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Motivation

• Electronic cigarettes (e-cig) are getting more and more popular worldwide as an

alternative to cigarettes.

• Due to the large variety of e-cig products there is a strong need for rapid aerosol

characterization methods as an alternative to the classical, time consuming aerosol

sampling and analysis methods.

• Currently there is no qualified on-line end-of life detection mechanism of e-cigs

Target

• On-line quantification of key e-cig aerosol constituents on a puff-by-puff basis

Approach

Heat e-cig (liquid droplet) aerosol up-to 180°C and use a Fourier Transformed Infrared

(FTIR) gas analyzer for quantification of key

e-cig aerosol constituents on a puff-by-puff basis.

Key Challenges

• FTIR equipment designed for gases not aerosols

– Transfer liquid droplet aerosols into gas phase 

(180°C)

• High concentration of PG/Glycerin

– High boiling temperature

– Small differences in chem. structure/IR response

• Limitation in dynamic response of FTIR instrument

– FTIR cell volume ~400 mL vs 55 mL Puff Volume 

(PV) (CORESTA, CRM No 81)

– Static vs dynamic response calibration

• Availability/stability of liquid droplet calibration 

aerosols

FTIR Calibration Curves of Main E-cig Components

Aerosol generation and exhaust timing

FTIR Results: Static vs Dynamic (Example Acetaldehyde)FTIR Results: Benchmark with Qualified Methods 

• Novel FTIR puff-by-puff system developed and calibrated for key e-cig aerosol constituents

• Determined correction factors (6 s exhaust): H2O: 0.64; Nicotine: 0.60; Glycerol: 0.52; PG: 0.62; Acetaldehyde: 0.63

• The correction factors were confirmed by using the peak integral for the quantification of chemicals.

• FTIR results are in good agreement with standard liquid and aerosol analysis results.

• Observed deviations in low water containing liquids due to water uptake from Glycerol and PG.

• Glycerol & PG show linear response over 3 orders of magnitude, while Nicotine is linear over 2 orders of magnitude.
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Abbreviations

PSSP = Programmable Single Syringe Pump

FIC = Flow Indicator & Controller

Calibration with 500 ppm Acetaldehyde calibration gas

“Puff” (=Dynamic) Volume = 30, 55, 70, and 100 mL       “Puff” (=Valve) Duration = 6 s “Puff” Period = 30 s

Future Outlook

• Calibrate the instrument for further aerosol constituents

• Apply the FTIR gas analysis to more complex matrices (e.g. heat-not-burn products)

• Increase the throughput of online aerosol analysis
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