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There is significant regulatory and economic need to distinguish between tobacco-derived nicotine (TDN) and synthetic nicotine
(SynNic) in commercial products. Currently tobacco products are being manufactured that contain tobacco-free nicotine (TFN)
which could be either TDN or SynNic. While tobacco products that contain TDN are regulated by FDA CTP as tobacco products,
those with SynNic are currently not in the domain of any regulatory authority. This regulatory grey area provides a loophole for
SynNic products to remain on the market without submitting a PMTA. Furthermore, SynNic is frequently racemic, containing
50% of the poorly characterized (R)-enantiomer of nicotine, creating the possibility of unpredictable nicotine responses in users.
There is little to no toxicological or physiological data for the (R)-enantiomer. Here we report efforts to distinguish between TDN
and SynNic in pure nicotine and e-liquid matrices.

Characterization efforts included:
1. Nicotine Enantiomers by HPLC-UV Chiral Chromatography
2. Nornicotine Enantiomers by LC-MS/MS Chiral Chromatography
3. Nicotine degradants, TSNAs, and Metals analysis
4. Non-Targeted Analysis by GC-MS
5. Radiocarbon Analysis (C-14)

Currently only radiocarbon analysis has accurately and precisely differentiated TDN from SynNic in both pure nicotine and e-
liquid matrices.
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Tobacco-Derived Nicotine (TDN)
• Nicotine is extracted from tobacco leaf
• Extraction yields ~1:99 R:S nicotine (natural ratio)
• Chemical purification often required to yield >99% S nic.

Synthetic Nicotine (SynNic)
• Chemical or enzymatic processes to ‘build’  nicotine
• Synthesis creates 50:50 (R):(S) nicotine (racemic) 
• Chemical AND Enantiomeric purification required

• Tobacco–derived nicotine is predominantly (S)-nicotine (~99.3%).
• Synthetic nicotine can be a racemic mix (50/50) of (S)- and (R)-nicotine or >99% (S)-nicotine (identical to tobacco derived).
• FDA CTP does not differentiate between (S)- and (R)-nicotine enantiomers, only between TDN and SynNic sources.
• SynNic tobacco products can remain on the market with no PMTA as they are currently unregulated.
• Congress could ensure that the FDA has jurisdiction over synthetic nicotine products like Puff Bar by amending the definition

of “tobacco product” in the Food, Drug and Cosmetic Act to include products containing nicotine, regardless of the source.1

• FDA ordered the removal of Puff Bar e-cigarette in July 2020. In early 2021, Puff Bar announced they were returning to the
market claiming that their “nicotine-containing products are crafted from a patented manufacturing process, not from
tobacco.”

• Puff Bar website: “All PuffBar products listed on this website contain nicotine but do not contain tobacco or anything derived
from tobacco. PuffBar products are not intended for use with any tobacco product or any component or part of a tobacco
product.” https://puffbar.com accessed August 8th, 2021.

• There is significant regulatory and economic need to distinguish between TDN and SynNic.

Nicotine and e-liquid samples were received as is from suppliers and e-liquid companies.
Testing was conducted at Enthalpy Analytical using validated methods under their ISO 17025 accreditation, where applicable.

1. Quantitation of Nicotine Enantiomers by HPLC-UV Chiral Chromatography – a 0.1 mg/mL sample in methanol was prepared
and analyzed by HPLC-UV using an AZYP Nicoshell (4.6 x 100 mm, 2.7 µm) chiral column with an isocratic mobile phase (0.2%
ammonium formate in methanol). Nicotine absorption was measured at 260 nm.

2. Quantitation of Nornicotine Enantiomers by LC-MS/MS Chiral Chromatography – sample was dissolved in methanol and
analyzed by LC-MS/MS using an AZYP Nicoshell (4.6 x 100 mm, 2.7 µm) chiral column with an isocratic mobile phase (0.2%
ammonium formate in methanol).

3. Nicotine degradants, metals, and TSNAs analyses – Nicotine degradants and TSNAs were determined by LC-MS/MS
techniques from samples prepared at 50 mg/mL in methanol. Deuterated internal standards were used for quantification.
Metals analysis was performed by microwave digestion of the sample in 2% nitric acid and subsequent analysis by ICP-MS.

4. Non-Targeted Analysis by GC-MS – a 7% solution in ethanol of the nicotine samples was prepared containing 6-
methylcoumarin as an internal standard. Extract were analyzed by GC-MS in full scan mode and any software-identified peaks
were compared to spectra contained within the NIST Mass Spectral Library.

5. Radiocarbon Analysis – pure nicotine samples were analyzed directly whereas formulations were first dissolved in 2N NaOH
and extracted into hexanes to isolate the nicotine from the e-liquid matrix. Samples were sent to Beta Analytic Inc., Miami, FL
(www.betalabservices.com) for radiocarbon (14-C) analysis by accelerator mass spectrometry.

19. Analysis and Differentiation of Tobacco-Derived and Synthetic Nicotine Samples
https://consiliumsciences.com

https://enthalpy.com
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1. Quantitation of Nicotine Enantiomers by HPLC-UV Chiral Chromatography
• Others have previously quantified (R)- and (S)-nicotine by LC-UV using a chiral column.2,3
• Since synthetic nicotine can be purified to 99%+ (S)-purity, this technique does not uniquely identify all SynNic types.
• Using known nicotine samples, we confirmed this using a published method.4
• We also determined the enantiomeric composition of TDN Puff Bar at 99.45% (S)-Nicotine and 0.55% (R)-Nicotine

consistent with Duell et al.4

2. Quantitation of Nornicotine Enantiomers by LC-MS/MS Chiral Chromatography
• Nornicotine in the tobacco plant is predominantly formed by enzymatic demethylation of nicotine,6 a process that appears

biased toward the (R)-nicotine enantiomer and leads to an observed wide variation in the (R)/(S)-ratio of tobacco-
derived nornicotine (4 to 75%)7 which would not match the (R)/(S)-ratio of the nicotine from the same plant (0.1 to 1.2%).8

• Synthetic nicotine is formed via methylation of nornicotine, which will give the same (R)/(S)-ratio in the nicotine as in
the nornicotine, even if further enantiomeric enrichment is performed.

• We hypothesized that the (R)/(S)-ratio of nornicotine and nicotine will be the same in SynNic but different in TDN, thus
allowing the two to be distinguished from one another.

• Using chiral LC-MS/MS,2 excellent separation of (R)- and (S)-nornicotine was observed but a reduced analyte response was
seen, with an up to 75% reduction in total response (R) + (S) when compared to analysis by the achiral method.

• Of the samples for which a reasonable response could be observed, the results appeared to confirm our hypothesis.
• The approach, therefore, appears promising but poor sensitivity/reduced analyte response requires additional method

development before it can be deemed to be a definitive method of origin identification.

3. Nicotine degradants, TSNAs, and Metals Analysis
• We hypothesized that TDNs and SynNics may have different profiles of the commonly observed tobacco impurities

(nicotine degradants, metals, and TSNAs), given the different routes of production.
• There were no discernable patterns that could be used to definitively distinguish TDN from SynNic, though the presence of

anabasine may indicate it is TDN. However, if a genuine TDN is highly purified then anabasine may be absent, i.e., Alchem vs
North American Nicotine or Siegfried TDN.

• We note that environmental conditions, such as exposure to light, oxygen, heat, etc., can affect the nicotine degradant
profile and magnitude. For this reason, the TCI America sample is not shown as it is a significantly aged sample, though it
was found to contain significant levels of anabasine.

5. Radiocarbon Analysis
• Plants incorporate C-14 via photosynthesis of CO2. Radiocarbon (C-14) is present in all living and recently expired matter.

Anything that is more than 50,000 years old, such as fossil-derived petrochemicals, no longer contains C-14.
• ASTM D6866 is a radiocarbon analytical method used to determine the biobased content in manufactured products

because they contain some combination of recently living materials (bio-based) and fossil materials (petroleum-based).
• Next Generation Labs have used C-14 analysis to show a nicotine sample marketed as synthetic was actually tobacco-

derived.7
• On this basis, we expected TDN to be enriched in C-14 relative to petrochemical-derived feedstocks used for nicotine

synthesis. Nicotine samples were sent to Beta Analytic (www.betalabservices.com) for analysis per ASTM D6866. All TDN
samples were 100% C-14 while all SynNic samples were 35-36% C-14.

• The presence of C-14 in the SynNic is highly suggestive of there being a bio-based feedstock chemical being used during the
synthesis.

4. Non-Targeted Analysis by GC-MS
• Given the different origins of the two nicotine types, it was hoped that there may be analytes present that were unique to 

each origin pathway.
• Non-target analysis was performed to evaluate this but failed to yield any analyte that was specific to a particular origin.

RESULTS and DISCUSSION

CONCLUSIONS
• Terminology is nonstandard and confusing.
• We expect the radiocarbon analysis method to work on any product containing TDN or SynNic, such as e-liquids, oral

tobacco derived nicotine (OTDN), and modern oral nicotine products (MONPs).
• We observed large chemical variability in both TDN and SynNic samples. We caution that this study used single lots/batches

of perhaps unknown handling history.
• Future work should include multiple lots of nicotine and e-liquids in commercial packaging.
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• TSNA analysis was hindered by nicotine-induced ionization suppression. Work is ongoing to resolve this issue but it is not
expected to provide a means of distinguishing high purity TDNs from SynNic.

• No clear trends were seen for metals
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• Proof-of-concept for e-liquid analysis requires separation (extraction and cleanup) of nicotine from other carbon sources
such as propylene glycol (PG), vegetable glycerin (VG), and flavors.

• An unflavored 5% w/w nicotine e-liquid formulation was created by adding either TDN (North American Nicotine)
or SynNic (Next Gen 50/50) to 30:70 w/w PG:VG. After extraction, the isolated nicotine extracts were sent to Beta Analytic
for analysis.

• The TDN formulation extract was found to be 100% biobased, whereas the SynNic formulation was 35% biobased.
Both results are in exact agreement with their respective parent nicotine source results.

• The approach of using C-14 appears to a particularly promising method to distinguish TDN from SynNic, however, the effect
of additives such as flavorings on the assay is still unknown and is currently under investigation.

• We also note that a minimum sample size of 0.3 mL (~300 mg) nicotine is required for radiocarbon analysis, which could be
problematic for e-liquids formulated at 3 mg/mL nicotine.
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• Classical nicotine pharmacology • Pharmacology not well characterized
• Agonist at nicotinic acetylcholine receptor (nAChRs) • 7-20 × less potent than (S)-nicotine at nAChRs
• No direct action on acetylcholinesterase (AChE) • Binds and inhibits AChE
• 99% of TDN is (S)-enantiomer • 50:50 of (R):(S) enantiomers in racemic nicotine
• CAS 54-11-5 • CAS 25162-00-9

Nicotine Samples Studied

Tobacco Derived Nicotine (TDN) Synthetic Nicotine (SynNic)
TCI America (lab reference) Next Generation Labs TFN® (R)/(S)-Nicotine [NextGen (R)/(S)]

Alchem Contraf-Nicotex Tobacco (CNT) (S)-Nicotine (Siegfried NTN 
Lot# 2007L016)

North American Nicotine Tobacco Technology Inc. (TTI) (S)-Nicotine
Siegfried TDN (S)-Nicotine Siegfried NTN (S)-Nicotine (Lot# 2007L016)

Hangsen 200 mg/mL Formulation

Note: Bold sample text indicates the sample label in the data charts.
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