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The Objective: Improve and automate GC/MS search and compound ID

The Solution: A multi-pronged and systematic approach

To improve the accuracy and robustness of GC/MS compound ID, a multi-pronged approach is 
used to mitigate the limitations mentioned previously, including:

• Identify mixture peaks using PCA and deconvolve into pure component MS
• Search “pure” MS against NIST library
• Utilize calibrated MS to perform formula ID on the molecular/fragment ion(s) as an orthogonal 

metric to cross validate the library search

Figure 1 outlines the algorithm5 used to determine mixture peaks and extract the pure spectra.  In 
Step 1 PCA of the MS across each peak is used to calculate the number of components for each 
peak.  Peaks that are determine to be “pure” can then be used as a model to locate the exact 
location and intensity of the underlying peaks in the “mixture” peaks (Step 2).  Once each peak 

GC/MS library search is a mainstay application for the identification, confirmation and quantitation 
of known and unknown compounds.  In spite of its huge popularity, library search results are 
sometimes ambiguous and in some instances can fail to produce any useful results.  This is due to 
a number of reasons including unresolved chromatographic peaks (mixtures), column bleed and 
background interferences, or simply the absence of the target compound in the library.  While 
there are manual methods to work around some of these limitations1, they tend to require a high 
degree of user expertise and can be tedious and time consuming.

Recent advances in MS calibration technology2,3,4 have demonstrated that commercial single quad 
GC/MS systems are capable of accurate mass measurements to ±5 mDa, and more importantly 
the isotope lineshape profiles (Spectral Accuracy) to greater than 99.0%.  This novel calibration 
method enables these instruments to perform reliable formula ID comparable to expensive high 
resolution MS instrumentation2.  In addition, we will introduce a new approach to peak mixture 
detection and spectral deconvolution which can reliably and automatically identify unresolved 
chromatographic peaks and deconvolve them into their pure component spectra. 

In this poster, we will explore utilizing these technologies to improve library search and unknown 
compound ID, automate mixture and background correction, and most importantly provide 
orthogonal metrics to provide more accurate and robust compound ID.  Finally, we will introduce a 
novel software platform which can fully automate the analysis.
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Step 3

Step 4

Figure 1.  Steps for deconvolving mixture peaks.



Formula Mass Error 
(mDa)

Spectral
Accuracy

C16H22NO2 -1.9 99.71
C14H20N4O -0.5 99.48
C12H18N7 0.8 99.15
C17H24S 3.3 98.99

Calibrate profile mode MS to a defined 
line-shape gaining 100X in mass accuracy
and >99% Spectral Accuracy

Search all formula within accurate mass
window and return best matches by 
Spectral Accuracy

An automatic, comprehensive calibration using the built-
in PFTBA calibration gas of the GC/MS provides for 
accurate mass formula search to ID formula candidates.  
The calibrated MS can be accurately matched to the 
“True” calculated MS since the line-shape is defined 
from the calibration to provide accurate formula ID.  The 
formula ID results are cross compared with the library 
search results to further confirm the match

position is known, a Classic Least Squares (CLS) solution can be used to obtain the “pure” spectra 
(Step 3).  Finally, we can search the pure spectra as well as calibrate them for accurate mass (Step 
4)

Next, Figure 2 illustrates the steps used to calibrate the profile mode, unit resolution data to obtain 
accurate mass and high Spectral Accuracy MS suitable for formula ID.

Figure 2.  Steps for calibrating for accurate mass/Spectral Accuracy.

Once the spectra are properly calibrated, the formula for both molecular and fragment ions can be 
determined and used to further validate the compound ID. The assignment of the fragment ions is 
of particular importance (Figure 2), as it can assist in identifying the structure of compounds not 
present in the libraries. 

Figure 3.  Formula ID of molecular and fragment ions can be powerful tools 
for structural elucidation.
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Without the ability to automate the described process,  the technique would require 
manual interaction which is both time consuming and costly and thus reduces its value to 
many labs.  To solve the problem, the algorithms were incorporated into a software 
architecture which is highly configurable and designed for automation, MassWorks Rx5.  
The software was configured through its built-in Method editor to perform following 
processing steps:

1. Data is read from the native MS vendor format
2. The TIC is used to locate peaks
3. For each peak the number of components is determined
4. The “pure” spectra are extracted from any mixture peaks
5. All pure spectra are searched against the NIST libraries
6. The MS are calibrated to accurate mass / high Spectral Accuracy
7. Formulas are determined for the molecular ion and fragments ions to verify the search 

results
8. Data are archived in a secure, but accessible, database

Once finished, the job is available for review and a PDF report can be distributed or 
archived.  

The software executes the method(s) automatically as the data is available at the end of 
each GC/MS run.  Figure 4 shows a screen capture of the method processor.

Summary 

A collection of advanced processing methods is applied routinely and automatically to 
conventional single quad GC/MS data.  The approach significantly enhances the confidence of 
the GC/MS qualitative analysis by identifying and deconvolving mixture peaks to eliminate 
errors in the library search.  In addition, the accurate mass/Spectral Accuracy calibration 
provides accurate formula ID of molecular/fragment ions which also enhances confidence in the 
end result.

Automating the process

Figure 4.  The Rx method processor queues up the data to be processed 
according to the method assigned.  Data is archived in a secure, accessible 
database.
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