Wiley Spectral Webinar

Part IV: Advanced NIST Hybrid Search of El and MS/MS Spectra23
12/27/20

Note:23 Created a Separate Webinar Series on MS/MS Tandem Searches?3

James Little

tvasailor@gmail.com
https://littlemsandsailing.wordpress.com/
Kingsport, TN

=Retired* Research Fellow, Eastman Chem. Co.

=42 years experience unknown identification

=Now Consultant, MS Interpretation Services

=Specialties El GC-MS, LC-MS/MS, Chemical lonization,” Accurate Mass, Derivatization,® -°*MS library management,
SciFinder,1° Chemspider,1° Surfactant ID,'* NMR, GC-IR, organic synthesis, matrix ionization effects,?! etc.

Eastman Chemical Company, Main Site, Kingsport, TN
50 Manufacturing Sites Worldwide, ~14,500 Employees

>50 Mass Specs Networked
Worldwide

* https://en.wikipedia.org/wiki/Eastman Chemical Company



mailto:tvasailor@gmail.com
https://littlemsandsailing.wordpress.com/
https://en.wikipedia.org/wiki/Eastman_Chemical_Company

Wiley Webinar Series on Effective Use of
Mass Spectral Libraries

Part I: Spectral Searches? with NIST MS Search
Part II: Structure Searches? with NIST MS Search and Using
MS Interpreter?/13-13
Part III: AMDIS3/4/12(NIST) for Processing EI Mass Spectral Data
Files
Part IV: Advanced NIST Hybrid Search!¢1%.22 of EI and MS/MS Spectra
Part V: Creating and Sharing® User EI and MS/MS Libraries

Note:?° Handouts for All Sessions Now Online!
Google Search “little mass spec and sailing”



Table
of Contents

Topic Slide #

LY R o F= Tl w ) B X 1= O 4
Help Files for NIST SEaATCh .t vttt ittt ittt teeeeeeeeeeeeneeeneesneenneenans 5
General Windows commands/funCLions . ...t ii ittt ittt et teeneeeeennennns 6
Program description and my personal eXpPerienNCe .. .u .t e eeeeneeeeneneenea 7
Hybrid generates score based on both fragments and neutral losses ........ 8
Setting up indices for EI hybrid search for Wiley and user libraries ....12
Saving configuration for EI hybrid search ........ ..., 13
Hybrid search resultfs fOr UNKNOWN . ... ittt n et eeeeeeeeeeoeeeoeenanenans 14
Tip: See normal EI identity search results in hybrid search list ....... 15
“Mentally” merge information of hybrid and simple EI identity search ....16
Closer look at middle display of hybrid search .........cciiiiiiineennn.. 17
Neutral loss display of hybrid search results ....... ..., 18
Use available accurate mass data to support nominal mass hybrid search ..19
Hybrid search needs nominal MW of species to work properly............... 20
Using NIST software to obtain proposed nominal MW . .....c.ieeereneeennnnnn 21
View of hit list structure hybrid search Options ........eieiineennneennn 22
DeltaMass table ... i e e e e e e e e e e e e e e 23
Associlating some simple structures with DeltaMass values ........covoven.. 24

Other things to consider using hybrid search for unknown identification .25

NIST MSMS (tandem) hybrid searches ..... ..ttt ittt teenneeeeeeeeas 26
Additional NIST MSMS (tandem) hybrid search menus .........ciieieieeeeenn. 27
Wiley MSMS (tandem) L1irariesS v it in it ittt eteeeeeeeeeeaeeeeneeenaesesas 28
ST o3 I o F= T i ol o S o =B 0 = 29
ACKkNOWledgemen S & vttt ittt ittt e ettt ettt ettt e 30



Part IV: Advanced NIST Hybrid Search of El and MS/MS Spectrat6-19.22

Webinar Topics:

»Description

»Setting up search parameters, indices, and displays
=Example of unknown identification with hybrid

=Comparison of “hybrid” El to “Identity EI Normal” Search
»DeltaMass table and examples

»Use of additional information in process

=|[nformation on NIST MS/MS (Tandem) “hybrid” search?3
"Wiley MS/MS (Tandem) Library for Identity MS/MS searches

Note:23 Created a Separate Webinar Series on MS/MS Tandem Searches?3



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
|
) Z
# Lib. Mame kd atch Prob. (%] Rl = at Sy DBz =
1 i Undecane 95 A 3 ]
2 & Urdecane 945 442 1100 945 4 a L
3 R Undecane 944 st 1100 5952 4 a I
4 w Urdecans 337 443 - 355 1 1]
5 w Urdecane 333 443 - 350 1 1] B
E w Urdecane 932 443 . 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 results, use up and down arrows right arrows on keyboard to
on keyboard to quickly step quickly review results!

in presentation
P through results!

4 I
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Part IV: Advanced NIST Hybrid Search of El and MS/MS Spectratt-19.22

Program Description:

»Hybrid search generates a similarity score matching fragments and neutral losses
»Extends the scope of the library by including “nearest neighbor”

=Success requires the presence of similar compounds in the library

»Mass difference must be confined to a single region of molecule and no significant
alteration of fragmentation behavior

=DeltaMass is the mass difference between query and library compound and reflects
the modification of the molecule

My Personal Experience:

=Used for over 20,000 searches in 2 years

=Routinely amazed by the types of similar compounds with high match factors
=\Very frequently useful results not noted in “simple” (standard) similarity search
=Utility in finding similar model compounds, support for fragmentation
mechanisms, and possible identification of unknowns



Hybrid Generates a Similarity Score on Matching Both Fragment lons
and Neutral Losses of Unknown to Library Reference Spectral6-19.22

10 Standard Fragment lon 167
Spectrum of Reference
272
N
B 18
lly B F
84
4z
55
28 | | B3 B9 75 | 122 135 1m0 14 182 || iz 24 o1 24 256
15 I|I|33 I.I Iy '|”III il I|| M "Il I I|II| f .||I.I ulI il 171 Loy | II Ll ||I|| II 3 I

020 3040 B0 60 70 B0 40 100 110 130 130 140 150 160 190 180 180 200 210 230 230 240 280 o0 2R 20
MISTHO=499253 Hit &. (mainlib) Fiperidine, 1-[{4-bromo-2-fluorophenyimethydl- "NIST bMass Spectrometry Data Center, 2079"

-84
104 Neutral Loss Spectrum of
Reference
1
1 [l
173 163
504 B F
-187
-229
-216
-41
243 | o0z | B 136 i y - . o5
_255 |||| I I ! n .Illll..ll.lulll.I ol :I.I:qEI I.l 1?1 |:]|ID? 99 Islgl.”lll I:EII9 IEI.?: _|49 I|I|I| I|I _2] -1.5. . '|I
—ZED 250 —240 230 —220 =210 —EDD -1390 -180 170 -160 -150 -140 —'ISD —'IZD —11D —'IDD -90 -80 -0 -BD RO -40 =30 -20 10 0
MISTHO=499253 Hit 5. (mainlib] Pipendine, 1-[{(4-bromo-2-fluarophenylimethyl- "NIST Mass Spectrometry Data Center, 20159"




Setting Up Search Parameters for ElI Hybrid Search (pg 1)
Very Similar to Those in “Identity” EI Normal

1) LMB Library Search Options
2) Setup both Structure and Spectrum search

- MIST MS Search 2.4 -

B File Search Wiew Toals Options Miindow Help

rBRESEBEEE « 7

@ b Iﬁ' % [l. hybrid "unknown” example

A\l

Library Search Options '

Search | M5 AMS I Libraries I Autamation | Lirnits | Congtraintz | R

Spectrum Search Type

@ Similarity Precursar kw/

- l i pectum

) Identity
|El Hybiid

Spectrum Search Options

i [] Reverse Search Penalize rare compounds
[] Match lon Mode [T andem)
Presearch
@ Default ) Fast 0O ) MW 482
(0 InChlKey

blark = match zearch spectrum InChiK.ey

Other Options
Autamatian

Apply Limits

[7] Auta Feport
[] Use Constraints

Structure Similarity Search Options

b atch Mumber of Rings Show Homologues

Library Search Options

| Search I M5/MS | Libraries | Automation I Lirvits I

Available 3269426 Spectra in 51 Libraries

rnainlib

replib
_240libs_20200115.eval
apci_msrms_nisk
ar20151208

himran rrerne mick

= Add =3

| Inchuded Libs:

rnainlib
replib
ECc_new

1244231 Spectra in 9 Libraries

Spectum search v]

Library Search Options

| Sealchl MS /M35 | Libraries .-’-‘«utnmatinnl Lirnits I Cou

Aveailable 2945330 Structures in S0 Libraries

rnainlit
_z40libs_20200115, eval
apci_msms_nisk
ar20151205
biopep_msms_nist
hetikar chein merne

> Add >3

1 Included Libs: >

mainlib
ddza14
BCC_NEw

1131664 Structures in 7 Libraries

[Structure zearch hd

N

2

Lo

Note: In previous Version 2.3 (2017), “El
Hybrid” was just “Hybrid”!



Setting Up Search Parameters for ElI Hybrid Search (pg 2)
Very Similar to Those in “Identity” EI Normal

1) LMB Library Search Options

MIST MS Search

B File Search Wiew Toals Options Miindow Help

x%géﬁlﬁam«?‘

@ b Iﬁ' % [l. hybrid "unknown” example

‘\ Library Search Ophions
ry P
) | Search | M5 /M5 | Libraries | .&utu:umatiu:un| Limits | Canstrair
Library Search Options I
- & Apply Lirnits
| Search I M55 | Libraries| Automation | Limits I Canstr Minimum .ﬁ.bundance[ﬂn ,.] 1
Minimurm mez [equals ko v] 10
MHumber of Hits to Print 2|
; | (2000
Include Spectrum Plat in Report | Maimum iz [D” ]
Diraw Shucture in Plots
| [T &pply Maximum Spectrum Length | 2000 Set Default ]

[] Beturn Focus ta Caller upon Completion

Automatic Search On




Setting Up Display Parameters for ElI Hybrid Search
Critical to Include DeltaMass Column to Hits List

1) RMB in Hits List Window, then LMB Properties
2) LMB Check DeltaMass in Items to Display

1 'l n P

Library Search Properties I ﬂ
Hit Tesxt Info I Unknovn Text Info
# Lib. Match  MNumP Deltahass  Mame : Sp,au: Lizt T ext Info I Comp. Result I Higtogram
L y ) T Hits List | Spec List I Plok af Hit | Unknown Plat I Spec List Plot
mi 908 213 i Pylamine, MNrifluar..
2 M 781 215 Library Sea_rCh_ _ enylimethylloycl.. Stucture Yiew Options
3 M 766 204 Structure Similarity Search sra-4-methylbenz... Shucturs Size in % @
4 M 786 210 Ba Copy zyl)morpholine [7] Structures Only
5o 733 21 Select Al —E—fluuroph.enyl)m... Items to Dizplay
B M 71 178 Close A1l Replicates | alcohal, trifluoro... Distarce Stuchure
7 M 728 205 wlmethyl]llethylja... / Deltabd asz Structure/Hubrid
g M 726 216 Expart Selected eridinomethyllbe. . L~ [7] R Match El
9wl 721 195 <end To » oro-d-methylbenz... 7] Match na Rl El
1. b 718 185 ; lhenzene |
D e o1 Capy Structure to Clipboard F'BI" o il : Shart Library Name
- Link Cornpound ID yl)methyl](methud... ) )
1. M 709 201 Print roholinomethy ... [] Clear Histarp or Exit
1. M 06 183 ) . bromo-2-fluorobe... Color Settings
1. wl 706 183 Print Preview broma-2-fluarabe. . E—_T
1. M 705 198 nyljacetic acid o and nings i
Atomic Symbols
1. M 594 2049 gl bBromo-2Hluoro-3F-nitrotoluene
’ ) | Compound Mame -
1. M 693 184 81 4-Bromo-2-fluorophenylacetic acid
1.8 B&7 1490 40 (2-Bromo-4-flucrobenzylimorpholine Font Settings
1. M (3513 191 93 4-Bromo-2-fluorobenzyl mercaptan
Y e 100 £ i \ ol L Lo e s . Select Font Set for all views
| Lib. Search Other Search \ | Mames
[ Ok J [ Cancel ] [ Help
[]
1

11




Setting Up Indices for El Hybrid Search
Must Index Wiley and User Libraries

1) Wiley and User El libraries need to be indexed for Hybrid Searches

2) After new additions to user library, “re-indexing” required

3) Select ones to (Re)Index and then OK

4) Also, “Rebuild Structure Search Databases” to include new structure in similar search

@ NIST MS Search 2.4 - [M5/MS Hybrid, Presearch Default - 100 spectra]

n Eile Search Wiew | Tools Options Window Help ’ (Re)lndex EI Hybrid Search . > lﬂx
.. - B

=g Substructure i
kAW Estimation of Unknown
- 1 )
@b = = r :
B8 M Interpreter 9 —
# Sre R |
BB 2rD1s
1 hr
2 hr Bebuild Structure Search Databases %
3 hr iReilndex Exact Mass
4 hr (Redlndex Accurate m)fz [ |ECC_NEwW
5 hr (Rellndex EN:P_-,-'h rid Search o [JEPE-10-1-20.EWAL -
b hr (Rre)Index InChIKey
; :; iReilndex RI | > Libraries in upper case/are probably up to date
Y o Update List of Libraries /
Note

=TT ATT ATT RITT 1T il TT TTITT

Note: If you create a new user
library, Update List of Libraries or
close NIST Search program and
reopen

12



1)
2)
3)
4)

Save Configuration for El Hybrid Search
e.g., Named class_config_hybrid_ei

LMB File

LMB Save Configuration as class_config_hybrid_ei

Simple to switch between “simple” El search and “hybrid” search
Example below called “simple” El search, class_config_simple_ei

{E] NIST Ms Search 2.4 - [iybiid precursor =

Efile search Wiew Tools Options MY

/-:Il% Dpen.. Carl+0

1 Print Setup...

{ && Print Report
= Print &uto Report

Save Configuration

Restdre Configuration

\

1 class_config_hybrid_ei
2 2 class_config_ei

3 clazs_config_simple

4 class_config_bewbrid

3 class_config

& jl_hybrid

=1

Exit

13



Hybrid Search Results for Unknown

1) Best match factor is 908, next closestis 781
2) DeltaMass is 18, common for fluorine (mass 19) replacing hydrogen (mass 1) onring, i.e. 19-1=18
3) See list later for common DeltaMasses

[E] NIST MS Search 2.

B File Search View Tools Options Window Help _ =[x

EREEED~ « 7

@ % & EI |1 nybrid "unknown’ example B O 80
* Src. MName 187 Blarne: hybrid "unknown" example -
" " 100+ M MA 1D# 2 DB: Spec. List
d L LB i AAE- i S s Felated CAS#, 1267218132
108 InChiKey: IWFOQIDKANQMOL-UHFFFADYSAM  Non-stereo =
Status: Accept | 2020-03-12-13:17:10 | rabe | New spectrum
Synonyms:
313 14IN=40045 o
50 & 234
224 Imventory number : 40045
140 Fil 15215
42 96 BT min : 10.463
o | 8 117 165 203 244 Dt - 202010306 (D& 31m 4s)
Names A Smucures Spec List 29 Lily L J l 1551 _J.L 270 Sample infroduction method : GC
mainlib; replib; wil2main; wl2rep; wl2lg, 1165851 total spectra. 0 ‘ A f ! =t ) L e Inlet type : Front Mid Inlet He
30 B0 a0 120 150 180 210 240 270 300 330 Splitratio : 201
# Lk Match  NurabdP DeltaMass  Mame = | tSpec. List) hybrid "unknown" example Inlet temp : 270C -
Plot/Test of Sesrch Spectrum f_ Plot of Search Spectrum i, Spes List
m2 M 2158 70 N-[(5-Bromo-2-fluoraphenylimethyl]cycl 187
3 M 204 51 1-Eramo-2-chloro-5-luorm-4-methylbenz 100 108
[} 4 M 210 40 4-(4-Bromo-2-fluorobenzylimorpholine = 34 13
5 M 21 42 Piperidine, 1-{{4-bromo-2-flucrophenylim 140 226
| -5 i 165
B b 178 13 2-Bromo-5-fluorobenzyl alcohol, trifluoro 135' 150157 1785 zulji 214 |||23D 2£I14|I 252 959 266 279 280 SDID
7M 205 82 [(5-Bromo-2-fluoraphenyimethy] (ethyl)a. Heeg T Tty | + HHakeentl: TT I .
i 10 | | ||es S 245 253 BE
8 M 216 42 4-Bromo-1-fluoro-2-{piperidinomethyljbe e 147 187 165 203 280
9wl 199 91 1-Bromo-3-chloro-2-fluaro-4-methylhenz... 216 234 295 313
1. M 718 195 97 1-Bromo-2-fluoro-4-propylbenzens
1. M 716 21 96 [(5-Bromo-2-fluorophenylimethyl]methyl..
.M FIC I a 1-Bramo-3luora-2-morhalinomethy ... L
1. M 706 183 -56 4H-1.2, 4 Triazole, 3-{4-bramo-2-lucrabe... 10 20 30 40 50 &O 70 8O0 490 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
1. wl 706 183 -56 4H-1.2, 4 Triazole, 3-{4-bramo-2-lucrabe... [a hyhrid "unknown" example [ Head to Tail MF=908 RMF=408 hd 4-Bromo-M-methylbenzylamine, MNrifluoroacetyl-
1M 705 198 a1 2-(3-Bromo-4-fluorophenyl)acetic acid Diffarenca A, Head to Tail A_Sida by Sida_A,_Subrrstion 208
T. M 694 209 60 5-Bromao-2-fluaro-3-nitrotoluene 159 MName: 4-Bromo-MN-methylbenzylamine, NHrifluoroacety- -
1T.M 693 184 81 4-Broma-2-fluarophenylacetic acid 1004 Farmula: C1gHgBrF3NO
oM g7 190 0 4{p-Bromo-4lusrobenzyimorphaline = DMyy: 295 Exact hiass: 294.98196 CASH 1247358-37-7 MIST# 494010 [D; 197120 DE: mainlib
’ F. Other DBs: Mone
1M 66 181 33 +Bromo-2-fuorabenzyl mer.:aptan 0 Eir Contributar: NIST Mass Spectrometry Data Center, 20158
2. M 673 188 B7 4-Bromo-2-fluorophenylacetic acid, Me 84 InChikey: VIKCFYOQCKFKAMN-UHFFEAQYSA-N Mon-steren
2. M 677 182 a5 2-Bromo-5-fluorobenzyl alcohol, methyl N Belated CAS# R35-013-6 E
2. M 677 20 34 N-(5-B -2l b fanil H 1o Synonyms:
{5 Bromo 2 fuerobenzaniine st &9 - 1.Acetamide, N-[{4-bromophenyjmethyl]-2,2, 2-trifluaro-M-methyl- 2 N-Methyl-4-bromobenzylamine,
ma. M 676 154 -3 4-Bromo-2-fluorobenzyl mercaptan, S-trif 42 216 295 TFA derivative:
2. M 676 189 67 2-(3Bromo-4-fluaraphenyl)acetic acid, 63 147
me. M 674 182 57 3-Bromo-4-(trifluoromethoxy)phenal 50 I Experimental Bl median+deviation (#data B
m2 M 673 211 81 2-{5-Bromo-2-lunrophenylacstc acid 15 28 l J BIIE 118 14UJ“|5]7 1jf 255 280 Semi-standard non-polar. 154BMNA (1)
253
2. M 869 188 B 2-Bromo-5-fluorobenzyl elcohol, n-pentyl I Lok, = " n ‘u - e T F ) T Estimated non-polar retention index (n-alkane scale)
2. M 668 167 -37 2-Bromo-E-fluorobenzyl alcohal, pentaflu... 0 ] Ell 120 1500 180 1 240 7 300 30| Value: 1447 iu
2wl Bf: 108 f 4-Rrnmn--meth=?Herrazale=3-rarhe = || (mainlib) 4-Bramo-h-methylbenzylamine, MHrfluoroacetyl- Confidence interval (Diverse functional aroups): 83(50%) 382(95%) iu 2
HNames j,_Structures HHEY Plot/Test of Hit /_Fiot of Hit
] Lib. Search Dither Search Names | Compare Libraran ]

14



Tip: See Normal El Identity Search Results in Hybrid Search Hit List
Add o-match Column and Sort

1. RMB in Hybrid search list menu, LMB select “Hits List Tab”, select “Items to Display”, o-match
2. LMB on o-match header to resort by results “similar, but not identical” to standard Identity EI Normal results
3. Top 24 hits contain the substructure with F and Br on a benzyl group, m/z 187

Library Search Properties l u
Hit Text Info | Unknown T ext Info
Spec List Text Info I Comp. Besult I Histogram
Hits List | Spec List I Flat af Hit I ik Plat I Spec List Plot
Structure Wiew Dptions
Shucture Size in % Hi
[ Structures Only
Items to Display
[ 0.5coe k545 Hybrid -
o.DotPrad MSHMS Hybrid |
7 o.Match El Hybrid |
vd [ o.R Match El Hyhrid -
Short Library Mame
[ Clear History on E it
Color Settings
Bonds and Rings -
Atomic Symbals
Compound Mame -
Font Settings
Set for all views
[ 0K ] [ Cancel ] [ Help

Lita.

katch

MumbdF

74
o.Match

[y Ry
e

Deltatass

Marme

4-Bromo-MN-methylbenzylamine, I

b 781 215 554 70 M-[(5-Bromo--fluorophenylimeth 3
! h 766 204 437 M 1-Bramo-2-chloro-b-fluaro-4-meth:
| b 755 210 457 40 4-(4-Bromo-2-fluarobenzyimaorph
Resorted by o-match
[El Normal Identity
1

# Libk. Match  MNumbdAP ¥ oMatch  Deltabass MName -
1 M 701 215 569 70 M-[I5-Bromo-2-fluorophenylim

2 M 705 198 533 a1 Z-(3-Bromo-4-fluorophenyliac F
3 M 593 184 518 a1 4-Bromo-2-luaraphenylacetic

4 M B76 18?1 54 B05 -3 4-Bromo-2-fluorobenzyl merc:

+

-

Br 3
/

15



“Mentally” Merge Information of “Hybrid” and “Simple” Identity El Search

164

187

“Hybrid” Best Result

“Unknown” Spectrum

180

210 240 270 300 330

“Simple” Best Result /7 187

187

/
T

————————————
]l 210 240 270 300

“Unknown Identity”

Y AN

,f’f Er

16



Closer Look at Middle Display?'®
Top is Unknown, Bottom is “Hybrid” Spectrum

= In bottom spectrum, original ions in grey shifted by DelaMass (A) 18 for user visual comparisons
= Can take a while to adjust to this view versus standard “Head to Tail” views

b e e e prerns s fmm e i epemeemees 4y mpme -

187
100+
Unknown
F
108 F
/’FO S
|
[
313
5+ 234 N A
B9 . ~
224 < Br
140 F
. 42
o 165 298
- 5763 | 75 117 213 244
: oq 39 122 136 qgp gy 178 216 259 270 260 294
T 245 208 |
28 226
3 57 g 140 | 457 | |78 503 80 A\
50 A S <> <~ <~
147 A 165 A A
B3
42 A 2l 23 79 313
F
5 <> F
A <> No B
107 A
29
1 A = DeltaMass N
/
Hybrid Spectrum Best Fit
100+
169 187
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 20 30 40 50 RO 7080 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 230 300 310 320 330
| Unikrnown | Head to Tail MF=905 RMF=308 [w  4-Bromao-MN-methylbenzyiamine, N-rifluoroacetyl-
Difference A Hemdto Tmil 4 Side by Side 5, Subtraction § 03

17



Alternate Comparison of Hybrid Spectrum: Neutral Loss Display
Top is Unknown, Bottom is “Hybrid” Spectrum

1. RMB in spectrum window, LMB select Neutral Loss Display

2. Shows whole spectrum of reference shifted by DeltaMass of 18
3. Easier and more efficient to look at “Hybrid” display with experienced eye!

1004

b

-244

-205

-2k

50+
1004
e
-290 -2
[a

Difference He

Libragf Search
Strdcture Similarity Search

1EIEI—‘

%:u:um Cut

f'-lr:utgl Loss Display

ok Ml

-185

-126

-126

F
F
0 N
0
=79 I
a9 ~ Bt
F

B9 -1h
| ||__-55-49 -40 -33 ‘1,§H |
I _
i a7
15
-79 F 0
F
8 Br
M
//

UL L S I I IR I I I LI S LI B IR LIS I I I I I T
10 -200 190 -180 170 -160 -150 -140 <130 -120 -110 -100 -490 -80 -70 -6O -50 -40 -30 -20 -10 0O 10

Head to Tail MF=408 BhF=303

|w

4-Bromo-M-methylbenzylamine, MN-nfluoroacetyl-

a0

Mame: -Bromo-M-methylbenzylamine, Mrfluoroacetyl- -
Formula: S nHgBrFE3MNO

18 |



Use Available Accurate Mass Data to Support Nominal Mass Hybrid Search
Accurate Mass EI Data Readily Available in Some Labs !
Sub-/Low- ppm mass accuracy!

M

~

Formula: C1oH9BrF3NO

/f‘ Er

F

Formula: C1oH8BrF4NO

Best Hybrid Fit Unknown
Accurate
Accurate DeltaMass of Nominal DeltaMass of
Mass Element Mass Element
Unknown 312.9725 18.9984 313 19
Best Hybrid Fit | 294.9820 1.0078 295 1
DeltaMass 17.9906 17.9906 18 18

19



Hybrid Search Needs Nominal MW of Species to Work Properly!

= Many El spectra do not have molecular ions (~10-15%)
= User must determine by:
= Letting program determine automatically
= User proposing from logical losses at higher mass in spectrum
= Chemical lonization’
= NIST Software

= |f different than automatically determined

= LMB Library Search Options (1)

= Uncheck “in spectrum” (2)

= Enter proposed Nominal MW/Save, then search (3)

p T Dption; /{ \ Iﬁ £E] NIST MS 5e5/2.4 - [Hybrid precursor
7 { B File Segfch Wiew Tools Qptions !
Search | MS/MS | Libraries | Automation | Lifnits | Consfraints | Rl (GC)| EYT L
Spectrum Search Tupe
@ % = [E2| [1. Unknown O ldentity @ Similarity T rgrsor M $s & I (1 Unknown
-1:} [EI Hybrid v] [in spectum | ¥ Sie MName
# arc. MName i
Spectrum Search Options 1 E LInknown
1 E Unknown [7] Reverse Search Penalize rare compounds
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Using NIST Software to Obtain Proposed Nominal MW

-After (critical qualifier) library searching an unknown spectrum, uses hits and “rules-based-systems” to propose
molecular weight and substructural information
-Two different ways of estimating MW from either “Substructure Identification” (1) or “MW Estimation of Unknown” (2)

-"Simple” algorithm does not use hit list information

@ MIST MS Search 2.4 - m Eult - InLib = -1502, !

EIE”E Search  Wiews

Tools Options Window Help

tERSHE

fiil.k-_:tr'l.u:tl_n'e Identification

kAW Estimation of Unknown

Structure Search Info

BS 1S Interpreter

|25

’ 1 Search pattern MY Estirmates:

- 313 from hit list;
-= 313 simple algorithrm;

1 tri unknowen for bybrid webinar

Substructure Information

==

- i
Marne of Unknown
v unknown for hwbrid webinar
ChlarineBramite i }
CI=0, Br=1 Praobability=57 \ Miwd  Prob. [ =
Probability of presence of Cl=0%, of Br=90% 3 a7 [
1 E 57
I T
Substructural infarmation Set of Substructures in uze
Prob. (%]  Prese = || Prob. (%] Abser = # Substruct =
a5 Cller |i| 99 ! 1 OH L
a6 Br 93 CH-al. 2 CO2H
a5 halog 99 Si 3 ardH
7B F 99 A+bric 4 ROH
72 ArBr 93 ph 4] SH
B7 AR 99 M-odc B TH
B7 PhBr -~ || 99 SiCH - 7 SiH3 -
I T LI T 4[] *
|
| ook | [ P | Help |
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el N

o

View of Hit List Structure Hybrid 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
The MW guessed by the hybrid search algorithm, if not picked correctly, the search will not be done properly! See

slides 19-20

@ MIST M3 Search 2.4 - [Hybrid precursor = 4D5,JJ‘Eearch Default - 100 spectra

EIE”E search Wiew Tools Options MWindow Help

2

rBESRNBEEE~ « %

5

@ b = E [1. unknown M5 interpreter no structure V]@ l:I'::::: @ @ @

Nst Search Cptions

4] NIST MS Search 24 [Hm

/5 Efile aearch Wiew Tools Options Mindow Help
/1
<1 BeSEMEE~ — ?

Sear
Searchyd vpe

Sirnilarity - Hybrid. Precursar mdz = 405

Search Ophions
Presearch default

1.
Mo constraints

| Library [mvolved

Lirnitz : Miniriurm m/z equals to 10, Minimum abundance

mainlib
replib
wlZmain
wlZrep

Type of Search: Hybrid Displayed: Hybrid 405

TA I T ERE Y




DeltaMass Table

Hybrid DeltaMass values noted in spectral evaluation
Value note can be + /—, depending only species present/absent
Continually updated on web page as time permits*

*Link to Most Current Hybrid DeltaMass Updates

CAUTION

AREA UNDER

CONSTRUCTION
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https://littlemsandsailing.wordpress.com/2020/08/17/ms-master-class/

Associating Some Simple Structures with DeltaMass Values

" Some simple small MW compounds to illustrate types of substructural information
. Of course, these substructures can be a part of much larger molecules

Note: Odd values of DeltaMass contain one nitrogen change in structure, thus “Nitrogen Rule”
Isotope ratios and/or accurate mass helpful with redundancies
F
Cl CHs F F
F H3C\ / |

MW 204 MW 156
DeItaMass 48
MW 96 MW 112 @ MW 96 MW 146
DeltaMass 16 DeltaMass 50
F Br MW 108 MW 166

DeltaMass 58
MW 112
MW 114
DeltaMass 2
MW 128 MW 78
OH CH,

MW 96 MW 156
DeltaMass 60

DeltaMass 50
F | MW 146 MW 204
DeltaMass 58 X ©
@ © Z
N MW 94

MW 78 MW 92
MW 129 DeltaMass 2

MW 96 MW 204 N DeltaMass 51
DeltaMass 108 MW 79 MW 78
DeltaMass 1 24



Other Things to Consider Using Hybrid Search for Unknown Identification

= Accurate mass data

= Chemical ionization data’

= Sample history

= |sotope ratios (can be modeled in MS interpreter)

= Logical fragments using MS interpreter

= Other identified/related components found in sample

» |nformation from organic chemist/sample submitter

= Other techniques such as NMR, IR, elemental analysis, deuterium
exchange CI’, derivatization, etc..
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NIST MSMS (Tandem) Hybrid Searches1’-19

Note:23 Created a Separate Webinar Series on MS/MS Tandem Searches?3

» Hybrid formatted NIST libraries*
» |dentification of compounds not in the library
» Change search from El identity or El Hybrid to MS/MS or MS/MS Hybrid, respectively

NIST Tandem Mass Spectral Library
2020 Release

31K Compounds, 2X More than 2017
186K Precursor lons - 1.3M Spectra

Fragmentation Methods
27,840 HRAM (High Res Accurate Mass) Compounds
29,890 QTOF, HCD, IT-HRAM, QqQ Compounds
29,444 lon Trap Compounds (Low Res., up to M5
246 APCI HRAM ‘Extractables and Leachables’

Precursor lon Types
26,575 Protonated
12,589 Deprotonated
10,032 Water/Ammonia Loss

24,167 Other In-Source Generated

Types of Compounds and Spectra

o __ Forensics  Contaminants 75%(+) 25%(-)
B|oatft|ve Lipids Sugars and Glycans 32% MS? in-source
Peptldes\ 8% MS3 and MS?

Pesticides w Over wide energy range

Surfactants,

Metabolites
(human and
plant)

6,000 human
metabolites

MS Interpreter
sioie = Connect Peaks to Structures

Hybrid Search - Identify Compounds Not in the Library

*NIST MSMS Database link
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https://chemdata.nist.gov/dokuwiki/lib/exe/fetch.php?media=chemdata:2020-nist_tandem_library.pdf

Additional NIST MSMS (Tandem) Hybrid Search Menus

Note:23 Created a Separate Webinar Series on MS/MS Tandem Searches?3

1) Initial search limited by mass accuracy of precursors and fragments

2) LMB “MS/MS Hit List Filter Options”
3) Filters applied to hit list after the search and only affect hit list display when “Enable Filtering

1 (Tandem Only)” is checked JE] NIST MS Search 2.4 - [MS/MS Hybrid, Presearch Default - 100 spectra] g |
\ EEiIe Search Wiew Tools Qption: Window Help

( Library Searc?\ Options I& % ﬁ . % 5= @& ?

Search M¥hs | Libraries I Atormation I Limitz I Constraints I Rl [GE]|

—

@ T» & EI |1 NN-Dibutyl-24-dichlorobenzamide B L 8aVy
M5 M5 and In-zource HiRes search options " & S Mame [E
Search mdz Tolerance ?
Pracursor £ 20 ppm - 3 2
Product ions = 0.01 mdz -
MS/MS Hit List Filter i X
lgroning peaks around precursor: O=default
Precursor+ 1.6 pRMm - ["JEnable Filkering {Tandem Cnly)
Allow Precursors
[7] Peptide Scoring LSERUIERE RS M £H
Ion Trap Q-TOF
GlvcoPeptide Sconing M=+ MNa, K. cl. HCOZ
Ion Trap + FT QqQ O B
GlpcoPeptide Main Score N .
) ] [¥] other [#]HeD []-+H20, -3
@) Pephide zeguence Glpco Both [] 41l other (dimers, losses)
[T]Exclude isotopic precursars
Preferred NCEYolkage 20 [J1nclude M53+ spectra
Palarity Arvy -
a4 ] [ Cancel ] [ Help
(] ] l Cancel ] [ Help
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Wiley MSMS (Tandem) Libraries

Note:23 Created a Separate Webinar Series on MS/MS Tandem Searches?3

Wiley Registry of Tandem Mass Spectral Data, MS for ID by

Herbert Oberacher

. 12,048 positive and negative spectra of 1,163 unique
compounds

. Compounds of interest for forensics, toxicology, and pathology

=  Covering areas of illicit drugs, pharmaceuticals, pesticides, and WILEY REGISTRY'
other small bioorganic molecules of Ta"d:g:rrs Data

" Measured by the Oberacher team at the Institute of Legal 4
Medicine - ‘g j
High mass accuracy LC-MS/MS library | 7;.:.;" el || ’
Compatible with various vendor formats ‘ -

Not currently supported in hybrid format
Click here for link

Maurer/Wissenbach/Weber LC-MSn Library of Drugs, Poison,
and Their Metabolites, 2" Edition

" MS 2 and MS3 spectra of over 2,270 parent compounds and
3,600 of their metabolites

.. . Maurer/Wissenbach/Weber
" Produced for clinical research and routine labs LC-MS" Library of
=  Confirm and identify drugs, poisons, and/or their metabolites Drugs, Poisons, and
. 13,000 spectra, 10,787 structures Their Metabolites
=  Toxilogically relevant, metabolites/artifacts, endogenous Second Edition
molecules/impurities ‘

. . . Hans H. Maurer

. Compatible with various vendor formats Dirk K, Wissenbach

Armin A. Weber

. Not currently supported in hybrid format
. Click here for link

WILEY-VCH
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https://www.wiley.com/en-us/exportProduct/pdf/9781118037447
https://www.wiley.com/en-us/exportProduct/pdf/9783527346493
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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 |-V

Lipid Matrix lonization Effects in LC-MS

Mass Spectral Similarity Mapping in Hybrid Searches Applied to Fentanyl Analogs
Identification of Unknowns by MS/MS (Tandem) Spectra with NIST Search
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