | Limits | Constraints | RI (GC)|
Available G26 Structures in 37 Libraries

|In_c‘lud.ed Libs: wr +

\ w1zl
2main
wiXeep

FrIz1ENtructures in 3 Libraries

’Structure gearch \ vl

l \D{K ” Cancel H Help




Structure Capabilities Within NIST Search Program
Obtaining Structure from ChemSketch

1 ACD/ChemSketch (Freeware) - [noname01.5k2]
File Edit Psges Tools Templstes Options Documen s Add-Ons ACD/Labs Help

D,aw = = = 9 5 & A |regenit ~  [O Pl Y0 [FEEE &) B won % rublinem chOiecues teniite Lo _
a|@f ([ LIV v ¢ e A+ AR L RTER e @ ol hnE

mm O k 1 20 30 40 20 =) 70 B0 a0 10 110
B ™ PN e S S S S B U R ol

R R

120
N

130 140
celaiitai

N TR— Laccnatan

finy

c

o w2 =m oz @
=

1) Use “lasso” tool to select

o structure to import into NIST
o program
= 2) Then copy into clipboard
™ ] ACD/ChemSketch (Frfeware) - [noname01sk2]
cile EditlEages yuls Templates Dptions Do
B : | E Undao Remofe Single Hydrogens  Ctrl +2
T _ == FRedo Crl +%

[ Cut VA Ctrl +X

>3

| Copy V 2 Ctrl+C I :
Eal?f‘e 4
Delete Del

Select Al Chrl +2,

N

c

H Ihsert Object..,
N Edit Object
% .

N i 10




Search for Similar Structures after “Insert Clipboard Structure”

1) RMB and Insert Clipboard Structure not Paste

2) LMB on structure search icon to search after highlighting entry
3) Results reported in lower left window sorted by similarity (1000 good fit)

B i i Serch 24 RS S0
gE] NIST MS Search 2.4 - [Structure Similarity §

Elﬁile Search Miew Tools Options Window Help

%%E%ﬁl%EMh?‘

EE“E =earch Wiew Tools Options Win

tBERBSEEBEE " «

@ t‘ = E [1. Structure: Clipboard #1

# Sre MName @ | |ﬁ E [1. Structure: Clipboard
Library Search # . Mame
1 Structure Similarity Search ':|iFItIIZIE|.ij #2

Cut
Copy

B2 Paste 2

Select All 3

Send To L

Marmes
mainib; 30\ TPert B
100~ Export Selected

o

PN

Marne: Cliphoard #2

Forrmula: C3HRD

bAYY: 58 Exact Mass: 58.0418649 |[D#: 3 DE: Spec. Edit
InChikey: CECPPACGEDOCGEH-UHFFFADYSAM  MNc

SN S:
N0 SYNORYms.

E stimated non-polar retention index (n-alkane scalel:
YWalue: 455 ju
Confidence interval (Ketones): b7(b0%) 246(95%:) u

Insert Clipboard Structure
Copy Sthobtture to Clipboard # Lib. DotProd  Distance R
14 Insert Clipboard Spectra 1 st o000 1000 267
Copy Selected to Clipboard 2 b 1000 1000 -
3 b aaa 1000 4
Print p - =
: 1000
1 Primt Prewiew £ b 1000 1000

1000 Properties

Mame
Formaldehyde
Carbon monoxide
Acetaldehyde

Acetone

Acetone-D6

11



Reverse Process: Sending Structure from MS Search to Drawing Program

1. Any structure in MS Search Program can be sent to drawing program
2. LMB on entry, then RMB to “Copy Structure to Clipboard”
3. Then paste from Windows Clipboard into Drawing Program
4. Useful for modifying an existing structure for searching 3
P Match  Prob (%) Name - ACD/ChemSketch (Freeware) - [ncnanmﬂl.sﬂ]h
1wl 593 531 1-indo-4-isooyanatobenzens 2 Eile | Edit | Pages Tools Object Template’ Options Docu
J . =5, o-b-keto-M-[2-trifluoromethyliphe... Redo Paste Ctrl +Y
4 M 522 Library Search lpyrimidine %[ 5 o e o
5 owl 521 Structure Similarity Search vlthia)-4-(4-bfdra... Cut Ctrl +3 S
B M a1z By c ienzoate \ Copy Crl+C , 2,D , 3,0 |
7wl 512 | o= Iro-B-fBthyi-hi3.. [ Paste 1|¥ Default Ctrl+y |
Select All . )
BE M 51 _ @ Delete el ;
@I M 511 Close All Replicates dole 5‘ S lect Al Chrlah, In Place Ctrl +5Shift+%
1M 511 Export Selected Iro-G-methyl-N-3... - Special..  Ctrl+Shift+E
1. M 508 ;end To hitrile /\‘/ Insert Object.., Structure  Ctrl+Shift+U
1. M 504 o e clpryridine Edit Dbject Table
1. M 457 Copy Structure to Clipboard enzoote = = s 1
1. R 490 _
1. M 484 Pl I-dicyanophenyl)- ' o )
1w 484 Print: Preview 1-yl)phthalonitrile NH-
r'r_‘arles')ewﬂﬂ_ Properties fi=t q_TnT_?b gfrﬂm, Hit
Lib. Search | Other Gearch | Nam

12



Tips for Displaying Structure Search Results

1) RMB on display box and select properties

2) add delta mass to table

3) run similarity search again and then sort by clicking on DeltaMass header

4) Scroll down until group with DeltaMass=0 found

Distance Rl MName

1000 267 Farmaldehyde
1000 - Carbon monoxide
1000 40 Acetaldehyde

Acetone

- Acet Library Search
1000 RAG 2-Bu Structure Sirnilarity Search
1000 GG IPe
Ep:
- For] "2 S2PY

Select &ll
Close All Replicates

Export Selected
Send To 4

Library Search Properties

Hit Text Info |

Spec List Test Info |

moi uy

Coi

Hits List | Spac List | Plot of Hit

Structure Wiew Optiong

Structure Size in % B0

[ Structures Orly
[tems to Display

Copy Structure to Clipboard Distance Sty
- Deltatd azz Sty
0003 EEPW 7] R.Match El
1000 08 Aol [] Match no Rl El
1000 408 Acet m - List' [ Shart | ikran Mames
Dther Search | Names |
# Lik. DotProd  Distance R Deltab{j@... Marme
v wl 1000 1000 408 14 Acetaldehyde
26wl 1000 1000 408 14 Acetaldehyde
a7 oM 1000 1000 487 0 Acetone
2g wl 1000 1000 455 1] Acetone
29wl 1000 1000 455 1] 2-Fropanone
30wl 1000 1000 455 0 2-Fropanone
31wl 1000 1000 455 0 2-Propanone
32wl 1000 1000 455 0 2-Propanone
I3 wl 1000 1000 455 1] 2-Fropanone

13



Tips for Displaying Related Structures in Structure Searches

MIST M5 Search 2.3 - [Id P h Default - InLib = 361, 8 i .
@ are [igient, Preseasch Default Inli = S Replicates Display Options M InconS|Stent|
Elfile search Miew Taools | Options Mindow Help 3
! " I Leed B “ ”
% ﬁ . % 2 m/zrange [¥] Display InChl Feplicates L DO see unCheCked
Library Search Optians L InChI Options

~ - — | [C]lzotope I
) Ts & I |1 Ehulm » ”
Spettrurn Import Opticns [ | [ Steren —!/ Do see” checked
# Sre. M arme Fubchern Search options = Derivative 5

1 w1l buatyl- 505 options =f :
el b 1a.R

-Determines if replicates,
isotopically labeled species,
stereoisomers, and/or
derivatives displayed with
search results

Lib. Marne Match A.Match it

=2 - -~ -~ 323°- - - - 3 - T T 3 3 3 3=

Cholezsteral

Cholezteral =
Cholesterol

3Ja-Cholesterol acetate —
Cholezsternl benzoate

Chaolegtenl benzoate

Cholezsternl benzoate

Chaolegtenl benzoate

Cholesterol, TMS derivative

Cholezteral, TMS derivative

Cholesterol, TMS derivative

Cholezteral, TMS derivative

Cholesterol, TMS derivative

Cholegt-5-en-3-ol (3R], acetate

Cholest-5-en-3-ol [3()-, acetate

Cholest-B-en-3-ol (3R], acetate

Cholest-5-en-3-ol [3()-, acetate

Chalest-f-en-3-ol (3R], tifluoroacetate

-Can toggle by “left-clicking”
on + or — box

-Also affects Names Search
Display

\EEBEEEEEEEEEEEEEEEBIRE::
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Search for Exact Structures

1) LMB on Library Search Options

2) select Search tab and select InChlKey

3) Click on Library Search not Structure Search icon

4) Process results using tips used for similarity search

5) Much simpler results when NOT looking for similar structures

ch - 400 spectra
B File Search Wiew Tools Options  Médindow Help @NISTMSS&ath‘l-

.;Iflo E % ﬁ . % B w4 ? ElEiIe Search Miew Tools Options Mindow Help
RS EEEE -~

@ s = E{Ul. Structure: Clipboard #2 ~|(H _—
7 l@zjb = &I ’1. Structure: Clipboard #2 vl@ 2
# arc. MName
Cliphoard #2 # Stc. | Nems
Clipboard #2
1 # 1 3
Library Search Options l
Search | MS/MS | Libraries | Automation | Limits | C #  |Lib hsteh | Prob.(4) |1 | Nems
1 I 0 20.0 - Acetone-Di
Spectrum Search Type b Acetone
@ Identity ) Sirilarity Precurzor ki L. R Acetone
[EI Marmal v] it spectum L. R Acetane
2 . L .. R Acetone
i Spectrum Search Options L. R Acatone
E: [] Reverse Search [T Penalize rare compo L . =1 Acetone
[ Match lon Mode [T andem] L. R Acetone
N Frezearch l. E Aratine
\\l{:} Default () Fast () 0 MW |4 4, 5
@ InChlKep
I}’ blank = match zearch spectrum InChlkey
15




Using “Compare” Window to Display Multiple Spectra

1) Select Compare tab at bottom of program
2) Normally setup to transfer the 3 best library hits for comparison as shown below

9 R 0 200 - Acetane-Dk —— o
= e 2 | (mainlib) Acetone-06
Names A Structures  f InLib = 0, Hit List PlotTest of Hit /A Plot of Hit

| Lib. Search | Other Search Mames Compare

|
2 1 7

{E] NIST MS Search 2.4 - [Compare
B File Search Wiew Tools Qptions Window Help

& B BEl=E- -7

1004 4
o Y
53 0
15 42
13 14 1 i BT o 3 3% 37 38 3 g @ 4 57 58
- T + t T T T T | R T T 1 1 + T T T T T T r T T T T T T
10 12 14 16 18 20 22 24 26 28 30 32 34 36 kL] 40 42 4 6 48 50 52 54 56 ) 50 62 64 [ 68 70
R (mainlib) Acetone
4
1004
~
50 i
15 3] 0
5 o1 s v 2 I gy 8 Eu 3 37 3 3 g 4 ¥ 4 g7 | s
P N T TR T 37 38 o3 40 41 gy a4 E
0
o 55 =
1004
4
10 12 1 16 18 20 22 24 26 28 a0 32 34 36 k] 40 42 4 E E] 50 52 54 56 ] 50 62 64 66 58 70
[ Acelone | Head 1o Tail MF=336 FikF=436 [ 2-Propanone
Difference Head to Tail Side by Side Subtraction
100 4
50 " o 5]
13 14 1 15 25 26 27 o 29 31 % 37 3 3 a0 g1 4 57 | &8
10 iH 14 16 18 20 22 24 28 28 30 32 34 38 k] 40 42 4 48 48 50 52 54 56 58 80 62 64 66 63 70
MNISTNO=114413 Hit 1. (mainlib) Acetane "MIST Mass Spectrometry Data Center, 1990."
1004 u
504 58 < ]
N 25 26 27T 28 pa a0 31 @ 337 38 39 40 41 42 44 45 57 59
I T2 14 15 18 2 P 24 26 20 a0 2 B 3 B a0 4 44 4 4 E 5 54 E B B0 02 o4 &6 o 7n
Hit 2. (w12main 2-Propanone "SpectrumlD="1113856" Source="4-251-0-1" Classiiication="Ketones" 0l="863" SpkashiD="splssh10-0006-8000000000-538fc28d465308bd 214"
1004 4
50 1 58 0
N (| 2% a2t 29 37 3 39 q 4 |
T T t T T T T T ] T T ’ T T ] T | 7 T T T T T T F S T T T T T T
10 12 14 16 18 20 22 24 26 28 a0 32 34 36 k] 40 42 4 46 48 50 52 54 56 58 80 62 64 66 ] 70
MNISTNO=426783 Hit 3. (replib) Acetone "HISAHIRO HAGIWARA, CHEMICAL RESEARCH INSTITUTE OF NON-AQUEOUSSOLUTIONS TOHOKU UNIN; Used with permission, courtesy of Funatsu Laboratary, University of Takyo The copyright resened by Funatsu Laboraton:" 6 2

Lib. Search | Other Search Mames Compare Librarian




Using “Compare” Window to Display Multiple Spectra

1) Compress top two windows by selecting bar with left mouse click and scrolling closed with mouse
2) Select prosperities window in bottom windows and then select Properties with LMB
3) Setup options as shown below

€] NIST S Scarc 24 - Copa Too1 3 pecia to cormpare] I S —

B File Search Wiew Tools Options Window Help Comp. List

s+ BEREREBECD « %

[|Label peaks greater than (%) ]

[] nsert best library search hiks 3
mjz Label [ClFormulajy-b
F =5 [|Lossfather
¥ [] overwrite contents of the list [] Mo Structures
10 D*{ 3 G [~ Spectraperpage PeakWidth B —
Legend
1 [T MeMom. Mass) Mames
[ cas Mumber
[F] Formula [ wrap Legend
Library Search Color Settings
Structure Similarity Search Title -
Scale {plot)
Zoom Dut Peaks (plot) -
Meutral Loss Display Fank Settings
3 o
Copy Plot L4
Sopy [ OF, ] [ Cancel ] [ Help
Baste
7 Clear
L Copy Structure to Clipboard 2
Send To 4
o
Print
Print Prewview
K

17



Using “Compare” Window to Display Multiple Spectra

1) Select three spectra, e.g., from your exact search of acetone using control left mouse click while
holding control key on keyboard
2) RMB somewhere within blue highlighted area and select copy with left mouse button

Lik. batch Frob. (*2) Rl Mame
1 b 944 90.2 487 Acetane

Acetone

Acetone
Acetone
Acetone
Acetone
Acetone

i [ n R R v W T

Acetone-D6

IR 2R IR 2R 2R R B BT

'
Library Search
1 Structure Similarity Search

1000 300 800 1B
Lik. Match  Prob.(%) Rl Name Selelt Al
999 90.2 487 Acetone Close All Beplicates

Acetone Export Selected 2
Acetone Send Ta

Acetone
Copy Structure to Cliphoard

Link Cormpound ID
Print

Acetone
Acetone
Acetone

Acetane Print Preview

i [ v v W v W L1

2-Propanone, O-methylo

Properties

F+ F + ¥+ ¥+ + 0 =

Acetone-Dk



Using “Compare” Window to Display Multiple Spectra

1) Go to Compare window by selecting tab at bottom of Search Display Window
2) RMB in window and then LMB on Clear to delete spectra present
3) RMB spectra of acetone related species should appear in window for comparison

Library Search 3
Structure Sirnilarity Search

e e e el C——— — - -
Zoom Dut T3 e Sowch Viw Tools Gptom Window el =H

IR EEE T

Meutral Loss Display

o Lo

1004
dh Cut
-
Copy Plot L4 ] m T
o
Copy ;
L IR LR 225 B 200 9 p BFWP 04 ‘f e 525154555657 | 5960
E Ea ste 10 5 i1 5 an E3 o & B 5 sl 6 i E3 Pl
NISTIO=131 116
1004
5
Copy Structy .
P¥ Library Search B ol \,I/"\_./
Send To Structure Similarity Search . )
1 21ei 1] 1 le
I 1
p rl nt ZD am O ut 10 15 20 25 0 El 40 & £l 55 B0 65 n ™ 80
=l NISTNO 644 {mainit] 2-Fromsnons, C-mathylaims

Print Preview Meutral Loss Display

Properties dh Cut ] . [‘>\/LJLU>/\(

Copy Plot ’ "

B Copy

2 / Clear

Copy Structure to Clipboard

Send To 4

Print

Print Prewiew:

Properties




View of Hit List Structure Search Options Utilized

LMB the “View Hit List Search Options”

See details of the last search performed

Also, an abbreviated description of the last search noted at top of NIST search window
Furthermore, at the bottom of the screen, respectively displayed, are the types of searches that will
be performed and the type of results currently displayed

£E] NIST MS Search 2.4 - [Structure Similarity Search - 400 spectral

Efile search Wiew Tools Options Mindow Help

rBESRAEBE=E~ « %

honNPE

@ b = E [1. Structure: acetone similar exact structure : v]@ F[':;;; @ @

/
Hﬁ% e = {E] NIST MS Search 24 - [Stmcmre'%im;ﬂ' Search - 400 spectra]
Search1 B File Search Wiew Tools Options “Window Help
Searcwe l:li{:l % ﬁ . % g e ?
Structure,
f
Search Options @ b = @ [1. Structure: acetone similar exact structure : v]@ T @

M atch number of rings.

4

—

Library lmvolved

Type of Search: Ident N Structure

mairlib
replib
w2l
wlZ2main
wlZiep




MS Interpreter for Correlating Structure to Spectrum:

Adding a Structure to a Spectrum

1) Import the mass spectrum from instrument data system

2) Open Librarian tab at bottom of MS Search Window
3) View in Librarian tab

—n ]

. orn 43 It ' |l||||_l.|||||lJJI a1 LN} | = /
Names Structures Hit List hPIUt."TEx‘l of Hit 4 Plotof Ht f /
h ames |

Compare | M Librarian |

F N - ISEREN Yy~ |

Lib. Search |

Other Search |

el

E] NIST MS Search 24 - [Librarian]

= I | 7 |
W File Search View Tools Options Window Help =]
tERSEBEE « 7
E0® D Xl WO
# St Name
5 s 100 245
. 3
3
370
N 118
B3 217
39 143 a05
2 el el it b 22,150,172 155 200 m__ . l
20 30 40 50 60 70 80 80 100 110 120 130 140 150 160 170 180 130 200 210 220 230 240 250 260 270 280 250 300 310 320 350 340 350 360 370 380 350 400 410 420
known

Harne:

LY. NJA ID#: 8 DB: TextFile

Comment unknown for webinar for WS interpreter

Synonyms

no synanym

EEEEEEEEEEE ; T Dt 7 21
i, Search Other Search Ham Comp L




MS Interpreter for Correlating Structure to Spectrum:

Adding a Structure to a Spectrum

1) Draw the proposed structure with drawing program and copy into clipboard
2) Open Librarian tab and select “ed “icon with left mouse click

3) LMB onFrom Clipboard to associate structure with spectrum

4) Modify name fields, synonyms, comments fields, or even edit spectrum

5) Addto List

@ MIST MS Search 2.4 - [Librarian]
B File Search \iew Tools Options Window Help

s+ 2RERE=EE « 7
@ Dol Xl 0O
# Sre. e Spectrum Information [
Tip: This is basically oA ke Pesk nfomaion
the approach used to Formula _ .
create a user library ronsnue] |0 e e
and/or user library 2 T;'r‘a“r‘f‘ght T:xt o S © @ :
entry. This will be — wertary# » : 4
discussed in detail in R * °
Webinar 5 in this Oher Hames {Syronys) w0 7 I
series. Instead of 4 ) CltRes spectun — pedks 164
“Add to List”, the “Add
to library” button will = T
be selected. AlSO, one r - o T AT A SRR A 350L 400
can “Replace” a . AdditionalInfo | | Experimental Data
current spectrum in — [[From Cipboerd | .
user |ibrary after tnknown for webinar For M3 interpreter - ®
correcting it. 4
From Inventory
5 Mo skruckure
Addtotibrary | [ ;’,ndd to List Replace Cancel ] Help ]
I
5
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MS Interpreter for Correlating Structure to Spectrum:
Sending to MS Interpreter

Entry is now ready to send to MS interpreter

Program has automatically calculated nominal molecular weight, exact mass, molecular formula, and InChiKey

Right mouse click on selected entry, then LMB on Send to/MS Interpreter
An alternative to step 3, is to send the entry to MS interpreter using F9 key

] NIST MS Search 24 - [Librarian] ——— — ———— —

T File Search Wiew Tools Options Window Help

LY T EEERE S

B0 ® D X% & X0

# Src. Name
TEIEI«{

245

Library Search
Structure Similarity Search

& cut

B Copy

EEaste
Delete
Select All

Import

Export Selected

Vv

WIS

Spec List

Compare List

Default Structure Editor

Copy Structure to Clipboard
Insert Clipboard Spectra

Print

Print Prewviewn

Properties

37

405
L

AR LA A LA AT S AN AR AR S ARSI AR SARASARRSIN" AAARMA}
B0 270 280 290 300 310 320 330 340 350 360 370 380 390 400 470 420

Hames A Simetures 7 oo Tt |\ PlotrTest /it

Lib. Search Other Search Narmes Compare
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MS Interpreter for Correlating Structure to Spectrum:
Spectrum and Structure in MS Interpreter

-All ions in black, yellow, and red correlated to structure including isotopes automatically

-lons in white are not assigned

-Spectrum can be expanded like any spectrum in NIST programs by LMB and dragging to form box
-RMB and then LMB Unzoom to return to original size

mm.;ﬁw Rl =i S e

File Edit View Options Help \
S8 ¢ & [F R 2P| [0 [ = || \
Formula Calculator | N\ Maximum Rate: 90{chain) @ 245 m/z
o[- ST =] 20 e e e R T e e ]

Formula 5§H1 (OCIZIND | Parent=404 9173

Tlon  [0+E[ADB] Mass [mDa] C[H[CI[ I [N]O
C14H0C2INO[Odd] 10 | 404 51767 62 [14]10] 2| 1] 1] 1

unknown
1 A 1 H M1
100 \!
|}Llnzoom
Options
Show Low Confidence Reactions
Showr Unexplained Cormmon Losses

Showe Mouse Position
Show myz diff.{dbl click sets new anchar)

Log Scale for Spectra

Cancel

0 _.L
mdz 40 E0

For Help, press F1 Y
— ]




MS Interpreter for Correlating Structure to Spectrum:
Stepping Through More Than One Proposed Structure

1) LMB onthe tick mark forion of interest , the display will toggle through all 4 in this example
2) Ifmorethan one is present, the box will indicate the number, in this case Y4
3) Also, you can select one of the tick marks with LMB then use your left and right arrows on keyboard to step through the
assigned ions in the mass spectrum
1 2
click on tick marks /
K/ o] o [me=a 0881 (174) ~]
.[ Maximum Rate: 93{chain) @ 308.0715 m/z
Mz exact m/z Tormula T losz | [ [rate Jrelrate Tion.rate [ppm Jabund T O+E |
5B [1/4] |53.0651257 | CaHgN |C1EH12FaN5 | Dissociation/H-Loss | B0 | 76 | B2 |56 | 743 |Even|
100
75
) F
50 ‘
protonated Triflupromazine [b+H]+
25
. 3
: /
m/z: B0 a0 100 120 140

L-Click: Select, R-Click: Menu, L-DbICIk: send or set parent, L-D'rag: zoorm
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MS Interpreter for Correlating Structure to Spectrum:
Suggested Default Settings for Electron lonization

1) Select Options with left mouse click then Fragment options
2) Setup options as noted in window

1\ 2
unknown - MSIn\Fpreter — . r—— p \
File Edit View [Opgans| Help Dpton \
] | - - = Y
= [ agmentation aptions
(| 28] ¢ K u ol
v Errar Sound On =
I Mass | Feduce Flicker -0 ' Show fragments
OnTop [ Show fragments with ho peak
Formmula o _ k=40 .- .
i Printing Optians k v Highlight unfiltered peaks
1 lon 0+ ; ; W0
OLE Registration 3
W
C14H 00D Do promrcorr e o o o e 1] 1 v Mark Isotope Peaks
¥ Show lon for Mearest Annotated Peak.
| Show Fates Impart
|
v Absolute * |anized
v Relative " Pratonated
v lon (" Deprotonated

W Showupto |99 assignments

[ Highlight if relative rate < |50

Cancel | Ok
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MS Interpreter for Correlating Structure to Spectrum:
Suggested Default Settings for Electron lonization

1) Select Isotopes Calc icon
2) Carefully set the menu options as noted in displayed Isotope Calculator Window below

1

unknown - MS Interprater - r

File Edit ‘iew Options  Help

28| || _IIC_“H_IEIEII_I_I—_IJ_I

Furmu
b | | ImE I sotope Cala miz | exact miz ormiula ozz | bwpe [rate |relrate [wonrate | 1sotope [ abur
= less = [0 [ 4059211 [C14H100INO | - [Parert [N/B | N/E | W& [+#10621| 11 |Ddd
Formuls | [C14HT0CI2IND | Parent=4d04.9179
3 [ESEER=

Tlon  |0+E|FDB| Mass [mDa] C[H G 1[N][O] s pe Calaator
Cigh10CINO[Odd] 10 [404.91767] 82 [14 0] 2] 1] 1[1] Max [100 ~| [cantociEnNg <] [ Recalcuiate |

Masz | Abundance
404.9184|100. 00000
405.9216| 15.66046
406.9157| B5.34073
4079188 10.10515
408.9132) 1110481
409.9160] 1 .E5696
410.9188)  0.14065
411.9214|  0.00867
12,9241 0.00041
413.9270]  0.00001

Basze peaks fit - discrepancy = 0.0 (0/100) ¥ Legend

W M5 [ Lock Shift:ID J o Marging L= |1 o H=| o
¥ Fit INormaI 'l ¥ Use M1 [Base peak it | |MS peak On/Of

b5: display mazz spectum; Fit: fit M5 with izotope pattem

1nn.
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1)
2)
3)

MS Interpreter for Correlating Structure to Spectrum:
Suggested Default Settings for Electron lonization

RMB in spectrum window, then LMB to select Show Mouse Position/On Cursor
Usually have the Formula Calc and Isotope Calc buttons depressed to display windows

Low confidence mechanism and unknown mechanism buttons depressed to show additional fragmentation

Unzoom

Options
Showe Lowe Confidence Reactions
Showe Unexplained Comrmon Losses

Showy Mouse Position F | v OnCursar

Showe myfz diff.{dbl click sets new anchor)

Log Scale for Spectra

Cancel

unknown - M5 Interpre)

File Edit View Options gy R,

(6| 4e|E| & [Fu Rl 2Me|[Lu [ = J_I

Formula Calculator
Mass  |r+|=[405  ~]500 <] mDa| Lo -0
Formua | [C14H10CI2IND | Parent=404.9179

1lon  |0+E|RDB| Mazs [mDa| C[H[CI| 1 |N]D]
C1aH1002IND|Odd| 10 [404 31787 62 [14[10] 2| 1] 1] 1]

T
[yl i )
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MS Interpreter for Correlating Structure to Spectrum:
Displaying the Proposed Structures

1) LMB on the ion of interest and the
2) Structure in highlighted in red in top window

unknom

Mazim

2

~

mfz | exact mdz | formula lozz tope rate [relrate [ionrate [abund [ O+E
245 1244 945789 [ CoHgl0 [ CeH4CIZM [ Dizzociation | 90 | 100 7h 999 |Ewen
C MH.
0




MS Interpreter for Correlating Structure to Spectrum:
Checking the Isotope Ratios for a Proposed Fragment

1) RMB on the formula for the ion, then LMB on Send “x” to Isotope Calc

2) Theoretical isotope ratio compared to observed

méz | exact miz armula

055 type rate |relrate [1on.rate | abur +

245 | 244.5457839 | CgH

[CeH4C2N [ Dissocistion [ 30 [ 100 [ 76

=

Send CEHEIO to [sotope Calc

[ 993 [Even |

i ' Isotope Calculator E@u
Max |100 _=| |CeHEID | |_Recaloulate |

Masz | Abundance | *Max |

244.3463)100.00000 | 100.00
245.94597|  8.75968 8.76
246.9522)  0.54236 0.54
247 .9547|  0.02536 0.03
248.9577  0.00079 n.oon
249.9603) 0.00002 0.aa

Base peaks fit -- discrepancy = 0.0 [0.80/100) ¥ Legend

W OMS [ Lock  shit=[0 o Magnel=[T o R=[1
v Fit INDrmaI vl W Use M1 |Base peak fit v | |MS peak On/Of -

lzotope abundances table heading.
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MS Interpreter for Correlating Structure to Spectrum:
Checking the Isotope Ratios for a Proposed Fragment

1) Theoretical isotope ratio for selected also shown in spectrum with horizontal yellow lines

2) Many ions can have multiple structures or mechanisms, just continue LMB on the ions to cycle display

|

2
IR =R
me'z exact mi'z formula [oz= type rate [ relrate [wonrate | ab
AF0[1/2) [369.949017F [ C14H1CIMO | CI | Dissociation | 85 95 a0 K]
El"‘x ,-'NH‘\\ —~
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MS Interpreter for Correlating Structure to Spectrum:
Other Miscellaneous Tips: Lassoing lons

1) Lasso your own substructure by LMB and circling, shows type as Highlighted and calculates m/z and formula
2) RMB on formula, e.g. C8H5I0, and LMB and Send “x” to Isotope Calc window

msz | esact mdz ormula o0ss type abun +
245 [ 244946338 | CgHgI0 [CeHarmM THinhlakted T 11 IF pn’J

Send CEHEIO to Isotope Calc

2

GE |1DD LI II:E!HEIEI ;I Recalculate I

Q Mass [ Abundance | *Max |
[ CH

244 9463]100.00000_| 10000
EF(”’{ 245 9497 _8.75968 | EB.7%
245 9522 0.54296 | 0.54
247 9547 0.025%6 | 0.03
245 9577 0.00079 | 0.00
249 9603 0.00002 | 0.00

C NH. = S
r e ' Isotope Calculator =

Mass Spectrum for C1I4H1I]CI2IN0; Mass =4

Baze peaks fit - dizcrepancy = 0.0 [0.80/100] ¥ Legend

WM T Lock  shit=[0 || Maging L= | || B=| |
[v Fit INu:urmaI vl ¥ Use M Base peak fit  +| |MS peak On/Of -
MS: dizplay mazs spectrum; Fit: fit MS with izotope pattern
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MS Interpreter for Correlating Structure to Spectrum:
Other Miscellaneous Tips: Direct Structure Paste

1) Copy structure into clipboard from drawing program, then directly paste into MS interpreter with control V on
keyboard or pull-down menu/paste

Do i it T ) -

File Edit View Options Help

}
wlul) oim] &) F® 20 [To [ =l
1

Formula Calculator

Mass =5 -|5nn ~| mDal
No Structure
Elemerts < | ‘
- =] %
Recalculate lons | 0+E [RDB [Mass [mDa B3 Esotope Calculator
I I My [T00 -] ~|  Recaloulate
I } } Mass | Abundance [ “Max
b
MW: Nominal = 0; Exact = 404.91842; Ave = 406,05 o e I I
CES S TE T WM [ lock  mize[005 o wagnet= [T [ Re[ [o |
I ¢t [Nomal <] ¥ UseMT [Base peakfic - | [MS peak o0~
M5 display mass spectium; Fit: fit MS withistope paiten
100
B pbowa - s TrARET B o REREEW al@l ®
[Fle Edn View Options Help — —— — — —
75 S(a o0 8| [T el Clu [ = o
Formula Calculator r

(& 1zotope Caleutator @]
Max[100 ] [CoREO
T s V]|
[2447543[ 10000000 | 100 00|
[z 5is7] o 7w | 67

M. Nomnal = 245; Exact = 244 34634, ve = 245,08 ? L

egend
P Ms @ Lock shi=[d | Megnel[ | [R=f
™ Fit [Nomal v] ¥ UseM1  [Base peak ft v [MS peak a0l +

MS: csplay mass specim. Fi # M5 wih sotope pafein

Wl rmamr v -
= 245; Bract = 24494634; Ave = 245,04
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Do the 3 Isomers of Methyl Hydroxybenzoate Fragment Differently?
Let’s Compare Them!

-Draw one of the isomers, methyl 4-hydroxybenzoate in ChemDraw

-Import the structure into the NIST Spec List

-Lets limit the search to minimize the number to view by “constraining” the MW
-First open the “library search options menu”

@ MIST MS Search 2.3 - [Structure Simil_aritjr Search, Constraine
] File Search Miew Tools Options Mindow Help

SHEBEE « %

@ b = E [1_ Structure: Benzoic acid, 3-hydroxy

" B Src. Mame

-Constrain the results to be displayed after the search by MW(Nominal Mass) of 152 t0 152

Library Search Options

| Search | MS/MS | Libraries | Automation | Limits | Constraints | Rl (GC)

|1ze Constraints Clar &l Selected 1

kA (M omninal b aze]
[C]Exact tass

[T]Mame Fragment |
[]Elements Yalue

[]Elements Prezent
[[Peaks
[T10ther Databages i

b alecular 'Weight 152 152

lam | »




Do the 3 Isomers of Methyl Hydroxybenzoate Fragment Differently?
Let’s Compare Them! (continued)

-Select the structure search icon to perform the similar structure search constrained by MW 152

@ MIST M Search 2.3 - [Structurg #imilarity Search, Constrained - 21 5

Efile Search Wiew To Options Window Help

# ¥ S Mame
] D.\\
Names Structures Spec List
mainlib; 267073 total structures
104
OH
1
1000 =00 [Spec. Edit] Clipboard #7
PFlot/Text of Search Spectrum . Plot of Search Spectum  f Spec Li
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Do the 3 Isomers of Methyl Hydroxybenzoate Fragment Differently?
Let’s Compare Them! (continued)

-Many hits are found
-Use control key/LMB to select entries 1,3, and 5 in hit list using LMB

I'\\, CIUL I2x0 U1 ogs
[

# Lib. M ame DatProd Distance R Deltatazs  Sun DBz
1 h ethwlparaben 1000 1000 1419 0
2 M Resorcinol monoacetate 0 Library Search
E M Methyl salicylate 33 33 0 Structure Similarity Search
4 b Hydroquinone, acetate 935 933 1383 0
! : Benzoic acid, 3-hydrosy-, methyl ester 933 937 1383 0 Copy
B b 1.3-Benzenediol, 4-propyl- 924 avo ] 2 Salmct Al
v b Phenol, 4-proposy- 06 963 - ] a -
8 M Phenal, 4-{ethaxymethyl}- 306 969 1379 0 1| Close All Beplicates
9 b 4-[2-M ethispethyl]phenol 06 963 - 0 4
10 M Phenal, 2-propasy- 306 369 : 0 1 G
11 h Phenol, 4-ethyl-2-methowxy- 01 &7 1252 0 17 Zend To »
12 i 2-Ethoxy-4-methylphenol 9m 967 - 1] 1 Copy Structure to Clipboard ]
13 b 1.4-Benzenedial, 2,3, 5-trimethyl- 895 830 - 1] 9 : )
14 M 2sopraposyphencl 878 357 1164 0 g| Uk GempoundiD -
15 ] 1-[2.3-Dikydrosyphenyllethanone 8EE 204 - n 1 Print
16 b 2 B-Dihydriosyacetophenone 2EE an4 1] 3 Print Prewiew
17 b Ethanone, 1-[2.5-dikydrosepherl]- 366 an4 ] 1
18 b 3.4-Dikhydroxyacetophenone 366 an4 ] 3 Properties
= 10 hd Dacnrminal Doarahil ore onaA n 1 A |
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Do the 3 Isomers of Methyl Hydroxybenzoate Fragment Differently?

Let’s Compare Them! (continued)
-Open the “Compare” window
-Then paste the three hits in the windows clipboard into the “Compare” window
-The ortho-isomer loses 32 for methanol which is absent in the para- and meta-isomers
-Often noted in o-isomers, “ortho-effect”

..__----- — @m

@ MIST MS Search 2.3 - [Compare Tool - 3 spectra to compare]

nj File Search Miew Tools Options Window Help — & || =
BWE e ?
100 1et K
0 NG
5
182
93 |
9 8385 OH
ol 12131 28 A |44 B0BE By Y| 73176 79 A 106 | 135 ) |
10 20 30 40 50 ED 70 80 g0 100 110 120 130 140 150 160
MISTHO=118345 Hit 1. [mainlib] Methuloaraben "NIST Mass Soectrometry D ata Center. 1330,
100 120
9 OH
i} 152
8H ~
9 - B ]
0 14 25 2932 4144 50T .|||‘. I 83 | 104 108 ) 135 |
20 Eli 40 50 i) 70 a0 ad 100 110 120 130 140 AETT:1]
MISTHO=291552 Hit 3. [mainlib) Methyl zalicylate "MIST Mass Spectrometry D ata Center, 1998
10 1t
0 D\\
5 93 182
E5
9 &3 oH
1918 %283  ma 508 s 7| o A 106 | 134 ,
20 a 40 B0 &0 70 a0 o 100 110 120 130 140 180" T 1ED
MISTHO=117334 Hit 5. [mainlib] Benzoic acid, 3-hydioxy-, methyl ester ""Chuck Anderson, Aldich Chemical Co." &
Lib. Search ] Other Search J Mames Compare | Librarian ] MSMS ]
ForHelp, press F1




Any Structure and Associated Spectrum in Program

1 ~ Sent to MS Interpreter

Library Search

DeltaMass  Name

+
-
C
>
@
o
=
o0
[

Structure Similarity Search

=
£

£

=

Benzoic acid, 3-hydrox B Co T T T
Banzoic acid, Thydrod  seneral 040 50 Send To/MS Interpreter

oxyhenzoate full spectrurm

Close All Replicates Pideb}{ Side ), Subtraction j 2 Or SeleCt Fg on keyboard
|

Spec List

=
£

=
£

=
£

Export Selected

=
£

1.3-Benzenedial, mong
1.3-Benzenediol. monc  Copy Structure to Clipboard
1.4Benzenediol. mong  |jnk Compound 1D
J-Hydroxy-henzoic aci B

£

H H
e e e e
£

Cornpare List

Defa u&!tru cture Editar

X

=
£

== T T e T e T e Y e R e T e Y e R

M Methylparaben Print Previewn |
] Benzoic acid, 3-hydro
h Fesarcinol monoacets  Properties ik
i 999 999 if { ‘ | 53 Jl'
h Hydroqumone acetate I : 15 : 2-9 A142 '.'I i . B-1 I-| |1
- 1020 30 4D 50 60 ?D BD 90 100
< L} | > (mainlib) Methyl salicylate
Hames A Structures f Hit List
] Lib. Search Other Search | Mames | Compare L
B Metryt saicylate ,"L""‘"‘.‘l"— -~ — — l=lE s

File Edit \View Options Help

EOEE R MoK -

o Maximum Rate: B6{chain) @ 120 miz
[aburd TSE |

] 100] 1o -2 Tttt ety o omasr 1o T 10T %5 foai] |
—[ Caren3 Pavent = 1520468

mmmmnu- i 5
[Canz[0es] 6 [720 a205] 20 | 74 2]
[Copie0 [Oaa] 5 [120 05697 56 [ @ 81} (

Fragment ion chemical formula

0 Benzaic acid, 2-hydro 1. Either LMB select then RMB
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Accurate Mass Spectrum Correlated to Structure in MS Interpreter:
Accurate Mass El Mass Spectral Data from Orbitrap

Calculates molecular formula showing either ppm or mDa errors limited by MF of drawn structure

(@) &[]0 &) [Fl T 2([C0 [w =l (@] |55 &) [ Rl 20 [C[0 [ o =]

_ Mass | re|-[15209349 v[a0  +] |BET| Lose -s7.0447 Mass | re |- [15609943 < |63 +|[#D3] Loss -e7.0447
_ Fomda | [E1THZNO3S -] Peenti=27i402 | Formua | [CTTHZ3ND38 v Parent= 2451442
L N
-
-
0
1 :

. or
3lons 0+E |RDE tasz Ppm| C | H Si Tlons 0+E [RDE Mass mha

0

E?H‘IENDSI Even| 15|153.09957| 0.5 7 [16]1] 1] 1 | TR
tH1a03 |Ddd | 2 | 158 09375 36 | B (14| 0] 3|0 e T e T
C11H12M |Even| G5 |159. 09543 19 |11 |12 0o g01443 - .

—||o

16
14
12

|| o
Y DU DY
— D3
%
oo —

C11H{izN |Even| G5 |158. 09643 -

A la

N e O st e Sl & 0 AW ==

File Edit View Options Help

ECBEEE ol el e i
|

—_
=

Formula Calculator

_ Tz | sRactive | fomds foss Tpe
_ voss e - [mnnma =] een| Lo -grour 158 | 158099567 | C7F1BNOS | C3H7+002 | Dissn

rate [relrate [ionrate [ppm [ &bur I+
ciations | 63 | 75 | /b |05 | 638 |Even)

Famula CTIHZIN35] ~| Perent=245.1442 0z p
] Isotope Calculator [ EINE
3lons [0+ [ADB] Mass [ Ppm[ C[H[N[O[S0
C7H1gNOSI[Even| 15 |158.09957] 0.5] 7 [16| 1] 1]1 Mas: [100 | [CoHienDSi ~| _Pecalculate

CoH1403 |Odd | 2 |156.09376] 36 | & [14] 0] a0 o T = l
Ci1H2N_|Even| 65158 09643 19 [11[12] 7] 0] 0] 5 e I undance | Tax

81001 10000000

Er/ K 73853

Il K 2637

32140
01847

LN [ 00087 I
\r H 00002 I

Mass Spectrum for C11H23N03Si; Mass = 245.1447;
W.AcetyrDL Levcine, 1TMS
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Webinar References (Internet Links)

James Little Mass Spectral Resource Website

NIST Search Software Detailed Manual

AMDIS Program for Data Processing Detailed Manual

Basic Instructions for Using AMDIS with NIST Search
Nightly Automatic Update of Users’ Libraries

Using NIST Search from Instrument Manufacturers’ Software
Chemical lonization for MW Determination

Trimethylsilyl Derivatives for GC-MS

Methyl Ester Derivatives for GC-MS

. SciFinder/ChemSpider and Accurate Mass LC-MS Data for Unknown ID’s

. Surfactant Identification

. QuickGuide.rtf Supplied with AMDIS Software Installation for Retention Indices

. New Developments in the Modeling of lon Fragmentation by MS Interpreter Software

. Enhancements to NIST MS Interpreter for Modeling High Mass Accuracy Tandem Mass Spectra

. An Automated Method for Verifying Structure-Spectral Consistency Based on lon Thermochemistry
. Combining Fragment-lon and Neutral-Loss Matching during Mass Spectral Library Searching: A

New General Purpose Algorithm Applicable to lllicit Drug ldentification

The Hybrid Search: A Mass Spectral Library Search Method for Discovery of Modifications in
Proteomics

Hybrid Search: A Method for Identifying Metabolites Absent from Tandem Mass Spectrometry
Libraries

Structure Annotation of All Mass Spectra in Untargeted Metabolomics

Most Current Handouts for Webinar Series, Parts I-V

Lipid Matrix lonization Effects in LC-MS

Mass Spectral Similarity Mapping in Hybrid Searches Applied to Fentanyl Analogs
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https://chemdata.nist.gov/dokuwiki/lib/exe/fetch.php?media=chemdata:instructions_for_using_amdis_with_nistms.pdf
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https://littlemsandsailing.wordpress.com/2011/05/01/identification-of-surfactants-in-commercial-products-by-mass-spectrometry/
https://littlemsandsailing.files.wordpress.com/2020/08/quickguide.pdf
https://chemdata.nist.gov/dokuwiki/lib/exe/fetch.php?media=chemdata:asms2019_poster_6_amayorov.pdf
https://chemdata.nist.gov/dokuwiki/lib/exe/fetch.php?media=chemdata:nist17:asms_2018_nist_msinterpreter.pdf
https://chemdata.nist.gov/mass-spc/interpreter/docs/imsc03_poster.zip
https://chemdata.nist.gov/mass-spc/interpreter/docs/imsc03_poster.zip
https://chemdata.nist.gov/mass-spc/interpreter/docs/imsc03_poster.zip
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https://pubs.acs.org/doi/abs/10.1021/acs.analchem.7b03320
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https://pubs.acs.org/doi/10.1021/acs.jproteome.6b00988
https://pubs.acs.org/doi/abs/10.1021/acs.analchem.9b03415
https://pubs.acs.org/doi/abs/10.1021/acs.analchem.9b03415
https://pubs.acs.org/doi/10.1021/acs.analchem.8b04698
https://littlemsandsailing.wordpress.com/2020/08/17/ms-master-class/
https://littlemsandsailing.wordpress.com/2020/08/17/ms-master-class/
https://littlemsandsailing.wordpress.com/2020/08/17/ms-master-class/
https://littlemsandsailing.wordpress.com/2011/05/01/marix-effects-in-lc-ms-simple-way-to-monitor/
https://littlemsandsailing.wordpress.com/2011/05/01/marix-effects-in-lc-ms-simple-way-to-monitor/
https://littlemsandsailing.wordpress.com/2011/05/01/marix-effects-in-lc-ms-simple-way-to-monitor/
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