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About the National Institute of Standards and TEChHOIOgy N'SI-TNATIONALINSTITUTEOF

UNITED STATES DEPARTMENT OF COMMERCE

e 1901: Founded as the National Bureau of Standards B s T i

* The national metrological institute (NMI) of the USA

* A non-regulatory agency of the US Department of Commerce @ TECHNICAL NOTE 448

* Mission: To promote U.S. innovation and industrial B JE s

competitiveness by advancing measurement science, standards,

i ; ; STATUS REPORT
and technology in ways that enhance economic security and R Felneos Dt Sysiem
improve our quality of life April 1968

* Providing Standard Reference Data (SRD) one of the core
functions of the Institute

* 1968: Congress passed the Standard Reference Data Act
e 2023: NIST currently provides more than 100 SRD products
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About the NIST Mass Spectrometry Data Center N&ST | ||‘ I|

National Institute of
Standards and Technology | Mass Spectrometry
U.S. Department of Commerce Data Center

The NIST /EPA /MSDC Mass Spectral
Database, Personal Computer Versions 1.0
and 2.0

e 1945: NIST produced the first mass spectral reference spectra
» 1988: the NIH/EPA mass spectral library was handed over to NIST

* Since that time NIST has grown the library over seven-fold

« 2023: 12t release of the NIST/NIH/EPA library

* All measurements, evaluation, software development done in house
 Total staff of 37

* Divided evenly between chemists and programmers

Distributor and price: U.S. National Institute of Standards and Technol-
ogy, Office of Standard Reference Data, Gaithers-
burg, MD 20899, US.A. (Version 1 US$ 750,
Version 2 US$ 975, upgrade from Version 1 to 2
USS$ 225).

‘Technical specifications:

Computer: Version 1: IBM XT, AT, PS/2 or compatibles with
Hercules monochrome or CGA, EGA color moni-
tor for optional graphics display. Version 2: IBM
AT, PS/2 or compatibles with VGA, EGA, CGA
color display for optional graphics.

Operating system: MS DOS

Minimum memory: 512 K (Version 1, 2), 640 K (Version 2 with all
options).

Peripherals required: Hard disk (Version 1: 8 to 14 Mbytes, Version 2: 9
to 22 Mbytes). Regular Epson compatible printer
for text only. For graphics printing HP Laserjet +
or compatible printer.
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NIST 23 Mass Spectral Libraries

40K More
NIST/EPA/NIH Compounds
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NIST/EPA/NIH EI MS Library Evolution

SRD Act Structures Compound MS Interpreter
Tandem MS - .
NIH/EPA Begin Manual Selection and Hyrid Search
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Collection of Evaluation Measurement AIRI

Collections

Red Books Finish Eull Integration All New
High Res i
9-track Tape To NIST Evaluation & of Library Measurements
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Modem AMDIS Software
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Compounds in Tandem Library
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How do we Select Compounds
to Add to Our Libraries?

Tytus Mak
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Wratnewcompotnds-are-nNST237-

How were new compounds selected for NIST237?

Why were these new compounds added to NIST23?
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http://bitterdb.agri.huji.ac.il/bitterdb/
http://147.8.185.62/services/NutriChem-2.0/Homepage_logo.png
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https://www.google.com/url?sa=i&url=https%3A%2F%2Fbovinedb.ca%2F&psig=AOvVaw3Qf6hquQ1znNKEE6Rf1yQN&ust=1684520105518000&source=images&cd=vfe&ved=0CBAQjRxqFwoTCLDl3cW8__4CFQAAAAAdAAAAABAE
https://www.google.com/imgres?imgurl=https%3A%2F%2Fhmdb.ca%2Fassets%2Fhmdb_logo-f7bd764aa882bbbb2cfb8930f5f784e60576755c3de62a23a6d99c845cbff7e3.png&tbnid=u7uCqEp2vffPkM&vet=12ahUKEwjMvuK_vf_-AhX-GFkFHcD6BQ0QMygAegUIARCqAQ..i&imgrefurl=https%3A%2F%2Fhmdb.ca%2F&docid=9qs1BnGNXpbttM&w=1000&h=675&q=HMDB&client=firefox-b-1-d&ved=2ahUKEwjMvuK_vf_-AhX-GFkFHcD6BQ0QMygAegUIARCqAQ
https://www.google.com/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fen%2F8%2F80%2FKEGG_database_logo.gif&tbnid=SArwWZ8s0d_3oM&vet=12ahUKEwiMzozMvf_-AhVIOFkFHXNUAc8QMygAegUIARDkAQ..i&imgrefurl=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FKEGG&docid=gRZXgfpTHwsyzM&w=372&h=267&q=KEGG&client=firefox-b-1-d&ved=2ahUKEwiMzozMvf_-AhVIOFkFHXNUAc8QMygAegUIARDkAQ
https://www.google.com/url?sa=i&url=http%3A%2F%2Fwww.ymdb.ca%2F&psig=AOvVaw1Y_6GyPdpx_pwcjHWPlDa3&ust=1684520491030000&source=images&cd=vfe&ved=0CBAQjRxqFwoTCIDRtf29__4CFQAAAAAdAAAAABAE
https://www.google.com/imgres?imgurl=https%3A%2F%2Fbiocyc.org%2Fgraphics2021%2FBioCyc-logo-color-genome.svg&tbnid=_ZXH7QYYTQNwYM&vet=12ahUKEwjbqf7Kvv_-AhUaEmIAHfmkCOoQMygAegUIARDBAQ..i&imgrefurl=https%3A%2F%2Fbiocyc.org%2F&docid=Izna6i7WD47ZiM&w=800&h=216&q=biocyc&hl=en&client=firefox-b-1-d&ved=2ahUKEwjbqf7Kvv_-AhUaEmIAHfmkCOoQMygAegUIARDBAQ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fcfpub.epa.gov%2Fecotox%2F&psig=AOvVaw16Bfj5PJ09vMNF6grqLuSm&ust=1684520777664000&source=images&cd=vfe&ved=0CBAQjRxqFwoTCJiZoYa___4CFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fzinc12.docking.org%2Fpbcs%2Ftcmnp&psig=AOvVaw0DtS8tvNkxk-f1zztkIDZS&ust=1684520868897000&source=images&cd=vfe&ved=0CBAQjRxqFwoTCNjV8bG___4CFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fca.linkedin.com%2Fcompany%2Fdrugbank&psig=AOvVaw1BWMohtlwTkzvnI-gTBfLk&ust=1684521085834000&source=images&cd=vfe&ved=0CBAQjRxqFwoTCNidnJnA__4CFQAAAAAdAAAAABAx
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Coverage

Depends on Sample & Application

n Tandem
Citation New | NIST23 Citation New | NIST23

Wikipedia 1570 6227 Wikipedia 1618 6424

EPA Tox 2969 7117 EPA Tox 3181 8146

Food DB 582 4273 Food DB 602 4491

EU Contaminants 6263 15149 EU Contaminants 6553 15818
Protein Data Bank 1194 4716 Protein Data Bank 1246 4945
Human Metabolome DB 1992 9393 Human Metabolome DB 2071 9686
PFAS 161 749 PFAS 90 116

Adams (Essential Oils) 2136 2136 Drug Bank 1130 3991
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MS Interpreter

El or Tandem

GBI NIST MS Scarch 20 (Al moe) - (1 Normal,Presearch Defaul - i = 91, 64 sectral

#{Ele Search View Tools Options Window Help

Type of Search El Normal

Benzeneacetamide, N-(2-naphthyl)- - MS Interpreter

Eile Edit View Options Help

@& [ &) T 2 LU [wre ] «| | [metaaiie =

Formula Calculator ] Maximum Rate: 93(chain) @ 143 m/z

Farmula CTEHTENO -

mfz exact mfz [formula | loss
Mass r+|= 143 ~ | 500 ~| mDa

T43 (172) [143.07245 | C1gHgN |CgHgO |g-ShifyDiss

L T
4lons mDa[ C[H[N[O '{/"\\/(,"\.\ -
CaH5NO 03657 36 |9 |5 [1]1 [\H/IL\.JJ,
CiaH70 04914 48 [10]7 [0[1 NN
CigHaN 07295 72 (108 [1]0
CiiH 08553 85 (11 [11[0]0

< [

Wass Specuum for C18HT5NO; Mass = 261; CAS = 713190.10-2;
ide, No(Z-naphthel

L-Click/R-Click => Next/Prev fragment
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APl & MSPepsearch

Brpaay
Name: unknown a
100 245 Formula: C22H28N20
146 M
> @
Ll /OM(NA©
= 9]1 w 153 miz Values and Intensit
266 310 153 m/z Values and Intensities:
ltilad, L T 40 2| 41 39| 42138| 43 27|
100 200 300 44 65| 45 3| 49 2| 50 7|
(Spec. Edit) unknown 51 311 52 91 53 131 54 111 ¥
PluTexto Seaich Spoctrum (P Seach Spicium K Spoc U]
700 600 500 | 100| 146 s
. 3 (mainlib) B-Hy... 4 (mainlib) Prop... ~ | 50|
993 993R 71.4P... 859 884R 2.70P... 855 884R 2.41P... 846 871R 1.86P.. 42 57 77 91195 13 158172 s 267281 310 327
+ o4t +
QC 42 57 77 gy 105 132 | 158172 | 223 267281 310 327
N 50 189
o Lo 100 146
N 245
on @T"Cnf@ : : : : : : : :
40 80 120 160 200 240 280 320
@) a unknown | Head to Tail MF=993 RMF=993 ¥ Fentanyl
i | | o o Tai (S 5y S DFwaree | Simaeion TSR T 2T
5 (replib) 1-(2-(.. 6 (mainlib) 2-M... 7 (mainlib) 2'5'... 8 (mainiib) 2'6".. Name: Fentanyl =
846 869R 1.86P_.. 845 868R 1.81P... 832 852R 1.22P. 828 848R 1.09P. | 4o | 245 Formula: C22H28N20
~ o MW: 336 Exact Mass: 336.220163
9@ AL 146 rﬁ? CAS#: 437-38-7 NIST#: 457504 ID#:
] 0O 50 5 91 189 0lN-g 42685 DB: replib
N TG l 266 310 Contributor: Laura Neubauer, Cayman
9 hdudfdad W A Chemical, Ann Arbor MI.
o % 180 270 InChiKey: PJMPHNIQZUBGLI-
- | (replib) Fentanyl UHFFFAOYSA-N N -
oL = T L (Paam
Names Compare T Toraran T

Displayed: El Nomal

= AMDIS-Chromatogram

File Analyze Made

Callable by
External Programs

AMDIS (gc/ms

mponent Mode - gaul.ms
“iew Librany Options

0
[[ime:

Run Fiescale || Info.. || <[]

22 Bl 0,305 compmmonts ()

Abundance [31.1%]
100

75
S0
25

|
0- T
Time: 15.17

T
15.21

T T
15.31 15.34

tar A

Component

[idth = 7.6 scans
Purity = 73
Model = 82 miz

\bundance [470]

100
50

o
jon/z: SO

| Scan 1799 (35.05 min)

ine.
71 3Cyclohesadiens. 1-methyH

| - || 1HINDOLE




New

Foature Separate Names and Spectra - El

@ NIST MS Search 3.0 (All mode) - [Name search] - X

| File Search View Tools Options Window Help - 8 x

AEREE« %

BENZOICACID a2 | mainlib v

Benzoi acid, 3,4-dimethoxy, n-butyl ester A
Benzoic 3-chloro-N-ethoxy-2,6-dimethoxybenzimidic anhydric 1004 105 179
Benzoic acid

Benzoic acid, 10,13-dimethyl-17-(1-methylpent-4-ynyl)-2,3,4, ‘ )
Benzoic acid, 10-chlorodecyl ester 1 77 —Si—
Benzoic acid, (1-(1,1'-biphenyl)-4-ylethylidene)hydrazide 135 4 C‘)
Co m p o u n d Benzoic acid, (1-[1,2-di(methoxymethoxy)-3-oxopropyl]-2-prc NS
Benzoic acid 1,1-dimethylethyl ester 50+

Benzoic acid, 1,2,3,4,5-pentamethylcyclopenta-2,4-dienyl est

N a m e Benzoic acid 1,2,3,9-tetrahydropyrrolo[2, 1-b]quinazolin-3-yl e |
Benzoic acid, [1-(2-methoxyethyl)-4-piperidyl] ester 45 51 194
Benzoic acid, 1-(2-t-butyl-1-methyl-5-oxoimidazolidin-4-yl)-2- | 73
Benzoic acid, 1-(2-thienyl)ethylidenamino ester 0 15 — 28 — - "I oll, 5'? §5. : ?1‘ 8'995 ‘ :I-‘ — 1%1 —r l' : 147 : |163 — |l‘ — i ‘
Benzoic acid, 1-(3,3-dimethyl-2-oxobicyclo[4.1.0]hept-7-yl)-e 20 40 60 80 100 120 140 160 180 200
Benzoic acid, 1,3,3-trimethyl-2-oxa-bicyclo[2.2.2]oct-6-yl este | | (mainlib) onic Acid, TMS derivative
Benzoic acid 1,3,3-trimethyl-4-phenyl-piperidin-4-yl ester Name: Befizoic Acid, TMS derivative ~
Benzoic acid, 1,3-dioxan-5-yl ester mla' C10H1402Si

Names L Sinciuss
I ciru Contriputor: NIST Mass Spectrometry Data Center, 2015
specium InChjKey: VEFKJOXNCSJSAQ-UHFFFAOYSA-N Non-stereo
replicate 1
S replicate 2 9] 28 11| 29 9]
p e Ct ra :P::z:‘t: 2 1] 38 3| 39 8]
. P OMOX 12| 45106| 46 8|
Repllcates bttt 3] 50 47| 51148|
precursor + Piperidide 2] 55 7| 56 2]
Derivatives ::g:zg:%gmg 57 4| 58 8| 59 28] 60 7| 61 8]
o TBDMS 3] 63 5| 64 2| 65 7| 66 2]
X 3] 68 1] 69 2| 70 2| 71 2]
Stereiosomers recursor + TMS 72 71 73 55| 74 351 75 50| 76 43|
P 77680| 78 47| 79 4| 8 2| 83 2|
precursor + TMS 85 3| 89 311 o1 121 92 3| 93 4] v
Lorecurcor + THM Plot/Text /{Plat
Lib. Search I Other Search Q Names D Compare I Librarian I
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Separate Names and Spectra - Tandem

@ NIST MS Search 3.0 (All mode) - [Name search] — x

| File Search View Tools Options Window Help -
. % B me b4

‘PFLUDROACRYLFENTANY[I | [ Clear | == |hr/ir NIST tandem ~
A
100 C13H18N=p-C9H8FNO
PFCNAFTGC_2/2,C,Cystine/8,C,Cystine
PFCNAFTGC_3/2,C,Cystine/8,C,Cystine/8,C,Amide F A =N
PFHpA 1 /
PFI-1 / N
Compound J @& ol A
p-Fluoro 4-ANBP N
p-Fluoroacetyl fentanyl
Name ! o
p-Fluorobenzoic acid
p-Fluoro benzyl fentanyl C14H15FNO=p-C8H11 _
p-Fluorobenzyl methyl ketone 0 1 S G G U K S |C1.g|.-|2‘4F‘N2‘_P_C‘:3HZ.O| S
p-Fluorobutyrylfentanyl 120 150 180 210 240 270 300 330 360
p-Fluorococaine (hr_msms_l*l#2) p-Fluoro acrylfentanyl [M+H]+ IT-FT 35% P=353.2
p-Fluoro crotonyl fentanyl Name: p-Flioro acrylfentanyl ~
p-Fluoro cyclopentyl fentanyl e: [M+H]+
', Names / Structures errl;-é:gil;;qgap with FTMS
SpECt ra HCD 45% P=353.2 Precugfor m/z: 353.2024
1o S0k P2 romfl’ Cavusrvzo
E c HCD 75% P:353-2 MW/ 352 Exact Mass: 352.195091 CAS#: 2306823-27-6 NIST#: 4038104 1D#: 233498 DB: hr_msms_nist#2
n e rg I eS e Cogfnment: NIST Mass Spectrometry Data Center
HCD 90% P=353.2
. HCD 110% P=353.2 . S - .
F ra g m e ntat | 0 n HCD 130% P=353.2 oﬁ};uartl;::t.E'I;enno Finnigan Elite Orbitrap
. Flrcgs;ﬁs%qﬁsg;zssz Collision gas: He
ReSO I utlo N =353.2 (LR) Sample inlet: direct flow injection
[M+H]+=>188.1 IT 35% P=188.1 (LR) S m type: MS2
Char ge MiH]+=>2321 IT 35% P=232.1 (LR | LB micramollL. in water/acetonitie/formic acid (50/50/0.1); Spec=Consensus Nreps=24/24 Mz_diff=1.4ppm Vial_ID=49988
- Data_source:Met_2021_3j71672
[M+H_C9HF]+ HCD 2% P=188.1 InChiKey: ZTLLQVADDIYHJU-UHFFFAOYSA-N Non-stereo Y
LS s Plot/Text / Plat

In-Source

Lib. Search I Other Search Names | Compare I Librarian I
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New non-Spectral Data
(distinguishes isospectra/compounds)

* Reliable RI For All El Library Compounds (40% => 100%)
 AIRI Fills Gaps (Lewis Geer)
e Rl Can Be Used for Scoring

e ‘Other DB’ Occurrences (‘Prior Probability’)

* Non-Spectral Databases Citing Each Compound

* 61 DBs, Wide Applications (Environmental, Drug, Food,
Metabolite, ...)

* El 21%, Tandem 78%

NIST Mass Spectrometry Data Center 19
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iy

Deviation
old 84
New 13

143K Values

1000 2000 3000 4000
@ Old Group RI @ New Al-RI
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Isomer ID by RI, Confirmation by ‘Other DBs’

Search With o-Xylene Spectrum

# Lib MF RMF

=1
m2
) o
=4
B

M
M
M
M

941
937

888
878

942
939

895
881

Prob RI
297 865
265 866
6.09 855
455 121...

New Search Type

DBs \Eluls
32 ... p-Xylene
32 ... Benzene, 1,3-dimethyl-

36 ...

35 ...

o-Xylene
Ethylbenzene

Benzeneethanol, a,B-dimethyl-

767
761
699

939
942
750

1.22
1.03
017

RI

866
865
898

origMF DBs

937
941
749

Name

o-Xylene
Cyclopentene, 1-ethenyl-3-methylene-

32 ... Benzene, 1,3-dimethyl-
32 ... p-Xylene
1G 1,3,5-Cyclooctatriene

NIST Mass Spectrometry Data Center
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The Hybrid Search: A Mass Spectral Library Search Method for
Discovery of Modifications in Proteomics

Meghan C. Burke,® * Yuri A. Mirokhin, Dmitrii V. Tchekhovskoi, Sanford P. Markey,
Jenny Heidbrink Thompson,” Christopher Larkin,” and Stephen E. Stein’

Hybrid Search

For compounds Combining Fragment-lon and Neutral-Loss Matching during Mass
. . Spectral Library Searching: A New General Purpose Algorithm
not in the Library Applicable to lllicit Drug Identification

Arun S. Moorthy,*" " William E. Wallace,” Anthony J. Kearsley,” Dmitrii V. Tchekhovskoi,”

and Stephen E. Stein’

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

Brian T. Cooper,:i_’._'_:-"i_ Xinjian Yan,” Yamil Simon-Manso,”™ Dmitrii V. Tchekhovskoi,”

Yuri A. Mirokhin,” and Stephen E. Stein’

Increasing the Coverage of a Mass Spectral Library of Milk
Oligosaccharides Using a Hybrid-Search-Based Bootstrapping
Method and Milks from a Wide Variety of Mammals

Concepcion Africano Remoroza,* Yuxue Liang, Tytus D. Mak, Yuri Mirokhin, Sergey L. Sheetlin,
Xiaoyu Yang, Joice V. San Andres, Michael L. Power, and Stephen E. Stein

Structure Annotation of All Mass Spectra in Untargeted

Metabolomics

N O n - N IST Ivana Blazenovi¢,’ _ Tobias Kind,” Michael R. Sa,’ jlan Ji," Arpana Vam}a, Benjamin ‘c‘\.’ancemcz
Bryan S. Robcrts, Hrvoje Torbasmowc, Tack Lee,l Sajjan S. Mehta,” Megan R. Qhowaltcr

Hosook Qong, Jessica Kwok,” Dieter Jahn,™* Jayoung Kim, V.O.#1 and Oliver Fiehn*

LC—MS/MS Software for Screening Unknown Erectile Dysfunction
Drugs and Analogues: Artificial Neural Network Classification, Peak-

Count Scoring, Simple Similarity Search, and Hybrid Similarity
Search Algorithms

Inae ]an&-:- Iae—ung Lee,;’- lung—min Lee,f- Beom Hee Kjrn,?' Bongiin Moon,? Iongkj Hongj’-’"'—?’

22
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Hybrid Search

28 Da (CH2CH2) Difference

100+ 146 100- -190 o1
—~N
50- 50- ° Mg 147
77 132 158 -204|
0 0 : | | _ o7 -2
70 140 -320 -240 -160 80 0
(mainlib) Fentanyl (mainlib) Fentanx'l I
| |
100- 146 245
| 189
50 42 105
i 77 132 158 | 2?9 | '3.%4' "
] 307 334 362 15729 -2
50 -80 0
’ 189
100+ 146 245 273
[ T T [ T T [ T T T I ' ' i T ™~
70 140 210 280 350
- Fentanyl Head to Tail MF=983 RMF=98 % Valeryl fentanyl

NIST Mass Spectrometry Data Center



Cocaine [M+H]+ - MS Interpreter
File Edit View Options Help

Formula Calculator

40 - l ppm |
I -

Fragmentation Class

Rates/Formulas/... MS Interpreter

High or Low Res

Formula/Mass/Isotope Called from NISTMS

Calculator
Structure for Selected Peak

Appears in Red

proton @t Cocaine [M+H]+

N/

Tics: Found
Mechanisms

Assigned
Uncertain Mechanism

Mechanism Low No /
Rate Mechanism

mfz: B0 a0 100
L-Click/R-Click == Next/Prev fragment

NIST Mass Spectrometry Data Center 24




NIST/EPA/NIH El Library:
Evaluation

Weihua Ji

NIST Mass Spectrometry Data Center



Authentic Compounds

Expanding the EI MS Library

AMDIS

Custom
Library

MS Interpreter
Hybrid Search
Al-RI

Manual
Inspection

Added 43,400 Spectra
40,200 Compounds

NIST
2023

)

Original Compounds
and Derivatives

Spectra
Retention Index (RlI)
Chemical Information

3 Evaluators
Spectra, Rl
Chemical Information

Evaluated
45,700 Spectra

NIST Mass Spectrometry Data Center



Evaluating Spectra with MS Interpreter

M-(4-Hydroxyphenyl)-3-methoxy-2-naphthalenecarboxamide d - MS Interpreter — m} * 3-Hydroxy-N-(4-methoxyphenyl)-2-naphthamide - M5 Interpreter - [m| *
File Edit View Options Help File Edit View Options Help
_I_IiI!@I_I““II-ITtMI_I_I =1 o _I_IiILI!I_IC”II-ITtiIEII_I_I =1
Formula Calculator Maximum Rate: 68(chain) @ 108 m/z | Formula Calculator Maximum Rate: 88(chain) @ 170 m/z |
Mass |,+ |= |—_[171 = e mjz | exactmfz | formula loss type H Mass |- |—_[123 <50 ] mD. mJ’z exact mjz | formula loss type H|r
P— W 171 |171.067865 |C11HgNO |C7HgO2 |2-Bond-cleavage-OE |+2 P— ”W 123 |123.0678654 \C7HgNQ |Cq1HgO2 [H-Gain-in-complex (+1
12lons |[O+E |[RDB| Mass |mDal ! OH 11lons [O+E |RDE| Mass |mDaf €
CgH13MO5|Ocd | 3 |171.08899| 88 |t CqH13MO05|0dd | 0 [123.08899] 88 | ¢
CoHMO3  |Odd | 10 |170.99509(-4.9 | ¢ CgHMO3  |Odd | 6 [122.99509(-4.9 | &
CgH503 |BEwen| 25 17110157101 |! ) CgH303  |Ewen| 55 [123.00767| 7.7 | &
CigH303 [Ewen| 95 |171.00767| 7.7 |1 ’ CgHgMNO2 |Odd | 5 [123.03148] 31 | ¢
CigHgMO2|Odd | 9 |171.03148| 31 1 C7H702  |Ewen| 45 [123.04406| 44 |:
C11HpOp |Ewen| 85 |171.04406( 44 1 CpHgNO  |Odd | 4 [123.06787| 67 |:
CiyHgNO |Ocld | 8 |171.06787| 67 |1 A CgH110  |Ewen| 35 [123.08044] 60 | € 0
C12H110 |Ewen| 25 |171.08044| 80 |1 CgHyaM |Odd | 3 [123.10425[104 | €
CieHysN |[Ocdd | 7 17110425104 1 CgHMN Qdd | 10 |123.01035] 10 |¢
C13HN Odd | 14 |171.01035| 10 1 CgH1g Ewven| 25 |123. 11683116 | ¢ OH
Cy13H1g Ewen| B5 |171.11683| 116 |1 CigH3 Ewen| 95 |123.02293] 22 |1
C1qH3 Ewen| 135 |171.02293| 22 |1 < >
< 2l 3 > < >

Mass Spectrum for C18H15N03; Mass = 293; CAS = 332931-69-8; d
N-(4-Hydroxyphenyl)}-3-methoxy-2-naphthalenecarboxamide d

Mass Spectrum for C18H15NO3; Mass = 293; CAS = 332931-69-8;
3+ Hydroxy N-(4- methoxyphenyl) -2~ naph‘[hamlde

100 100

75

b

b0

b0

25 25

miz: 100 200 300 miz: 100 200 300

L-Click/R-Click => Mext/Prev fraament A L-Click: Select, R-Click: Menu, L-DblClk: send or set parent.,, L-Drag: zoom -

NIST Mass Spectrometry Data Center



Rl and AIRI Assist Spectrum Evaluation

123
100
50
115
171
108 293
142
ol 1526 39 5263 808 | J | _ l149 | 190202 220232243 264275 L
- I L I L L LSRN WL B I ML L T e e et T ot
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

Experimental Rl: 3027

OH

o~ ARI:3145

NIST Mass Spectrometry Data Center
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Evaluating Spectra with the Hybrid Search

"7 File Search View Jools Options Window Help - & x

SHEERD» « 7

@ $» = EI |1.p-Fuorofentanyl B e aa|

p-Fluorofentanyl

263
100+

164

| \40 7N

50+ HCNI@
44 57 207 Q

105

122 136 120 220

29 96
ol P |
15l ll ol bl ]‘.Ih N W i 231244 297 352

s
i T LN T T T T T T T T T
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

(weihua_2023asms) p-Fluorofentanyl [in-source]
PlotText of Search Spectrum Pilot of Search Spectrum Spec List

0

245

100-] 263
164
501 44 57 105 207
| 18 (F-H)
‘ 0 s 247 Delta Mass F
T T 234 279 297 332 352
220
189 207 18
: 4 245
100 146 164 245 263 A
T T T T T T T T T T T T T T T T T T
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 O
p-Fluorofentanyl [ Head lo Tail MF=987 RMF=987 hd Fentanyl
= Head to Tail Side by Side Subtraction 987 98TR 2TI0RI
146

]|I| |ll| N 170 I|I| || 216 229 || 279 334
N T
1

i

i T T T T T T T T F T

20 40 60 80 100 120 40 160 180 200 220 240 260 280 300 320 340 360
(weihua_2023asms) Fentanyl [in-source]

obin 2023 Fentanyl

Lib. Search \ Other Search J Names J Compare | Librarian |

NIST Mass Spectrometry Data Center



PFAS & Environmental

Yufang Zheng

NIST Mass Spectrometry Data Center



PFAS Selection

Remove polymers
and salts

Find structures not

l in NIST 20

830 PFAS
available

942 PFAS commercially
in NIST 20

Find commercial
sources

231 PFAS
ordered

library

201 Compounds with low
quality spectra or no
NIST Mass Spectrometry Data Center




NIST MS Interpreter Aids Spectrum Evaluation

This program determines the probable origin of peaks using thermochemical rules

4,45,5,5-Pentafluoro-1-pentanol, TMS - MS Interpreter - O ®
File Edit Wiew Options Help
| (%[ &) [F %l epel[Cu [ = |
100_ 77 Formula Calculator || Maximum Rate: 77(chain) @ 235 m/z |
Mass | oo |=[11 +[500 +| mDa| Logs -108 miz | exactmiz | formula loss
Fomuda | [CaH15FS0s] | Perent-213 141|141 032189 [CpHBF4 |C3H1oF
| 91 17lons  |0+E|RDB| Mass |mDa|C|H|F]|C
139 F F CgHF 45 Even| 25 [140.97782| 22 | 3|1 |4 A Fﬁ&&,\& ;
F C3H4F30Si |Even| 15 [140 99780[-2 2] 3[4 |3 g PN
CaHF 40 Ever| 25 [140.99680]-4. 241 [4
50- 121 FF —\ | < >
O-Si— : >
107 | Mass Spectrum for CBH15F50 Si; Mass = 250;
T 47
0_ Il‘T"‘Ill 1|5T7| T |1|93| |215|2|:§|5A
40 80 120 160 200 240 »
50
Name: 4,4,5,5,5-Pentafluoro-1-pentanol, TMS -
Formula:C8H15F50Si
MW:250 07" B e e S '
m{z: 100 200
L-Click/R-Click => Mext/Prev fragment A

NIST Mass Spectrometry Data Center




100+

Hybrid Search to Aid Spectrum Evaluation

77 4,4,5,5,5-Pentafluoro-Pentanol, TMS

91

139 FE

127 133 157 193 215 235

249
DL L A N L L I L N e L I L N N AL N
140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310

10 20 30 40 50 60 70 80 90 100 110 120 130
100~ 7
o1 139 Hybrid search spectrum

T 73

. 121
50 107

] 47 g 69 95

0 15 29 il 1Ll 127 M. 157 193 215 235 249 .
14720 99 o LR i T, e 7178 T 207 235 243 285 299

' 59 69 103 121 N -
50- 47 07 Delta mass = 50 Delta mass = 50 (CF,)

] i} 141| Delta mass =50 191

95 e 145
100 Delta mass = 50
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIAIIIIIIIIIIIIIIIIIIIIIIAIIIII
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
00, 77 4,4,5,5,6,6,6-Heptafluoro-hexanol, TMS
145
3 FFF
191 E
FFF !
08—
151 171
157163 /1177 207 243 285 299

LRI B AL S N L N R N L N LU IR AL NN AR B LILYA SR
190 200 210 220 230 240 250 260 270 280 290 300 310

10
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400 PFAS spectra for 231 PFAS
Added to NIST23

6/7/23 WOE 2:50PM GC/MS: Instrumentation and Applications; Room 332

Enhancing the Coverage and Quality of Spectra of per- and polyfluoroalkyl
Substances in a Comprehensive Electron lonization Mass Spectral Library

NIST Mass Spectrometry Data Center



NIST23 Tandem Mass Spectral Library

Xiaoyu (Sara) Yang

NIST Mass Spectrometry Data Center



NIST23 Tandem Mass Spectral Library

60,000 -
60%1 51 501 e - - ~
50,000 {1  Fig. 1. Number of Compounds * Features: high quality
40000 4 comprehensive
@30 999 high and low resolution
30,000 - : :
’ library searching software
20,000 - 15,243 L :
gy 8196 9378 * Application: metabolomics, health,
10,000 4, 535 2,974 l I I environmental, pharmaceutical, forensics,
0 food, and agriculture, etc.
- J/
Release 2005 2008 2011 2012 2014 2017 2020 2023
x1000
2,500 - 2.4M 15,818

16,000

Fig. 2. Number of Spectra Fig. 3. Numbers of Compounds in Collections
14,000 -
2,000 17000 - I NIST23
10000 0,26 9,686 I NIST20
8,000 - ‘
¢ . 6,424
1000 6,000 4965 4,806 239 491 5409
652K 4,000 ] 3, 699I 3, 889I 2’861’I
500 2,000 -
234K ' 116
sk 15k 95K 122K I 26
m B EU

0 — . ) Human EPA Wikipedia Protein Food Drug PFAS
Release 2005 2008 2011 2012 2014 2017 2020 2023 Contaminants Metabolome Tox

NIST Mass Spectrometry Data Center

Data Bank DB Bank



Identifying Compounds by Searching the NIST23 Tandem MS Library

23 NIST MS Search 3.0 (Tandem mode) - [MS/MS, Presearch Default - 97 spectra]

B File Search View Tools Options Window Help

BN EREd" - %

MS Search 3.0

@ o & EI 1.cluster 017677

N @%@@1_?

# Sre. Name A Name: Cluster_017677 A
10 95.0856 2171951 MW: N/AID#: 13 DB: Text File
1 A Cluster_017677 ’ 253.1949 Comment: Spectrum=Consensus Parent=253.2161 Nreps=6/6 RT=22.4 lon_mode: P
2 A Cluster 017678 Collision_energy: 20% ID: 17677 Sample: plasma_hcd_pos
80 120 160 200 240 209 m/z Values and Intensities:
. 3 A Cluster 017679 ; ¥ | (TextFile) Cluster 017677 550178  194]| 550544 174.11| 56.0496 121| 57.0335 21.85] v
Names £ Structures 7 Spec it Plot/Text of Search Spectrum A Plot of Search Spectrum A\ Spec List /
hr_msms_nist; hr_msms_nist#2; 1934658 total 95.0856
specira 100-] 81.0700 109.1012 Human Plasma 17 1951
100- 50 57.0700 69.0700 123.1169 ' 2352057 53 1949
137.1325 161.1325 207.2108 :
1 1 ’ 175.1482 193.1951
1 p 253.2171
107 507 C10H13=p-C6H1602 133.1016 NIST23 Libra ry C16H270=p-H20 235.2064
100 C7H13=p-C9H1602 97.1016 C16H25=p-H402 217.1958 -
RS RN SR SR L L L AL L IS NSLL AL L AL L B ML L AL L I L L WL L N L IS LR R AL ISR I L |
1 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260
|a Cluster 017677 | Head to Tail MF=904 Dot=916 ¥ w-6-Hexadecenlactone
1000 800 600 400 200 Head to Tail A Side by Side \ Difference A Subtraction / 904 916R 73.8P
i _ ) Name: w-6-Hexadecenlactone A
# Lib. Score DotProd Rev-Dot Prob. 100 CTH13971016 C16H25 217.1958 Procursor type: [M+H]+
1 hr [904) o916 935 738 : instrument type: HCD
2 hr 867 880 933 24.4 C5H9 69,0702 Collision energy: NCE=20% 19eV
3 hr 724 772 831 0.80 1 . Precurso.r m/z: 253.2162)
_— Formula: C1gH2802
4 hr 703 752 924 042 MW: 252 Exact Mass: 252.20893 CAS#: 7779-50-2 NIST#: 4419512 ID#: 611023 DB: hr_msms_nist#2
5 hr 696 733 901 0.34 50 Comment: NIST Mass Spectrometry Data Center
6 hr 660 734 873 0.11 :?elate&iI CAPS#: 223104107
i on mode:
7 hr 635 770 876 0.05 Instrument: Orbitrap Fusion Lumos
8 hr 616 663 767 0.03 lonization: ESI
9 hr 612 676 808 0.02 0- Collision gas: N2
W e mnm e aa Ann Y 80 120 160 200 240 Sample inlet: direct flow injection
< > (hr_msms_nist#2) w-6-Hexadecenlactone [M+H]+ HCD 20% P=253.2 Spectrum type: MS2 v
Names A Structures / HitList N\ plot/Text of Hit A Plot of Hit /
| Lib. Search | Other Search l Names H Compare Librarian

Type of Search: MS/MS Displayed: MS/MS

NIST Mass Spectrometry Data Center




How Did We Create Our High Quality and Comprehensive Library?

e ESI: HCD, FT, IT: QTOF G Authentic compounds * Maximum coverage of
o compounds of analytical

* APCI: QTOF

interest
e Positive/Negative |:| )
e SEMPE ERElElE l * Widest range of

fragmentation conditions

\

* In-source
* 20 energy levels | Tandem mass spectra (MS2?, MS® and MS%) | y

95.0124 SO " :
0 O CsH302=p-cHeoa | Vitamin C[M+H] l Quality control e
1007 N~ o HCD, NCE=35%
H OH - |:|
] HO OQ\ o \‘,OH
129.0179 ,_— )JH :
OH

85.0280 C5H504=p-CH402 Ho/L

C4H502=p-C2H404 141.0179
C6H504=p-2H20

Full evaluation
Manual inspection

New

50

20,502 compounds
1 million spectra

‘Consensus spectra’

P Extensive annotation
C3H50=p-C3H405
0 L. .| | | 177.0387p
60 80 100 120 140 160 180

éessss EEERE

Annotating peaks with MS Interpreter

[NISTZ&' Tandem MS Library}

NIST Mass Spectrometry Data Center




561 Extractable & Leachable Compounds with APCI and
352 Compounds with APCI and ESI

C10H8 128.0625 C26H37N204 441.2782
1 Acenaphthene Q 1001 |rganox MD 1024
[M+H]+ ‘ H ‘ [M+H]+
Q-TOF, APCI N~ Q-TOF, APCI
. Energy: 40V C6H5 77.0391 C9H7 115.0546 C12H8 152.0624 i Energy: 10V
Leachable
i inmilk
C4H3 51.0233 C8H5 101.0388 | | | b 553.4046
0 |....|.'...|.'.'..|.1|1!|.. I'...—I' L | ""l""ih'l 0 —
40 50 60 70 100 110 120 130 140 150 160 420 490 560
100 CoH5 77.039 Q C4H7N202 115.0512
1004 ' _HT-
Energy: 60V / \ [M-H]
\ / C12H8 152.0623 V4 \ HCD, ESI
C4H3 51.0234 NN ' —_°"Energy: 90%
caHE 102.0467 C10H7 127.0543 NH P
50 504
C19H29N203 333.2179
C7H5 89.0388 ‘
1 I I. .III .|| . .|I.,.| [TAIR ae L, | | .I .| |. X . N | g | p 551.3845
0 UL UL RUR AL FLRL AL S ALY LA N L AL AL N AL AL AL BRI T 0 e
40 50 60 70 8 90 100 110 120 130 140 150 160 70 140 210 280 350 420 490 560
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NIST End-User and
Distributor Support

Contractor
O. David Sparkman

massspec@nist.qov

Or
ods@csi.com
1-209-483-5740

NIST Mass Spectrometry Data Center


mailto:massspec@nist.gov
mailto:ods@compuserve.com

Direct Benefit to Distributors

« Compare NIST 23 with older versions and benefits of upgrading
* Interface MS Search to 3rd party software

* Use MS Search to perform tasks done by other software
 Clarify NIST MS Data licensing requirements

» Technical support for MS Search for your end users

* Submit inquires to massspec@nist.gov

NIST Mass Spectrometry Data Center



Custom Branding For Distributors

@ MIST M5 Search 3.0 (El mode) - [Other Search]

B' File Search View Tools Options Window | Help
ﬁ . EE = s ? Help Topics
Go to Update Website

% NIST Number > Download Libraries
About MS Search..

” # Lib. Name

Branding Accomplished by:
Adding text file with name Serial.dll
to installation media

Contact me for details

About NIST MS Search 3.0 d

The NIST Mass Spectral Search Program
for the NIST/EPA/NIH EI and NIST Tandem Mass Spectral Library
Version 3.0, build Apr 18 2023

Prepared by NIST Mass Spectrometry Data Center.

About NIST MS Search 3.0 X

The NIST Mass Spectral Search Program

for the NIST/EPA/NIH EI and NIST Tandem Mass Spectral Library
\ Version 3.0, build Apr 18 2023

Prepared by NIST Mass Spectrometry Data Center.

NIST uses its best effort to deliver a high quality copy of the database and to ensure that the data shown are accurate.
However, NIST makes no warranties to that effect, ane-H sfigr any damage that may result from
errors or omissions in the database.

NIST Mass Spectrometry Data Center



NIST 23 & MS Search Manual

NIST 23 El & Tandem Mass Spectr... ~

EE A very quick guide to using AMDiS

AMDIS Help

AMDIS Manual (pdf) Ver30Man.PDF

AMDIS 32 I n
ChemStation Menu Modification C .\N I ST2 3\M S S ea rCh\
Connect NIST MS software

El & Tandem Library Users (pdf)

Lib2NIST Converter

MS Interpreter

MS Search v.3.0

MS Search v.3.0 Manuai (pdf)

Quick Start MS Search (pdf)

Read Me AMDIS

Read Me Lib2NIST

Read Me MS Search

Read Me MSMS

Tandem Library Use (pdf)

s | £ [rype here to search Windows Start Menu

NIST Standard Reference Database 1A

Mass Spectral Libraries (NIST/EPA/NIH El & NIST Tandem 2023) and
NIST Mass Spectral Search Program (Version 3.0)

For Use with Microsoft® Windows
User’s Guide

The NIST Mass Spectrometry Data Center

Stephen E. Stein, Technical Leader
William E. Wallace, Group Leader

Evaluation: Measurement/Evaluation:

Weihua Ji (El) N. Rabe Andriamaharavo (El)
James L. Little (EI) Tallat H. Bukhari (Tandem)

H. Martin Garraffo (Tandem) Edward P. Erisman (EI)

Sanford P. Markey (EI) Yuxue Liang (Tandem)

W. Gary Mallard (El) Yi Liu (Tandem)

Pedatsur Neta (Tandem) Yamil Simén-Manso (Tandem)

Kirill V. Tretyakov (EI) Quan-Long Pu (EI)

O. David Sparkman (El) Concepcion A. Remoroza (Tandem)

Nino G. Todua (EI)
Yufang Zhang (EI)

NIST Mass Spectrometry Data Center



Hyperlinks in Manual and to External files

Hyperlinks

Contents

And

€1 (] o ] =1 (=T o PSP PPSUPSPPRONN 9
Delta Mass G u Ide. PDF First Action After Program SEHUP . ....ooc et e e e e e e e e e e emee e e et e e e ensaee e e aneaeean 10
. ) e ————————————————————————— 11
Delta Mass Guide for El 1
. . The Group/Element agreements below have been observed In
Hyper“n k N Mar the eveluton of actual spectra using the Hybrid Search
OtherDBs_ PDF There are Group/Element (1) and Group Element (2). If the
sign of & is + (positive, assumed) then Group Element (2) is a
Catalog Name possible replacement for what may be Group/Element (1) in URL
EPACOMPTOX_EPA official the structure of the library compound used as the model. If the ¢.epa.qgov/dashboard/chemical-lists/PESTINERTS
Inertingredients_Nov2019 sign of § is - (negative, specified) then Group Element (1) is a Both |n .

possible replacement for what may be Group/Element (2) in

EPACOMPTOX_Pesticides the structure of the library compound used as the model

InertFinder_Nov2020

EPACOMPTOX_PLASTICS NORMAN ¢.epa.gov/dashboard/chemical-lists/CPPDBLISTB
2019 DeltaMass Nominal Group/Element (1) Group/Element (2)
Thermo_AdditivesList2022 0 imidazole ring furan ring

1 CH3502 group NH2S02 group

1 methyl on armoatic ring amine on aromatic ring

1 CH2NHZ group CH2CHS3 group

1 nitrogen in heterocyclic aromatic ring phenyl aromatic ring

1 amine on aromatic ring phenol ring

1 N in six membered heterocylic aromatic aromatic ring no nitrogen incorporated

1 insertion of N in place of carbon in 5-membered heterocyclic ring no insertion

1 TBDMS derivative attached to two NH groups TDDMS derivative inserted on O and one in group on aromatic ring

1 CH2NHZ2 onaromatic ring CH20H cn aromatic ring

NIST Mass Spectrometry Data Center



Training Videos for NIST 23 and beyond

https://littlemsandsailing.wordpress.com/

A "Little" Mass Spec and Sailing

Organic Mass Spectrometry, NMR, Sailing, Tesla, Duplicate Bridge

Mass Spec Interpretation
Services o

' ; |

B Overview “Known Unknowns” Posted by: tvasailor | May 24, 2012

4/27/23: NIST2023 Libraries and Software Available in Early June
4/8/2023: FREE Drawing Program, "Mass Spec Calculator Professional”

1/25/2023: "Approaches for Identifying New Psychoactive Substances
(NPS)" at 20232 Current Trends in Seized Drugs Analysis Symposium

11/24/22: Creating and Using Retention Indices in NIST Software
11/15/22: Forensic@NIST2022 Workshop: Seized Drug Analyses
11/01/22: Training for Wiley KnowItAll New EI Mass Spec Capabilities
10/01/22: FREE Courses for Unknown Identification Using NIST Search

BROWSE

| Monthly Archives

Search

LINKS

» Accurate Mass NIST
User Libraries

s Archives of Early MS

+ Bridge Card Game

Training videos,
handouts and instruction
on NIST Libraries and

NIST Mass Spectral
Search Program

NIST Mass Spectrometry Data Center



See You at Booth 713

NIST Mass Spectrometry Data Center




* Speaker Order
* Bill (2), Steve (7), Tytus (3), Steve (10-1,1,2,3,2,1)
* Weihua (4), Yufang (4), Sara (4), Sparkman (5)

* Stein: Coverage, Software, Names/Spectra, Search Methods,
Non-Spectral Data, EI-RI, Search Types, Hybrid Search, MS
Interpreter

NIST Mass Spectrometry Data Center
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