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• 1901: Founded as the National Bureau of Standards

• The national metrological institute (NMI) of the USA

• A non-regulatory agency of the US Department of Commerce

• Mission: To promote U.S. innovation and industrial 
competitiveness by advancing measurement science, standards, 
and technology in ways that enhance economic security and 
improve our quality of life

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

• 1968: Congress passed the Standard Reference Data Act

• 2023: NIST currently provides more than 100 SRD products

About the National Institute of Standards and Technology
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• 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: 12th 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

About the NIST Mass Spectrometry Data Center

1978 1988
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Triennial Lift Off

NIST 23
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Presenters

Bill Wallace Introduction
Steve Stein Overview/Software
Tytus Mak Selecting Compounds
Weihua Ji EI Library
Yufang Zheng Environmental/PFAS
Xiaoyu (Sara) Yang Tandem Library
David Sparkman Users
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NIST/EPA/NIH 
Electron 

Ionization
Mass Spectra

394K EI Spectra of 
347K Compounds

GC RI Index and 
Methods

492K Values of 181K 
Compounds

Tandem MS
Small Molecule
with 1904 Biological 

Peptides

2.4M Spectra 400K 
Ions of 52K Compounds
Ion Trap/Collision Cell

NIST 23 Mass Spectral Libraries
40K More 

Compounds

60% More Compounds
75% More Spectra

56% in EI
85% in EI 
Library
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SRD Act
NIH/EPA 

Collection of 
Collections

Red Books 
9-track Tape

300 Baud 
Modem

To NIST
PC-XT Version

Finish Full 
Evaluation

AMDIS

High Res
Peptides

To EPA
Structures

Begin Manual 
Evaluation

Tandem MS
GC Retention 

2000’s1990’s1980’s1970’s

NIST/EPA/NIH EI MS Library Evolution

2010’s

Compound 
Selection and 
Measurement

Integration 
of Library 
Building
Software

2020’s

MS Interpreter
Hyrid Search

AIRI

All New
Measurements

At NIST
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How do we Select Compounds 
to Add to Our Libraries?

Tytus Mak
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What new compounds are in NIST23?

How were new compounds selected for NIST23?

Why were these new compounds added to NIST23?
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NutriChem

BovineDB

ChEBI

EPA
PARIS III

Substances 
Added To Food

Hazardous 
Substances 
Databank
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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=http%3A%2F%2Fwww.t3db.ca%2F&psig=AOvVaw0aRIUnY56UNcv3hRBSvgvm&ust=1684519847610000&source=images&cd=vfe&ved=0CBAQjRxqFwoTCIDO5Mq7__4CFQAAAAAdAAAAABAe
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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
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Automated Compound Selection Pipeline

Purchasable?

Amenable 
for Analysis?

GC-EI-MS

LC-MS/MS

Not SuitableCommercially 
Unavailable

NutriChem

BovineDB

ChEBI

EPA
PARIS III

Substances 
Added To Food

Hazardous 
Substances 
Databank

Meta-
Compendium

500K Structures

Merge via 
InChIKey

Minimize Cost

Maximize Relevance Most Compounds

Optimization
Problem
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Citation New NIST23

Wikipedia 1570 6227

EPA Tox 2969 7117

Food DB 582 4273

EU Contaminants 6263 15149

Protein Data Bank 1194 4716

Human Metabolome DB 1992 9393

PFAS 161 749

Adams (Essential Oils) 2136 2136

Citation New NIST23

Wikipedia 1618 6424

EPA Tox 3181 8146

Food DB 602 4491

EU Contaminants 6553 15818

Protein Data Bank 1246 4945

Human Metabolome DB 2071 9686

PFAS 90 116

Drug Bank 1130 3991

Coverage
Depends on Sample & Application

EI Tandem

15
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AMDIS (gc/ms)

MS Search

MS Interpreter
EI or Tandem

API & MSPepsearch

Software
Callable by 

External Programs
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Compound 
Name

Spectra
Replicates
Derivatives

Stereiosomers

Separate Names and Spectra - EI

17

New
Feature
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Compound 
Name

Spectra
Energies

Fragmentation
Resolution

Charge
In-Source
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Separate Names and Spectra - Tandem
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New non-Spectral Data
(distinguishes isospectral compounds)

• Reliable RI For All EI Library Compounds (40% => 100%)
• AIRI Fills Gaps (Lewis Geer)
• RI Can Be Used for Scoring

• ‘Other DB’ Occurrences (‘Prior Probability’)
• Non-Spectral Databases Citing Each Compound
• 61 DBs, Wide Applications (Environmental, Drug, Food, 

Metabolite, …)
• EI 21%, Tandem 78%
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Deviation
Old 84
New 13

143K Values
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Search With o-Xylene Spectrum

No RI

Use RI

#      Lib    MF  RMF   Prob       RI        DBs       Name

#      Lib    MF   RMF   Prob      RI    origMF DBs       Name

New Search Type
Isomer ID by RI, Confirmation by ‘Other DBs’
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Hybrid Search 

For compounds 
not in the Library

NIST

Non-NIST
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Score = 644

23

Hybrid Search
28 Da (CH2CH2) Difference
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Low 
Rate

Uncertain 
Mechanism

Assigned 
Mechanism

No
Mechanism

MS Interpreter
High or Low Res

Called from NISTMS

Fragmentation Class
Rates/Formulas/…

Structure for Selected Peak
Appears in Red

Tics: Found 
Mechanisms

Formula/Mass/Isotope 
Calculator
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NIST/EPA/NIH EI Library:
Evaluation

Weihua Ji
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NIST 
2023

Expanding the EI MS Library

GC/MS Custom
Library

Manual
Inspection

Authentic Compounds

Original Compounds 
and Derivatives

AMDIS

Spectra
Retention Index (RI) 
Chemical Information

MS Interpreter
Hybrid Search
AI-RI

3 Evaluators
Spectra, RI
Chemical Information

Added 43,400 Spectra
40,200 Compounds

Evaluated 
45,700 Spectra
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Evaluating Spectra with MS Interpreter

A
B
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RI and AIRI Assist Spectrum Evaluation

Experimental RI: 3027

HN

O

O

OH

HN

O

OH

O

A B

AIRI: 3145 AIRI: 3004
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Evaluating Spectra with the Hybrid Search 

N

O

N

F

N

O

N

Delta Mass 18 (F-H)

p-Fluorofentanyl

Fentanyl

263

245

18 18
18
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PFAS & Environmental

Yufang Zheng
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PFAS Selection

Over 9,000 Compounds from PFAS Master List of EPA

Remove polymers 
and salts

6,695 Compounds of Interest

Find structures not 
in NIST 20

Generate a list of 830 PFAS

Find commercial 
sources

1st Batch of 231 PFAS Obtained

Order Compounds

830 PFAS  
available

commercially

201 Compounds with low 
quality spectra or no 

retention index (RI) data

942 PFAS 
in NIST 20 

library 231 PFAS  
ordered
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NIST MS Interpreter Aids Spectrum Evaluation

This program determines the probable origin of peaks using thermochemical rules

Name: 4,4,5,5,5-Pentafluoro-1-pentanol, TMS
Formula:C8H15F5OSi
MW:250

111
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Hybrid Search to Aid Spectrum Evaluation

(yf-2023-05-31.eval) 4,4,5,5,5-Pentafluoro-1-pentanol, TMS
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Hybrid search spectrum

Delta mass = 50 (CF2)
Delta mass = 50 

Delta mass = 50 

Delta mass = 50 

4,4,5,5,6,6,6-Heptafluoro-hexanol, TMS

4,4,5,5,5-Pentafluoro-Pentanol, TMS
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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 Ionization Mass Spectral Library

400 PFAS spectra for 231 PFAS
Added to NIST23

34
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NIST23 Tandem Mass Spectral Library

Xiaoyu (Sara) Yang
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9,265
7,615

4,965 4,806
3,699 3,889 2,861

26

15,818

9,686
8,146

6,424
4,945 4,491 3,991

116
 -

 2,000
 4,000
 6,000
 8,000

 10,000
 12,000
 14,000
 16,000

x2

60%
Fig. 1. Number of Compounds

Fig. 2. Number of Spectra

PFASEU
Contaminants

Human
Metabolome

EPA 
Tox

Wikipedia Protein 
Data Bank

Food
DB

Drug
Bank

NIST23
NIST20

Fig. 3. Numbers of Compounds in Collections

NIST23 Tandem Mass Spectral Library
• Features: high quality

comprehensive
high and low resolution
library searching software

• Application: metabolomics, health, 
environmental, pharmaceutical, forensics, 
food, and agriculture, etc.
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MS Search 3.0

Human Plasma

NIST23 Library

Identifying Compounds by Searching the NIST23 Tandem MS Library
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Authentic compounds

Tandem mass spectra (MS2, MS3 and MS4)

NIST23 Tandem MS Library

How Did We Create Our High Quality and Comprehensive Library?

Annotating peaks with MS Interpreter 

• ESI: HCD, FT, IT; QTOF
• APCI: QTOF
• Positive/Negative
• In-source
• 20 energy levels

Full evaluation
Manual inspection

‘Consensus spectra’
Extensive annotation

95.0124 
C5H3O2=p-CH6O4

177.0387 p

141.0179
C6H5O4=p-2H2O

129.0179 
C5H5O4=p-CH4O285.0280

C4H5O2=p-C2H4O4

57.0332
C3H5O=p-C3H4O5

Vitamin C [M+H]+ 

HCD, NCE=35%

1

2

3

Sample analysis

Quality control

• Maximum coverage of 
compounds of analytical 
interest

• Widest range of 
fragmentation conditions

New
20,502 compounds

1 million spectra
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561 Extractable & Leachable Compounds with APCI and 
352 Compounds with APCI and ESI

Acenaphthene
[M+H]+

Q-TOF, APCI
Energy: 40V

Energy: 60V

Irganox MD 1024
[M+H]+

Q-TOF, APCI
Energy: 10V

[M-H]-
HCD, ESI
Energy: 90%

[M-H]-

HCD, ESI
Energy: 90%

Extractable 
in drugs

Leachable 
in milk
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Contractor
O. David Sparkman
massspec@nist.gov

Or
ods@csi.com

1-209-483-5740

NIST End-User and 
Distributor Support

40

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

41
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Custom Branding For Distributors

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

Contact me for details

42
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NIST 23 & MS Search Manual

Windows Start Menu

Ver30Man.PDF
In
C:\NIST23\MSSearch\

43
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Hyperlinks in Manual and to External files
Hyperlinks

Hyperlink in Manual to
OtherDBs.PDF

And
Delta_Mass_Guide.PDF

Both in:
C:\NIST23\MSSearch\
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Training Videos for NIST 23 and beyond
https://littlemsandsailing.wordpress.com/

Training videos, 
handouts and instruction 
on NIST Libraries and 
NIST Mass Spectral 
Search Program
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See You at Booth 713

46
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• 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
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