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Free NIST GC-MS Software Lab for Universities

Very Basic Theory of GCMS Analyses

Installation of Software

Library Searches

Processing GCMS Data with AMDIS

Understanding El Fragmentation with MS Interpreter
Structure Searches with Input from ChemSketch
Creating a User Library

Advanced Processing with NIST Software
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https://littlemsandsailing.com/2023/08/university-laboratory-for-gcms-data-processing/

Hyphenated Technique: Gas Chromatography-Mass Spectrometry (GC-MS)

“GC-MS remains one of the most powerful, flexible, and widely
used tools for analyzing chemical mixtures in drug screening,
forensic, environmental, and trace analysis, as well as other
applications.”

Link to American Chemical Society: What Is Chemistry



https://www.acs.org/education/whatischemistry/landmarks/gas-chromatography-mass-spectrometry.html#:~:text=GC%2DMS%20remains%20one%20of,as%20well%20as%20other%20applications.

Complex Mixtures Separated by Chromatography for Mass Spec Analyses
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https://shiken.ai/chemistry/paper-chromatography
https://jackwestin.com/resources/mcat-content/separations-and-purifications/chromatography-basic-principles-involved-in-separation-process

Typical Gas Chromatography System Equipped
with El Mass Spectrometer as Detector

10 pl syringe -~ .

Hot injection port

Carrier gas flow . .
controller G / Electron lonization Mass

Detector
\ ) T Spectrometer
V\J |

Column oven

.

Data
processing unit

<

NIST Mass Spec Software
on Windows PC

Helium
Carrier Gas

Link to Diagram Above



https://jackwestin.com/resources/mcat-content/separations-and-purifications/chromatography-basic-principles-involved-in-separation-process
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https://www.chem.pitt.edu/facilities/mass-spectrometry/mass-spectrometry-introduction

Quadrupole Mass Spec (MS) Detector Under Vacuum
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-Change RF and DC Voltages to send one m/z value to detector at a time

-e.g. the quad scan starts at m/z 10, 11,..., 800 in <1 second to generate a mass spectrum
-Fast enough to get several spectra across a GC peak for one component

-Mass/charge vs. intensity pairs stored on PC for processing with NIST software

Link to Quadrupole Diagram



https://www2.chemistry.msu.edu/courses/cem434/Chapter%2020%20-%20Molecular%20Mass%20Spectrometry.pdf
https://www.youtube.com/watch?v=q-N4fSSz3ME
https://www.youtube.com/watch?v=q-N4fSSz3ME

Electron lonization (El) Mass Spectrum of Acetone
Very Reproducible, Easily Found in Spectral Library Search via Computer
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https://docbrown.info/page06/spectra/propanone-ms.htm

Relative Intensity

Electron lonization (El) Mass Spectrum of Acetone
Isotopic lons from Presence of 13C Carbon A+1 Element

(A=abundance)
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https://docbrown.info/page06/spectra/propanone-ms.htm

Electron lonization (El) Mass Spectrum of Methylene Chloride
More Abundant Isotopes Easily Noted and Found in Computer Search
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https://en.wikiversity.org/wiki/File:Methylene_Chlorine_Mass_Spectrum_Annotated.png

Natural Abundances of Stable Isotopes
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Table 2.1. Natural isotopic abundances of common elements.”

A A+ 1 A2
Element
Element Mass %o Mass % Mass Yo type
H 1 100 2 0.015 H A
C 12 100 13 1.1° c "A4+1"
N 14 100 15 0.37 N “A+1"
O 18 100 17 0.04 18 020 O “A4+27
F 19 100 F_ AT
Si 28 100 28 5.1 30 34 SI YA+ 2"
P 31 100 P CAT
8 32 100 33 0.79 34 44 S "A42"
o] 35 100 a7 sgzo O “a42v
Br 79 100 81 gr.3  Brova 42
| 127 100 f A
“Wapstra and Audi (1986). ['J}
£1.1 + 0.02, depending on source.

» Note that the 1sotope of lowest mass is the most
abundant for all of these elements

— “A”,.“A+17, and “A+2" elements

{1]

Link to Table Above



http://cires1.colorado.edu/jimenez/CHEM-5181/Lect/Interp1_Intro_Elem.pdf

Examples of Very Distinct Presence of A+2 Elements in a Molecular lon
Very Obvious and Easily Found in Computer Search
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Usetul isotope combinations in mass spectrometry. Isotopes of other
atoms that are possibly associated must always be taken into account,
as is shown in the framed section

Link to Figure Showing Isotopes



http://cires1.colorado.edu/jimenez/CHEM-5181/Lect/Interp1_Intro_Elem.pdf

Not All Compounds Have a Molecular lon!

-Molecular ion not stable
-Immediately fragments
-However, still easily identified by

computer search 100] 4 e
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Example of Total lon Chromatogram for a GC-MS Analysis

-lons in spectrum at each scan are summed giving a total ion current

-Plotted as intensity

-Each peak (~130 total) in chromatogram is one or more components

-Data system can display El spectrum for every scan or point in time
-Deconvolution can resolve overlapping components in a peak

-El spectrum sent to El library of ~1.2 million spectra

-Library searched in a few seconds for proposed identification

-Identifications used with sample history/knowledge organic chemistry to confirm

5.00 &6.C0 7.0C E.CO 2.0C0 10.Ca 11.00 12.00 13.00 1400 1500 16.00 17.00

Time (min) Link to Literature Chromatogram

I
500 1000 Scan No. 1500 2000


https://www.researchgate.net/publication/264536464_Determination_of_Gasoline_Residues_on_Carpets_by_SPME-GC-MS_Technique

Brief Videos of GC-MS
1t Manual Injection (3:08 min)
2"d Automated Injection (3:10 min)

nYOUTUhe Search

Position #25 is used for injection
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Link to Manual Injection 15t YouTube Video Link to Automated Injection 2" YouTube Video



https://www.youtube.com/watch?v=bVKASwadjQY
https://www.youtube.com/watch?v=q-N4fSSz3ME
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