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Phytocannabinoid
CRM Mixtures
Traceable reference materials are essential for measurement accuracy in Cannabis 
product quality testing and profiling. Cayman provides a collection of pre-made, 
multi-component CRM mixtures as well as fast turnaround of custom mixtures 
from our ISO 17034 labs to support quantitation workflows.

Features: ·  Reduce time, consumable cost, and reproducibility errors associated with preparing
   standard curves from individual standards

·  Provides ISO 17034 traceability of measurement results

·  Intended for direct snap-and-inject analysis in HPLC-UV or LC- or GC-MS applications

Explore all products and resources for potency testing,
terpene profiling, and analysis of contaminants.

·  Phytocannabinoids

·  Semi-Synthetic Cannabinoids

·  Terpenes & Flavonoids

Cannabis & Hemp Analytical Standards

·  Pesticides 

·  Mycotoxins

·  Residual Solvents

Learn more at www.caymanchem.com/cannabis-standards 0 2 4 6 8 10 12 14 16
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Streamline quantitation
workflows

Improve accuracy
& reproducibility

Easy to use &
cost-effective

Available in alternate 
batches & custom formats
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Phytocannabinoid CRM Mixtures
  ISO 17034 certified   Headspace purged with argon   Custom mixtures also available

  Packaged in glass ampules  Exempt product (US)   Available in alternate batches
  Designed for direct snap-and-inject analysis

Analytes
Included

Quantify Up to 11 Routinely Tested Cannabinoids Differentiate Acids & Neutrals
11-Mix 10-Mix 9-Mix (CA) 6-Mix 5-Mix 4-Mix 3-Mix Neutrals 8-Mix Neutrals 9-Mix Acids 6-Mix Acids 7-Mix

CBD

Δ9-THC

CBN

THCA-A

CBDA

CBG

CBC

Δ8-THC

CBDV

THCV

CBGA

CBDVA

THCVA

CBCA

CBL

CBNA

Mixture Diluent acetonitrile methanol acetonitrile methanol 99:1 acetonitrile:DIPEA

Fill Volume  0.5 ml or 1 ml 1 ml 0.5 ml 1 ml 0.5 ml 1 ml

Available
Formats

View Online View Online View Online View Online View Online View Online View Online View Online View Online View Online View Online

https://www.caymanchem.com/
https://www.caymanchem.com/
https://www.caymanchem.com/forensics/search/productSearch?page=1&q=Phytocannabinoid+Mixture+11+%28CRM%29&utm_source=mixtures_table&utm_medium=pdf_link&utm_campaign=phyto_mix
https://www.caymanchem.com/forensics/search/productSearch?page=1&q=21305&utm_source=mixtures_table&utm_medium=pdf_link&utm_campaign=phyto_mix
https://www.caymanchem.com/forensics/search/productSearch?page=1&q=41266&utm_source=mixtures_table&utm_medium=pdf_link&utm_campaign=phyto_mix
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Additional Cannabis & Hemp Analytical Testing Resources

Want adjustments to formulation or components? Cayman 
offers fast turnaround of custom phytocannabinoid CRM 
mixtures from our ISO 17034 labs.
·  Tailored Formulations 

·  Curated Component Selection

·  Fast Quoting Process
Inquire with our Sales Team at sales@caymanchem.com

See the method at www.caymanchem.com/cannabis-mixtures-poster

Learn how our scientists developed a robust method to resolve coeluting components 
for expedited production of custom phytocannabinoid CRM mixtures.

Custom Phytocannabinoid CRM Mixtures

Creating Custom Cannabis CRM Mixtures:
Forty-seven Phytocannabinoids, One HPLC Method
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CONVENTIONS

NAMING
CONVENTIONS

Resorcinol Root Name

Main Scaffold Motifs and Names

When naming phytocannabinoids, the prefix “cannabi” always appears in the main scaffold which drives 
the name and acronym of each compound.1 The resorcinol root will designate the original C5 series and 
its C3 and C1 homologs. Listed here are the main scaffolds observed in phytocannabinoids. Because of the 
prevalence of the olivetolic root, the standard names will all contain the suffix -OL or –NOL, with a few 
exceptions. When describing the C3 and C1 homologs, the scaffold name is amended by dropping the 
-OL and replacing the suffix with -VARIN/VARINOL (C3) or -ORCIN/ORCOL (C1). The -ethyl (C2), 
-butyl (C4), -hexyl (C6), and -phorol (C7) homologs have also been positively identified in Cannabis. 
Another convention exists where the suffix is placed within the scaffold name (-ORC- as in
cannabichromene → cannabiorcochromene).

When added to the end of the acronym, "M" = methyl ester (e.g., CBDM = cannabidiol methyl ester) 
and "A" = carboxylated olivetolic acid (e.g., THCA = tetrahydrocannabinolic acid) 
1. Brenneisen, R. Chemistry and analysis of phytocannabinoids and other Cannabis
   constituents. Marijuana and the Cannabinoids. ElSohly, M.A., editor, Humana Press (2007).

2. Mechoulam, R. and Gaoni, Y. Fortschr. Chem. Org. Naturst. 25, 175-213 (1967).
3. ElSohly, M.A. and Slade, D. Life Sci. 78(5), 539-548 (2005).
4. Hanuš, L.O., Meyer, S.M., Muñoz, E., et al. Nat. Prod. Rep. 33(12), 1357-1392 (2016).

The two most common conventions for numbering THC are the dibenzopyran and monoterpene 
systems.2,3 The monoterpene convention is more commonly used for CBD structures. The biphenyl 
and Lord Alexander Todd numbering systems are older and less common.2,3 A simple terpenoid 
numbering system is used for CBC, CBG, CBE, and CBL structures.3,4

Dibenzopyran numbering designates the double bond of 
interest as Δ8 or Δ9.

Monoterpene numbering designates the dibenzopyran Δ8

configuration as Δ6. The dibenzopyran Δ9 configuration is Δ1

(or Δ2).
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VARINOL SERIES
ORCINOL SERIES

Olivetolic phytocannabinoids are considered classic, as these are the compounds that 
are ubiquitous to all varietals of Cannabis. This series is not only the most dominant in 
the Cannabis species but also the most widely studied in the literature.

CLASSIC OLIVETOL SERIES

Biosynthesis
Enzymes

Oxidation, Heat &
Light Exposure

PHYTOCANNABINOID GUIDE
BIOSYNTHESIS, NAMING, AND NUMBERING

© 2018 Cayman Chemical
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Orcinolic phytocannabinoids have been identified in Nepalese
and Brazilian samples but are also found as major compounds
in non-Cannabis species such as Rhododendron.

Varinolic phytocannabinoids were once rare but are now  targets
of selective breeding. They have also been exhibited in higher
abundance in C. indica over C. sativa.

Phytocannabinoid Guide:
Biosynthesis, Naming, and Numbering
Request the poster at
www.caymanchem.com/phyto-poster

Lab Wall Poster

GC Separation for Identification 
of iso-THC Contaminants and 
Accurate Quantification of
Δ8-THC and Δ9-THC in
Cannabis Samples

HPLC Method to Differentiate Four 
THC Stereoisomers Formed from
Δ9-THC Degradation: (6aR,9R)-Δ10-
THC, (6aR,9S)-Δ10-THC, 9(R)-Δ6a,10a-
THC, and 9(S)-Δ6a,10a-THC

See the method at
www.caymanchem.com/thc-contaminants

Learn more at
www.caymanchem.com/thc-stereoisomers

Application Note Application Note
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GC Separation for Identification 

of iso-THC Contaminants and 

Accurate Quantification of

8

9-THC in

Cannabis Samples

Jeffrey B. W
illiams, Jianmei Liu, and Kirk W

. Hering, Ph.D.

Cayman Chemical Company, Ann Arbor, MI 

·  Synthetic conversion of cannabidiol (CBD) to the tetrahydrocannabinols (THCs)

9

8-THC produces measurable quantities of the iso-THC products

8-iso

4(8)-iso-THC.

·  Co-elution of THCs and iso-THCs makes C18 reversed phase-HPLC (RP-HPLC)

   methods unsuitable for the quantification of THCs. Quantities of THCs are

   distorted if the testing methods are unable to resolve the iso-THCs in

   analyzed samples. 

·  Gas chromatography (GC) offers a reliable and robust method for quantification

9

8

8-iso

4(8)-iso-THC. Additionally, this method

   represents a method for identifying THC derived from CBD conversion.

Key Features

Application Note
Cayman Chemical · 1180 East Ellsworth Road · Ann Arbor, MI, 48108 · (800) 364-9897

www.caymanchem.com

Figure 4.

4(8)-iso

8-iso

8

9-THC on GC method.

Data was acquired on an Agilent 8890 GC equipped with a 5977B MS detector, using a Restek ® Rtx-5MS capillary column

and increase 40°C/min to 210°C, hold 20 min, then increase 40°C/min to 300°C and hold 8.75 min. The total run time was 35 min. 

The injection mode was set to split with a ratio of 60:1. Helium was used as the carrier gas at a constant flow of 2 ml/min.

GC Method

9

8

8-iso

4(8)-iso-THC 

resulted in baseline resolution of all the peaks and is shown in Figure 4. One of the highlights of this method 

is that the iso-THCs elute closer to CBD and have greater than four minutes separation in retention time from 

the THCs. Hence, this provides an excellent means to determine the quantity of iso-THCs present in a sample 

with complete resolution from the THCs. W
hile this method was demonstrated on a GC-MS instrument, the 

conditions may be amended for GC-FID instruments.
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1. 

8-tetrahydrocannabinol vaporizers contain unlabeled adulterants, unintended byproducts of chemical synthesis, 

and heavy metals. Chem. Res. Toxicol. 35(1), 73-76 (2022).

2. 
Radwan, M.M., W

anas, A.S., Gul, W
., et. al.

8-THC products. J. Nat. Prod. (2023).

3. 

8-THC. Cannabis Cannabinoid 

Res. 8(2), 270-282 (2023).

4. 
Gaoni, Y. and Mechoulam, R. The iso-Tetrahydrocannabinols. Israel J. Chem. 6(5), 679-690 (1968).

5. 
Marzullo, P., Foschi, F., Coppini, D.A., et al. Cannabidiol as the substrate in acid-catalyzed intramolecular cyclization. J. Nat. Prod. 83(10), 2894-2901 (2020).

Conclusion

Acknowledgements

9

8-THC content in extracts, edibles, and other Cannabis-derived products 

has become increasingly important as these materials are legalized for medicinal and recreational use. Both 

synthetic production and chemical conversion of plant-derived materials may result in the formation of

iso-THCs, closely eluting side products of THCs. W
hile most RP-HPLC methods may not fully resolve the 

iso

9

8-THC, we present here a GC method that can be used to fully resolve these 

compounds, aiding in the development of testing methods to identify and accurately quantify THCs and

iso-THCs in Cannabis products.

Special thanks to Dr. Richard Sams at KCA Laboratories for suggesting the GC method.
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Item No.

CBD

19.675
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4(8)-iso-THC
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33863

8-iso-THC
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33864

8-THC

24.683
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9-THC

26.546

ISO60157
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Introduction

Analytical testing of Cannabis products for identification and accurate quantification of psychoactive 

9

8-THC is a regulatory requirement for safety and distribution. However, 
8-iso-THC 

4(8)-iso-THC. 1-3 These constitutional isomers of THC form during synthetic conversion of CBD under acidic 

conditions (Figure 1).

The iso-THCs were first identified by Mechoulam’s research group in a 1968 paper where CBD treated with the 

8-iso-THC isolated as a side 

4(8)-iso-THC in this same paper and demonstrated that it could be formed 

8-iso-THC in a mixture of sulfuric acid and methanol. 4 A 2020 Journal of Natural Products publication 

by the Passarella group also highlights the formation of these two isomers under a number of acidic conditions 

and provides thorough NMR characterization. 5 To date, the iso-THCs have not been tested for pharmacological 

activity or safety in any published results. Since the iso-THCs have not been found naturally in any Cannabis 

sativa L., their presence in Cannabis products serves as a useful marker to identify THC derived from the 

synthetic conversion of CBD.

This application note highlights the co-elution observed between THCs and iso-THCs by RP-HPLC and presents 

a GC method that provides for baseline separation and quantification of these species.

Figure 1. Acid-catalyzed cyclization of CBD to form THCs and iso-THCs.
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The iso-THCs were first identified by Mechoulam’s research group in a 1968 paper where CBD treated with the 

8-iso-THC isolated as a side 

4(8)-iso-THC in this same paper and demonstrated that it could be formed 

8-iso-THC in a mixture of sulfuric acid and methanol. 4 A 2020 Journal of Natural Products publication 

by the Passarella group also highlights the formation of these two isomers under a number of acidic conditions 

and provides thorough NMR characterization. 5 To date, the iso-THCs have not been tested for pharmacological 

activity or safety in any published results. Since the iso-THCs have not been found naturally in any Cannabis 

sativa L., their presence in Cannabis products serves as a useful marker to identify THC derived from the 

synthetic conversion of CBD.

This application note highlights the co-elution observed between THCs and iso-THCs by RP-HPLC and presents 

a GC method that provides for baseline separation and quantification of these species.

Figure 1. Acid-catalyzed cyclization of CBD to form THCs and iso-THCs.
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column using isocratic RP conditions, resulting in significant co-elution of the THCs and iso-THCs (Figure 2). 

In conventional samples of CBD-derived THCs, the amount of iso-THCs present is likely to be a much smaller 

percentage relative to the THCs and would almost certainly be hidden underneath the THC peaks with similar 

chromatographic conditions. Consequently, the presence of these side products would likely be presented as a 

false enhancement of the co-eluting THC peak.Figure 2.
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Efforts to find a more optimized RP-HPLC method involved screening several columns and conditions.

Improved results were observed using a Raptor ® ARC-C18 HPLC column under isocratic RP conditions

(Figure 3). However, this method still results in significant overlap of the iso-THC and THC analytes and a lack 

of baseline resolution. As such, GC was explored next as another possible way to fully resolve these isomers.
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Data was acquired on an Agilent 8890 GC equipped with a 5977B MS detector, using a Restek ® Rtx-5MS capillary column

and increase 40°C/min to 210°C, hold 20 min, then increase 40°C/min to 300°C and hold 8.75 min. The total run time was 35 min. 

The injection mode was set to split with a ratio of 60:1. Helium was used as the carrier gas at a constant flow of 2 ml/min.
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resulted in baseline resolution of all the peaks and is shown in Figure 4. One of the highlights of this method 

is that the iso-THCs elute closer to CBD and have greater than four minutes separation in retention time from 

the THCs. Hence, this provides an excellent means to determine the quantity of iso-THCs present in a sample 

with complete resolution from the THCs. W
hile this method was demonstrated on a GC-MS instrument, the 

conditions may be amended for GC-FID instruments.
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8-THC content in extracts, edibles, and other Cannabis-derived products 

has become increasingly important as these materials are legalized for medicinal and recreational use. Both 

synthetic production and chemical conversion of plant-derived materials may result in the formation of

iso-THCs, closely eluting side products of THCs. W
hile most RP-HPLC methods may not fully resolve the 
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8-THC, we present here a GC method that can be used to fully resolve these 

compounds, aiding in the development of testing methods to identify and accurately quantify THCs and

iso-THCs in Cannabis products.

Special thanks to Dr. Richard Sams at KCA Laboratories for suggesting the GC method.
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Creating Custom Cannabis CRM Mixtures:
Forty-seven Phytocannabinoids, One HPLC Method
Roxanne Franckowski, Marc Gregerson, PhD, Kathleen Calati, and Kirk W. Hering, PhD 
Cayman Chemical Company, 1180 E. Ellsworth Road, Ann Arbor, MI 48108 USA

KEY FINDING Custom phytocannabinoid CRM mixtures require a robust method, consideration of coeluting components, and stability considerations.

INTRODUCTION CHROMATOGRAPHY

DISCUSSION

CONCLUSIONS

METHOD

Production of certified reference materials (CRMs) is prescribed by the 
conformity assessment standard ISO 17034:2016. During production 
planning, the reference material producer shall address the “validation 
of measurement procedures” and assessment of stability, among other 
criteria.1,2 Creating multicomponent mixtures can present arduous 
challenges to ensure these criteria are met. To validate a method for the 
characterization of the multicomponent CRM, the analytes of interest must 
be resolved. The final CRM solutions must have stability which is fit for the 
intended purpose of the end user. 

To increase efficiency and reduce the necessity of developing individual 
methods for independent mixtures, a general method has been developed 
to separate several phytocannabinoid compounds. This poster will address 
the challenges of separating 47 (12 acid and 35 neutral) phytocannabinoid 
compounds for method validation and the considerations for the stability of 
the final CRM solutions. 

Table 1 – Final Method Conditions.

Table 2 – Abbreviations.

Figure 1 – Overlay chromatogram. This chromatogram displays resolution of all 47 analytes. There were six groups of co-eluting analytes identified.

Table 3 – Analyte Retention Time. The six groups of co-eluting analytes are grouped by color in the table. Method validation for the neutral phytocannabinoid 
compounds was accomplished by separating co-eluting analytes into five different solutions.

References
1. International Organization for Standardization. (2016) General requirements for the competence of reference material producers
    (ISO Standard No. 17034:2016). https://www.iso.org/standard/29357.html
2. International Organization for Standardization. (2017) General requirements for the competence of testing and calibration
    laboratories (ISO Standard No. 17025:2017). https://www.iso.org/standard/66912.html

·  Cayman has validated a method which allows for quick turn
   production of custom phytocannabinoid CRMs.
·  The co-eluting neutral compounds have been identified
   which will aid in timely production planning of multicomponent
   CRM solutions. 
·  This method meets the ISO 17034:2016 requirements of the use
   of a validated method for characterization and considerations of
   stability of the final CRM solutions.

The goal was to create a quick turn method which included several 
dozen phytocannabinoid compounds. The resulting method allows
for timely production of customized multicomponent 
phytocannabinoid CRMs. 
 
Upon development, notable co-elutions were observed early in the 
run between CBGV and CBDV, CBDB and CBE, and later between 
the HHC and Δ10-THC isomers. The method was validated by placing 
the neutral phytocannabinoids in five (5) groups to separate
co-eluting compounds. 
 
Based on experience of producing multicomponent phytocannabinoid 
mixtures, the phytocannabinoid acids were separated from the neutral 
compounds to promote enhanced stability of the final multicomponent 
CRM. The diluent for the multicomponent phytocannabinoid acid 
solutions is stabilized with DIPEA and ascorbic acid.

Download this poster & learn more about our Cannabis Resource Center

Final Method Conditions

Instrument Shimadzu Nexera LC-40 with photodiode array detector

Column Millipore Ascentis® Express C18, 150 x 3 mm, 2.7 μm

Mobile Phase A 70:30 ACN: H2O with 0.1% HCO2H and 5 mM NH4HCO2 Column Temp 25°C

Mobile Phase B CH3OH with 0.1% HCO2H Sample Temp 4°C

Flow Rate 0.5 ml/min Injection Volume 4 μl

Gradient

Time (min) %A %B

0 100 0

5.5 100 0

19.5 15 85

21 15 85

21.1 100 0

Run Time 24 min Linear Range 0.05 - 1.2 mg/ml

Wavelength (nm) Acids 305 Neutrals 275

Analyte Retention Time

Analyte RT (min) Analyte RT (min) Analyte RT (min) Analyte RT (min) Analyte RT (min) Analyte RT (min)

CBDO 2.49 CBDA 4.92 CBDPA 9.29 Δ9-THC 13.50 CBD-C8 15.31 CBLA 18.53

CBDE 2.94 CBCO 5.10 CBCV 9.31 9(R)-Δ7-THC 13.84 9(R)-Δ6a,10a-THC 15.43 CBT 18.59

CBDVA 3.11 CBGA 5.37 Δ9-THCB 9.91 Δ8-THC 13.97 (6aR,9R)-Δ10-THC 15.51 THCP 18.70

CBGVA 3.48 CBG 5.97 CBCVA 10.18 9(S)-Δ7-THC 14.06 9(R)-HHC 15.68 Δ8-THC Acetate 19.16

CBGV 3.61 CBD 6.34 CBN 10.70 (6aR,9S)-Δ10-THC 15.00 CBC 16.19 Δ9-THC-C8 20.27

CBDV 3.67 THCV 6.91 CBNA 12.06 CBL 15.12 THCH 16.40 Δ8-THC-C8 20.67

CBDB 4.68 CBDH 8.78 CBDP 12.16 9(S)-HHC 15.21 THCA-A 17.05 Δ9-THCPA 21.24

CBE 4.72 THCVA 8.80 exo-THC 13.09 9(S)-Δ6a,10a-THC 15.30 CBCA 17.94

Figure 2 – Stacked Chromatogram. This figure represents the composition of the 
independent phytocannabinoid acid and neutral solutions used to validate the 
HPLC method. Co-eluting compounds were separated among the mixtures.
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Abbrev. Name

CBCO (±)-Cannabichromeorcin

CBCV (±)-Cannabichromevarin

CBCVA (±)-Cannabichromevarinic 
Acid 

CBC (±)-Cannabichromene

CBCA (±)-Cannabichromenic Acid

CBT Cannabicitran 

CBDO Cannabidiorcin

CBDE Cannabidiethanol

CBDV Cannabidivarin

CBDVA Cannabidivarinic Acid

CBDB Cannabidibutol

CBD Cannabidiol 

CBDA Cannabidiolic Acid

CBDH Cannabidihexol

CBDP Cannabidiphorol

Abbrev. Name

CBDPA Cannabidiphorolic Acid

CBD-C8 Cannabidiol-C8

CBE Cannabielsoin

CBGV Cannabigerovarin

CBGVA Cannabigerovarinic Acid 

CBG Cannabigerol

CBGA Cannabigerolic Acid

CBL (±)-Cannabicyclol

CBLA (±)-Cannabicyclolic Acid

CBN Cannabinol

CBNA Cannabinolic Acid

9(R)-HHC 9(R)-Hexahydrocannabinol

9(S)-HHC 9(S)-Hexahydrocannabinol

9(R)-Δ6a,10a-
THC

9(R)-Δ6a,10a-
Tetrahydrocannabinol

9(S)-Δ6a,10a-
THC

9(S)-Δ6a,10a-
Tetrahydrocannabinol

9(R)-Δ7-
THC 9(R)-Δ7-Tetrahydrocannabinol

Abbrev. Name

9(S)-Δ7-THC 9(S)-Δ7-Tetrahydrocannabinol

Δ8-THC Δ8-Tetrahydrocannabinol

Δ8-THC-C8 Δ8-Tetrahydrocannabinol-C8

Δ8-THC 
Acetate

Δ8-Tetrahydrocannabinol 
Acetate

THCV Δ9-Tetrahydrocannabivarin

THCVA Δ9-Tetrahydrocannabivarinic 
Acid 

Δ9-THCB Δ9-Tetrahydrocannabibutol

Δ9-THC Δ9-Tetrahydrocannabinol 

THCA-A Δ9-Tetrahydrocannabinolic 
Acid A

THCH Δ9-Tetrahydrocannabihexol

THCP Δ9-Tetrahydrocannabiphorol

Δ9-THCPA Δ9-Tetrahydrocannabiphorolic 
Acid

Δ9-THC-C8 Δ9-Tetrahydrocannabinol-C8

(6aR,9R)-
Δ10-THC

(6aR,9R)-Δ10-
Tetrahydrocannabinol

(6aR,9S)-
Δ10-THC

(6aR,9S)-Δ10-
Tetrahydrocannabinol

exo-THC exo-Tetrahydrocannabinol
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