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Introduction
Cannabis is a complex plant containing a variety of naturally occurring organic compounds in a wide range of 
concentrations, as well as xenobiotics (i.e., polyaromatic hydrocarbons, pesticides, etc.). Among these constituents, 
the cannabinoids, terpenes, and terpenoids are commonly recognized for their therapeutic properties. This plant has 
two main subspecies—Cannabis indica and Cannabis sativa—that can be differentiated by their different physical 
characteristics. Indica-dominant strains are short plants with broad, dark green leaves and have higher cannabidiol 
content than the sativa plants in which THC content is higher. Sativa-dominant strains are usually taller and have thin 
leaves with a pale green colour.

The legalization of this drug has also led to an increasing amount of consumer products being infused with CBD, 
marketed and sold for medicinal and recreational purposes. Thus, it is imperative that we are able to determine its 
total composition as this is important in determining potency and medical effectiveness (Entourage Effect). In this 
study, we use GC with Time-of-Flight Mass Spectrometry (TOF-MS) to assist in the determination of its risks and 
benefits. This powerful tool provides chromatographic separation with high-quality deconvoluted mass spectral data 
allowing for comprehensive analysis, identification, and quantification of targeted and non-targeted analytes.
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Cannabis Characterization Using GC and GCxGC 
with Time-of-Flight Mass Spectrometry

LECO Pegasus® BT 4D
• 1D and 2D Data
• Low fg sensitivity
• 105 LDR

 Greatly improved sensitivity and linear dynamic range
 Enhanced chromatographic resolution of GCxGC-TOFMS

Complexity of Cannabis 
1) Dynamic range of compounds.
2) Diversity of cannabis constituents.

Figure 1: Sativa and Indica cannabis plants. Figure 2: A complex liquid extract of cannabis.

Table 1: A complex cannabis sample of a diverse range of constitutes 

Figure 3: GCxGC-TOFMS contour plot using classifications with 
m/z filtering.

Figure 4: GCxGC-TOFMS contour plot separating coelutions.

 Terpenes
 Monoterpenes (C10)
 Sesquiterpenes (C15)
 C20
 Cannabinoids
 Alkanes
 Alkenes
 Aldehyde
 Alcohols
 More…

Figure 5: Peak True and Library Match of α-Pinene. Figure 6: Peak True of separated 
coeluting compounds.

Figure 7: Visual inspection of three hemp maps.

Figure 8: A comparison of the three hemp samples using classifications with filtering demonstrates increased quantities 
of C10 and C15 terpenes in sample I.

Figure 9: Quantitative analysis of cannabinoids reveals more THC in sample than reported.

Figure 10: Sample comparison using ChromaTOF® Tile.

Conclusion
GCxGC-TOFMS facilitates compound identification, Library searches, and Mass ∆ calculations. Data was used 
to develop maps for quantitative analysis, cannabis classification, and sample comparison. Cannabis 
comparison via statistical processing was performed using ChromaTOF Tile (based on Fisher ratios) and could 
also perform PCA analysis. 
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