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Hemp vs. Marijuana

• 2018 Agriculture Improvement Act1

• Marijuana > 0.3% ∆9 -THC ≤ hemp

• Current instrumentation2

• Gas chromatography-mass spectrometry
• Liquid chromatography-mass spectrometry

• Analysis complicated by cannabinoid 
interferences

• ∆9 -THC positional isomers

• Prevalence of potential marijuana cases3

55

Cannabis sativa L.

Hemp Marijuana

CBD Δ9-THC
1. H.R.2-115th Congress: Agriculture Improvement Act of 2018.
2. Capriotti, A.L., et al. Recent applications of mass spectrometry for the characterization of cannabis and hemp phytocannabinoids: From targeted to untargeted analysis. J. Chromatogr. A, 2021. 1655: 462492. 
3. NFLIS-DRUG 2022 Annual Report. 2022, U.S. Department of Justice Drug Enforcement Administration: Diversion Control Division.

GC-MS

LC-MS
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Metal-Ion Complexation

• Transition metals: Ag or Cu
• Reversibly bind to carbon-carbon       

π-bonds4

• Number and location of alkene(s) 
influence binding affinity

• Cannabinoid-metal adducts5-7

• ∆9-THC and CBD differentiation using 
characteristic MS/MS product ions
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4. Mehara, J., et al. Binding Interactions in Copper, Silver and Gold pi-Complexes. Chem., 2022. 28(13): e202103984.
5. Huang, S., et al. Rapid Distinction and Semiquantitative Analysis of THC and CBD by Silver-Impregnated Paper Spray Mass Spectrometry. Anal. Chem., 2021. 93(8): 3794-3802.
6. Ieritano, C., et al. Argentination: A Silver Bullet for Cannabinoid Separation by Differential Mobility Spectrometry. Anal. Chem., 2023. 95(22): 8668-8678. DOI: 10.1021/acs.analchem.3c01241.
7. Sboto, J. N., et al. Computational and Design of Experiment Strategies to Improve Differentiation and Quantitation of Trace-Level Cannabinoids by Copper Cationization Paper Spray Mass Spectrometry. The Analyst, 2025.

CBDΔ9-THC
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Δ9-THC+Cu
• Copper salts →     

Oxygen activation8

• Reactive oxygen species 

• Δ9-THC fortified with 
[Cu(ACN)4]BF4 in ACN

• Formation of various   
Δ9-THC Cu-complexes

• Limitations of metal 
salts

• Selectivity, solubility, 
and stability in solution
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Cu-Ion Complexation

8. Couch, A. N., et al. Differentiation of CBD and Δ9-THC isomers using copper-ion complexation and electrospray ionization-tandem mass spectrometry. Anal. Chim. Acta, 2026. 1384.

[Δ9-THC+2Cu+2ACN-H]+[Δ9-THC+Cu+ACN+O-2H]+[Δ9-THC+Cu+ACN-2H]+

Scan here to 
learn more
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Cannabinoids

Δ9-THC CBG

CBD CBDA

Δ8-THC THCA-A

Δ10-THC THCA-B

Δ6a,10a-THC THCV

Exo-THC CBDVA

CBC CBNA

CBL CBGA

CBN Δ9-THC-d9

CBT Δ9-THC-d3

Cu-Phosphine Ion Complexation

• Instrumentation
• Agilent Technologies 6530 Q-TOF 
• Direct injection: 18 µL/min
• MS/MS CID activation energies: 15-45 eV

• Characterization of 11 Cu-phosphine 
complexes in the presence of 20 cannabinoids

• 50 ppm cannabinoid:15 µM Cu-phosphine

• Stepwise evaluation to determine optimal                    
Cu-phosphine complex

• Methanolic extracts of cannabis plant material
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∆9-THC

CBD

Cu-Phosphine
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Cu-Phosphine Complexes
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[Cu(PPh3)2(ACN)2]BF4

Monodentate Bidentate

[Cu((R)-BINAP)(ACN)2]BF4 [Cu((S)-BINAP)(ACN)2]BF4

[Cu(dppf)(ACN)2]BF4 [Cu(DPEphos)(ACN)2]BF4

[Cu(Xantphos)(ACN)2]BF4 [Cu(DBFphos)(ACN)2]BF4

[Cu(PTA)2(ACN)2]BF4

[Cu(P(o-toyl)3)2(ACN)2]BF4

[Cu(P(mes)3)2(ACN)2]BF4

[Cu(TTMPP)(ACN)2]BF4
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Evaluation of Optimal Phosphine Ligands
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Optimization of 

Cu-Phosphine 

Complexes Method

Ligand/Solvent 

Eliminated

-TTMPP

-(P(mes3))2 and -(P(o-toyl)3)2

-MeOH

-DBFphos and -(PTA)2

-Xantphos, -DPEphos, and -(S)-BINAP
Optimal Bidentate 

Phosphines:

 (R)-BINAP and dppf

Optimal Monodentate 

Phosphine: (PPh3)2

Soluble in MeOH or 

ACN?

Formation of ∆9-THC 

Complex

Solvent Effects 

(Split Analytical Signal)

Differentiation of          

∆9-THC Isomers

Ion of Interest 

Abundance
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Full Scan Differentiation: [Cu(PPh3)2(ACN)2]BF4
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[Cu+(PPh3)2]+

Cu-phosphine 
only

∆9-THC

CBD ∆8-THC

[Cu+(PPh3)3]+

[Cu+PPh3+ACN]+

[Cu+PPh3]+
[Cu+(PPh3)2+∆9-THC+O-2H]+

[Cu+(PPh3)2+∆8-THC+O-2H]+

No Complex Observed



x
x

∆9-THC: MS/MS of m/z 915
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[Cu+(PPh3)2+∆9-THC+O-2H]+

∆9-THC+O-2H
-328 Da

PPh3
-262 Da

915

[Cu+(PPh3)+∆9-THC+O-2H]+

[Cu+(PPh3)2]+

PPh3
-262 Da

PPh3
-262 Da

[Cu+∆9-THC+O-2H]+

[Cu+PPh3]+

915

CID (25 eV) 
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H2O
-18 Da

MS/MS Differentiation: THCA vs. CBDA
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THCA CBDA

[2Cu+(PPh3)2+CBDA-H]+

[2Cu+(PPh3)2+THCA-H]+

PPh3
-262 Da

[2Cu+PPh3+CBDA-H]+

[2Cu+PPh3+(CBDA-H2O)-H]+

PPh3
-262 Da

[2Cu+(CBDA-H2O)-H]+

CBDA+Cu-H
-420 Da

[Cu+(PPh3)2]+

[2Cu+THCA-H]+

PPh3
-262 Da

1007

CID (35 eV) 

1007

CID (35 eV) 

PPh3
-262 Da

[2Cu+PPh3+THCA-H]+

THCA+Cu-H
-420 Da

H2O
-18 Da

[2Cu+PPh3+THCA-H-CO2]+

CO2
-43 Da

CuH
-64 Da

[Cu+PPh3+THCA-2H-CO2]+
[2Cu+CBDA-H]+

[Cu+(PPh3)2]+

CO2
-43 Da

[2Cu+PPh3+CBDA-H-CO2]+

PPh3
-262 Da

745

483

587
405

667

701

637

745

483

701

727

465
587
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Optimized Ligands: Complex Formation Pattern
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∆9-THC
[Cu+(PPh3)2+∆9-THC+O-2H]+

CBD No Complex Observed

[Cu(PPh3)2(ACN)2]BF4 [Cu((R)-BINAP)(ACN)2]BF4 [Cu(dppf)(ACN)2]BF4

[Cu+BINAP+∆9-THC+O-2H]+
[Cu+dppf+∆9-THC+O-2H]+

No Complex Observed No Complex Observed
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Authentic Samples
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[Cu(PPh3)2(ACN)2]BF4 [Cu(dppf)(ACN)2]BF4 [Cu((R)-BINAP)(ACN)2]BF4

Δ9-THC
THCA/CBDA
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∆9-THCNo Complex
 Observed

Conclusion

• 20 cannabinoids with 10 
Cu-phosphine complexes

• Optimized Cu-phosphine 
complexes for full scan 
differentiation

• Applied to authentic 
cannabis extracts

• Novel solution
• Next steps:

• Hemp vs marijuana
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CBD Δ9-THC

[Cu(PPh3)2(ACN)2]BF4 [Cu((R)-BINAP)(ACN)2]BF4
[Cu(dppf)(ACN)2]BF4

315.2313

CID (35 eV) 

315.2313

CID (35 eV) 
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Questions
Speaker Name: Alleigh Couch
Email Address: alleigh.couch@shsu.edu
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Ag-Ligand 
Qualitative

Ag-Phosphine 
Semi-Quant

Cu-Ion 
Complexation

Molecular Ion 
Formation

Coming 
soon to 

JFS!
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