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those of the Department of Justice.



Who We Are / What We Do
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Support forensic chemistry disciplines by 

addressing measurement challenges through 

collaborative research.

Provide forensic practitioners at all levels 

(local, state, federal, and international) usable 

tools and resources.



Fundamentals of DART-MS
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• One of many ambient ionization mass 
spectrometry sources

• Conventional DART-MS uses a heated helium 
metastable gas stream for sample desorption 
and ionization

• Allows for analysis of samples with minimal 
preparation or pre-treatment

• Analysis time 1 s to 5 s

• Typical LODs ng to pg

• Can be coupled to a range of                                                                         
mass spectrometers

DART-MS Review 

Article

DOI: 10.1016/j.forc.2020.100294

DART-MS: Direct Analysis in Real Time Mass Spectrometry



Fundamentals of DART-MS
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One of the limitations of DART-MS is difficulty searching spectra due to lack of chromatography

Even with high resolution, assigning 

compounds can be difficult

Can leverage is-CID to fragment compounds 

for more specific identification

is-CID: In-Source Collision Induced Dissociation



Data Interpretation in Traditional MS
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• NIST has several existing tools to help interpret traditional 
electron impact mass spectra (EI-MS):

• Automated Mass Spectral Deconvolution and Identification 
(AMDIS): Automates extraction of GC/MS data files to generate 
consistent/reproducible mass spectra.

• Mass Spectral (MS) Search/Interpreter: A comprehensive tool for 
interacting with mass spectral libraries, including a variety of useful 
search algorithms and data interpretation tools.

• Fentanyl Classifier: A tool specifically for interacting with mass 
spectra of potential fentanyl analogs, attempting to localize the site 
of modification.

• To most effectively use these tools, a reference library is 
required

https://chemdata.nist.gov/



1. Developing is-CID mass spectral libraries
• Procuring and measuring relevant compounds

• Determine whether spectra are appropriate measurements of compounds

• Confirm all non-spectral data is correct (e.g. molecular formula, name, etc.)

2. Searching is-CID mass spectra
• Multiple (coupled) is-CID mass spectra collected per query

• Query is rarely a pure compound in real-world analysis 
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Two Key Challenges



Evaluating is-CID Mass Spectra

1. Developed a simple script with 

several filters and algorithms to 

assist in evaluating library mass 

spectra

2. Made the script and test files 

open-source and publicly 

available through github: 
https://github.com/asm3-nist/DART-MS-DBB

3. Wrote a paper summarizing the 

methods:
https://pubs.acs.org/doi/abs/10.1021/jasms.0c00

416
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https://github.com/asm3-nist/DART-MS-DBB
https://pubs.acs.org/doi/abs/10.1021/jasms.0c00416
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Evaluating is-CID Mass Spectra
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Evaluating is-CID Mass Spectra

https://github.com/asm3-nist/DART-MS-DBB


DART-MS Library
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Over the last 24 months, significant efforts have 
been made to update the DART-MS database

• 895 compounds and growing

• 3 is-CID spectra per compound

• 131 entries were carried over from the original 
library

Update 4 (Dragonfly) recently released

https://doi.org/10.18434/mds2-2313

Pinterest.com



1. Developing is-CID mass spectral libraries
• Procuring and measuring relevant compounds

• Determine whether spectra are appropriate measurements of compounds

• Confirm all non-spectral data is correct (e.g. molecular formula, name, 
etc.)

2. Searching is-CID mass spectra
• Multiple (coupled) is-CID mass spectra collected per query

• Query is rarely a pure compound in real-world analysis 
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Two Key Challenges



1. Developed the Inverted Library 

Search Algorithm (ILSA) for 

mixture analysis with multiple is-

CID mass spectra 

2. Implemented the algorithm as a 

simple application and made it 

publicly available through 

github: https://github.com/asm3-nist/DART-

MS-DST

3. Wrote a paper summarizing the 

algorithms:
https://pubs.acs.org/doi/abs/10.1021/jasms.0c

00416
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Searching is-CID Mass Spectra

https://github.com/asm3-nist/DART-MS-DST
https://pubs.acs.org/doi/abs/10.1021/jasms.0c00416
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Searching is-CID Mass Spectra

https://github.com/asm3-nist/DART-MS-DST
https://pubs.acs.org/doi/abs/10.1021/jasms.0c00416
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Searching is-CID Mass Spectra

1. Developed the Inverted Library 

Search Algorithm (ILSA) for 

mixture analysis with multiple is-

CID mass spectra 

2. Implemented the algorithm as a 

simple application and made it 

publicly available through 

github:

https://github.com/asm3-nist/DART-MS-DST

3. Wrote a paper summarizing the 

algorithms:
DOI: 10.1021/jasms.0c00416 

https://github.com/asm3-nist/DART-MS-DST


Functional research 
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Functional research 

17

Usable product



Functional research 
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Usable product
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Development of the Data Interpretation Tool (DIT)

Oct ‘20 Oct ‘21

Published 1st

update of DART-

MS Forensics 

Database

Mar ‘21Dec ‘20 Jun ‘21

Published 2nd

update of DART-

MS Forensics 

Database

Shared 1st

version of DIT 

with user  

group

Submitted papers + 

Implemented ILSA 

functionality in DIT

Collected 

feedback 

from user 

group

20DIT: Data Interpretation Tool



Survey 1 – Important Features & Bug Report
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Development of the Data Interpretation Tool (DIT)



Survey 2 – General Comments & Bug Report
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Development of the Data Interpretation Tool (DIT)



https://doi.org/10.18434/mds2-2448

So how does this 

thing work?
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https://doi.org/10.18434/mds2-2448


Future Features
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• Negative mode library

• Database builder

• Batch processing

• Tools for identification of 
unknowns

• Datamining

DOI: 10.1016/j.forc.2020.100237



Other Resources – Landing Page
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https://bit.ly/3ry0Kyx



Other Resources – Validation Package
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https://doi.org/10.18434/mds2-2424

Contains:

- Template SOP

- Template Validation Plan

- Validation Data Workup Sheets

- Validation Run Sheets

- Template Maintenance Plan

- Search Lists

Coming Soon: Training

Can help reduce validation time by up to 1-year
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DARTdata@nist.gov

Pinterest.com

https://bit.ly/3ry0Kyx


