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Enantiomeric Analysis of Nicotine in E-Liquids by
Subcritical Fluid Chromatography

Introduction

(S)-nicotine is a naturally occurring neuroactive alkaloid
found in the Nicotiana tabacum plant, commonly known
as tobacco. Nicotine’s molecular structure (Figure 1) is
unique as it contains both a five-membered (pyrrolidine)
and a six membered (pyridine) nitrogen heterocycle, with
one chiral center. Naturally occurring nicotine is
commercially referred to as “tobacco derived

nicotiniel’ AP&aNnd E-liquid products and exists in an
excess (>90%) of the (S)-enantiomer. TDN products have

been subject to stringent regulation by the United States TOBACCO

Food and Drug Agency (US FDA) since the passing of the

“Family Smoking Prevention and Tobacco Control Act” in . .
tobacco leaves, green plant vector illustration,

2009 and the “Deeming Rule” in 2016." However, racemic isolated

nicotine produced synthetically is commercially known

as “tobacco free nicotine” (TFN) and was not subject to

the same regulation since it is not a tobacco product.? This led to the incorporation of this racemic

nicotine into many commercial products to avoid regulation even though the biological activity and

toxicology of (R)-nicotine are not very well known.? In 2022, the US Congress passed a federal law

allowing the FDA to regulate TFN products,’ however, these racemic products were already in

circulation. Therefore, a method to analyze nicotine’s enantiomeric purity must be developed for

regulatory and quality assurance purposes.

The geometric configuration of nicotine (Figure 1)
makes its enantioseperation notoriously difficult, with
the earliest gas and liquid chromatographic methods

(the 1980s onwards) requiring several hours to resolve

the enantiomers poorly.? In 2017, this separation was

(S)-Nicotine (R)-Nicotine

revolutionized when a new chiral stationary phase (CSP)

composed of modified macrocyclic glycopeptides Fig. 1 Molecular structure of nicotine enantiomers.
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developed by AZYP, LLC and later commercialized as “NicoShell.” This CSP can directly separate
nicotine’s enantiomers in just a few minutes with excellent resolution using the polar ionic mode of
liquid chromatography.® NicoShell was then used to complete the first sub/supercritical fluid
chromatographic separation of nicotine’s enantiomer fluid in 2019.# Here, we demonstrate a method
to analyze nicotine’s concentration and enantiomeric purity in E-liquids simultaneously. The method
provides low retention for the other components in E-liquids, eluting them near the dead volume,
which allows for analysis of these commercial products using only “dilute and shoot” type sample
preparation. The low viscosity and high diffusivity of the carbon-dioxide containing mobile phase
allow for high flow rates ( 4 mL/min) and, subsequently, rapid analysis (< 3 min) suitable for a high-

throughput environment using sub/supercritical fluid chromatographs (SFC).

Experimental

All separations conducted in this report were done using the JASCO 2000 series SFC. This instrument
is equipped with two intelligent semi-preparative pumps (PU-2086), an autosampler (AS-2059-SFC)
with a 5 pL loop, a column oven (C0-2060), a UV detector (UV-2075), and a back pressure regulator
(BP-2080). The NicoShell modified macrocyclic glycopeptide column was acquired from AZYP, LLC
(Arlington, TX, USA) in the dimensions of 100 mm x 4.6 mm (i.d.) with 2.7 ym SPPs. The organic
modifier for this method contains LC-MS grade methanol (MeOH) and triethylamine (TEA) in a 100 to
0.2 volumetric ratio. The mobile phase for all separations contained 50/50 modifier/CO, at a flow rate
of 4 mL/min, a column temperature of 30 ° C, a back pressure (BP) of 8 MPa, and an injection volume
of 5 pL. E-liquids were acquired from a local tobacco store and diluted in a 30 to 1 volumetric ratio
with MeOH. Racemic and (S)-nicotine standards were purchased from Sigma-Aldrich. Solutions from

these standards were prepared at 0.5 mg/mL concentration in MeOH.
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Results

The separation of racemic nicotine using the developed 18000
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SFC method is shown in Figure 2. The entire separation
is conducted in less than 2.5 minutes, with satisfactory
enantioselectivity () and baseline resolution (). This

method was used for the remainder of this report.
Enantiomeric Analysis of Commercial E-Liquids

E-liquids provide an extremely involved sample matrix
when analyzing nicotine due to the large number of
components present and the high viscosity of the
sample caused by the majority of the volume being
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Fig. 2 Enantiomeric separation of racemic nicotine
standard. Conditions: Column: NicoShell 100 mm x
4.6 mm (i.d.) with 2.7 um SPPs, 50/50 C02/(MeOH
with 0.1% TEA), 4 mL min-1, 30 °C, 8 mPa BP

glycerin, glycol, or related compounds. For reference, a recent study using LC paired with high-

resolution mass spectrometry found that an E-liquid can have up to 2129 distinguishable

compounds.® Most of these compounds are unknown, meaning their effects on human toxicology are

also unknown. The NicoShell has a semisynthetic macrocyclic glycopeptide chiral selector, which has

the unique ability to retain nicotine while eluting the majority of the other compounds (at least those

detectable by UV at the desired wavelength) near the dead volume of the column. This allows for the

convenient isocratic analysis of nicotine, be it enantiomerically or just for quantification, without

extending run times to elute the remainder of compounds. When analyzing these same compounds

using gradient elution reverse phased chromatography with a C18 stationary phase, compounds elute

before and after nicotine. This special property also allows for the analysis of nicotine without

needing any sample preparation except dilution.

Figure 3 shows an example analysis of four commercial
E-liquids using the developed method on Jasco SFC. In
all cases, it can be seen that a large number of
compounds elute around 0.5 minutes. Vapes A, B, and D
contain one prominent peak for the ( )-enantiomer and
only a small peak for the (R)-enantiomer, insinuating that
these are tobacco-derived products. The enantiomeric
excess () of the (S)-enantiomer ranges from 91.3 to
99.8, showing that not all sources of TDN have the same
enantiomeric composition. Vape C, in this example, is
the only product that contains nearly racemic nicotine.
This confirms that the sample is from a TFN source. By
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Fig. 3 Analysis of commercial vape E-liquids
showing TDN (Vape A, B, and D) and TFN (Vape C)
products. Conditions: Column NicoShell 7100 mm x
4.6 mm (i.d.) with 2.7 um SPPs, 50/50 C02/(MeOH
with 0.1% TEA), 4 mL min-1, 30 °C, 8 mPa BP

analyzing these samples, it can be readily seen what samples are made with TFN or TDN sources in

just a few minutes. This same data can be used to quantify the nicotine amount in the samples, as

discussed below.
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Quantification of Nicotine in Commercial E-Liquids

Enantiomers are optical isomers and must absorb plane 100000

y =250.344x + 1,117.474
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polarized light identically. Therefore, one calibration 250,000

curve can be made to approximate the instrument's 200,000

150,000

response (area) as a function of concentration for both

100,000

Peak Area (uV min)

enantiomers. This allows users to calibrate the

50,000

chromatograph for nicotine using the readily available -~
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(‘enantiomer if they desire. Figure 4 shows the Concsniration Nicotine (ppm)

calibration curve for (S)-Nicotine with concentrations T ——

ranging from 3.90 ppm to 2,000 ppm. This calibration of 3.90 ppm to 2,000 ppm plotted as the average
. . area from triplicate injections with error bars
curve shows that the method has excellent linearity over showing # 1 standard deviation. Conditions:

NicoShell 100 mm x 4.6 mm (i.d.) with 2.7 um
_ o _ SPPs, 50/50 C02/(MeOH with 0.1% TEA), 4 mL
curve, the concentration of both nicotine enantiomers min-1, 30 °C, 8 mPa BP

nearly three orders of magnitude. From this calibration

can be calculated independently and summed to

represent the total nicotine concentration.

Conclusion

The analysis of enantiomeric composition in tobacco-free nicotine products is critical for evaluating
their health impacts and for current and future regulatory compliance of tobacco related products.
This application note has demonstrated that subcritical fluid chromatography (SFC) is an effective
technique for separating nicotine enantiomers rapidly. The utilization of CO,and MeOH as a mobile
phase in combination with the NicoShell column has proven to be particularly effective, achieving
enantioseparation in under three minutes. The precision and speed of this method will allow quality
control and ensure that the enantiomeric purity of nicotine in these products is accurately monitored
during manufacture. This application note will also allow researchers to study the correlation of
enantiomeric ratios of nicotine isomers with pharmacological effects. Jasco’s semi-preparative SFC
is also an excellent tool for conducting cost-effective preparative separation of pure (R)-nicotine,

which is not widely available as an enantiopure product.
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