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Introduction

• Because propylene glycol (PG) and glycerol (VG) are used as e-liquid carriers 

across the ENDS industry, a solid foundational knowledge of these materials is 

essential to fully characterize the e-liquid and aerosol. 

• These have the potential to degrade through oxidation, acidification, or radical 

processes during storage, resulting in new compounds. 

• Because these new compounds may potentially transfer into the aerosol, resulting 

in consumer exposure, it is necessary to identify them as part of product 

characterization.

• Accelerated degradation under exaggerated conditions forces compound 

formation, allowing pre-emptive identification in case they appear in stability 

testing.
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Do the decomposition products further react?

Nature Scientific Reports | 7:42549 | DOI: 10.1038/srep42549
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Goals

• Examine the effect of moderate and exaggerated thermal degradation 

(45º & 90º C) on PG and VG.

• Determine the effect of water when present in the system.

• Identify compounds formed during exposure to elevated temperatures. 

• Build a custom mass spectral database for improved compound identification.

20
23

_T
S

R
C

72
_F

ra
le

y.
pd

f
T

S
R

C
20

23
(7

6)
 -

 D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed
 b

y 
C

O
R

E
S

T
A



TM and © 2023 JUUL Labs, Inc
This presentation is intended for sharing with the scientific community. It is not intended for advertising or promotional purposes and is not intended for a general 
consumer audience. JuulLabsScience.com

Study Design - Propylene Glycol (PG), Glycerine (VG), Water (W)

Sample % PG % VG % Water Temp ˚C

PG 100 45

VG 100 45

PG-VG 50 50 45

PG-W 93 7 45

VG-W 93 7 45

PG-VG-W 46.5 46.5 7 45

PG 100 90

VG 100 90

PG-VG 50 50 90

PG-W 93 7 90

VG-W 93 7 90

PG-VG-W 46.5 46.5 7 90

Reaction time = 0 to 25 days
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Experimental

• Reagents: ACS grade PG, VG, PG/VG (1:1) 

• Storage: 2 mL glass vials with Teflon caps and headspace. 

• Heating: Ovens set to 45 ºC and 90 ºC. 

• Sampling: 50 µL aliquot diluted in 1 mL ethanol containing 10 mcg/mL 

6-methylcoumarin as an internal standard for normalization.

• Analysis: Non-targeted GC-MS on a Stabilwax column, Agilent Unknowns 

Analyzer, Accurate mass Orbitrap. These data do not include LC compounds.

• Identification: Spectral using NIST 2017 and Wiley 11 spectral databases.
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Time Zero – Initial Conditions
• Some impurities were identified in the non-USP, reagent grade PG and VG.

These were monitored for changes over time.  

GC column degradation peaks were also seen over duration of the study. 
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Results – Compound appearance with continuing growth 45˚C

Sample Acetone Hydroxyacetone Hydroxypropanone Dioxolanes Diglycerols

PG-45˚C

VG-45˚C

PG-VG-45˚C 5 days

PG-W-45˚C

VG-W-45˚C

PG-VG-W-45˚C
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Results – Compound appearance with continuing growth

Sample Acetone Hydroxyacetone Hydroxypropanone Dioxolanes Diglycerols

PG-45˚C

VG-45˚C

PG-VG-45˚C 5 days

PG-W-45˚C

VG-W-45˚C

PG-VG-W-45˚C

PG-90˚C 2 days 10 days

VG-90˚C

PG-VG-90˚C 14 days 2 days 5 days

PG-W-90˚C 12 days 3 days 10 days 10 days

VG-W-90˚C 7 days 19 days

PG-VG-W-90˚C 3 days 1 day 4 days
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Cyclical Acetal Formation – mechanism

Harnitzky and Menschutkin , Melvin
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The decomposition products do indeed further react at 90 ˚C.

Cyclical Acetal Formation – mechanism
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Cyclical Acetals from Simple Thermal Degradants
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Sample Chromatography PG-VG-Water-90˚C for 25 days

38 new compounds
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Top 10 Compounds PG-VG-Water-90 ˚C – Time 25 Days
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Thermal Degradation from 0 – 25 days at 45 ˚C (mcg/mL)
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Thermal Degradation from 0 – 25 days at 90 ˚C
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Thermal Degradation from 0 – 25 days at 90 ˚C
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Thermal Degradation PG-VG-Water from 0 – 25 days at 90 ˚C
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Thermal Degradation PG-VG-Water from 0 – 25 days at 90 ˚C

R² = 0.9303

 (1,000)

 -

 1,000

 2,000

 3,000

 4,000

 5,000

0 5 10 15 20 25

µ
g
/m

L

Days

2,2,4-trimethyl-1,3-dioxolane
R² = 0.9764

 -

 200

 400

 600

 800

 1,000

 1,200

 1,400

0 5 10 15 20 25

µ
g
/m

L

Days

2,2-Dimethyl-1,3-dioxan-5-ol

R² = 0.9881

 -

 200

 400

 600

 800

 1,000

 1,200

 1,400

 1,600

0 5 10 15 20 25

u
g
/m

L

Time (days)

1,3-ethoxyethylideneglycerol

R² = 0.9303

 -

 500

 1,000

 1,500

 2,000

 2,500

 3,000

 3,500

 4,000

 4,500

0 5 10 15 20 25

u
g
/m

L

Time (days)

4-methyl-2-(2-methylpropyl)-1,3-dioxolane 

R² = 0.9358

 (500)

 -

 500

 1,000

 1,500

 2,000

 2,500

 3,000

 3,500

 4,000

0 5 10 15 20 25

u
g
/m

L

Time (days)

2,2-dimethyl-1,3-dioxolane-4-methanol 20
23

_T
S

R
C

72
_F

ra
le

y.
pd

f
T

S
R

C
20

23
(7

6)
 -

 D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed
 b

y 
C

O
R

E
S

T
A



TM and © 2023 JUUL Labs, Inc
This presentation is intended for sharing with the scientific community. It is not intended for advertising or promotional purposes and is not intended for a general 
consumer audience. JuulLabsScience.com

PG-W Product Formation

Constant reaction rate, with additional thermal data, degradation stability modeling may be possible.
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Conclusions

• At 45 ˚C, only Hydroxyacetone was seen in significant concentrations by GCMS 

at these thresholds.

• In exaggerated thermal conditions, the formation of many low molecular weight 

decomposition molecules that are seen in aerosol, also appear in the e-liquid.

• These small molecules then combine with PG and VG to form dioxolanes.

• The formation of these compounds appears to follow a predictable rate, which 

may lead to the ability to model the long-term stability.

• If these compounds are seen in later NTA studies, we will know what they are 

and where they come from.
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This work could not have been successful without the enthusiastic 

assistance of our team in the Regulatory Science Laboratory.
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