
����������	
�VJ	��
����	����	�	�����
���	
�VJ	�����	
���

		������
��	�
	
��	����� �	�!�"�	���	 �������#$	%��
��#&
'�����(�"&	�(�
���&	���
�!���	����) ��

*��
�+#�	,(�	 ���"-�����(�#	'�
����
�����	�	������������	
��
����

�
��	���
� .��(!�	��	�	/�)	
	�	0(�$	
���

Pyrolysis of Cigarette Ingredients 
Labelled with Stable Isotopes*
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Table 1.
Intact transfer indicated by pyrolysis and smoke chemistry from 14C-labelled compounds (2, 3)

Transfer predicted
 by pyrolysis

Transfer indicated 
by 14C-labelling

Anisole (2) 100% 100%
p-Anisaldehyde (2) 97% 91.4%
Benzaldehyde (2) 74% 100%
Isoamyl isovalerate (2) 99.6% 100%
t-Methyl cinnamate (2) 98.8% 100%
Menthol (3) 99.5% 98.9%
Vanillin (2) 100% (87% to 100%)*

* 14C-labelling result inconclusive for vanillin
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Figure 1.
Conditions within the burning cigarette.

Figure 2.
The pyrolysis apparatus.
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Table 2. 
Instrumental operating conditions.

Gas chromatograph
Analysis of volatile products

from pyrolysis
Analysis of smoke extract

Instrument HP 6890 HP 6890
Injection mode Split Split
Split flow 20 mL/min 20 mL/min
Split ratio 20:1
Column HP 5 MS HP 5
Column dimensions
   Length 30 m 30 m
   Inside diameter 250 µm 250 µm
   Film thickness 0.25 µm 0.25 µm
Injector temperature 250 °C 250 °C
Carrier gas Helium Helium
Flow rate 1.0 mL/min 1.0 mL/min
Column mode Constant flow Constant flow
Initial temperature �60 °C 40 °C
Initial time 3.00 min 3.00 min
Ramp rate 10 °C/min 10 °C/min
Final temperature 210 °C 210 °C
Total run time 45 min 35 min

Mass spectrometer

Instrument HP 5973 MSD HP 5972 MSD
Mass range 33�400 amu 33�400 amu
Scan rate 3.92 sec-1

Solvent delay none 3.00 min
Ionisation mode EI EI
Electron energy �70 eV �70 eV
Electron multiplier voltage 1600 V 1500 V
MS quadrupole temperature 106 °C Not measured
MS source temperature 230 °C 280 °C
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Figure 3.
Labelled additives (* = 14C).
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Figure 4.
Labelled and non-labelled p-anisaldehyde (800 °C/ 2% O2).

Figure 5.
Labelled and non-labelled vanillin (800 °C/2% O2).
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Figure 6.
Mass spectrum of labelled p-anisaldehyde.

Figure 7.
Mass spectrum of labelled vanillin.
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Figure 8.
Degradation to phenol.

Table 3.
Intact transfer indicated by pyrolysis and smoke chemistry from 14C- and 13C-labelled compounds (2, 3).

Intact transfer
Predicted 

by pyrolysis
Indicated by
14C-labelling

Indicated by 
13C-labelling

Anisole 100% 100% (2) �

p-Anisaldehyde 97% 91.4% (2) 99.1%
Benzaldehyde 74% 100% (2) �

Isoamyl isovalerate 97.5% 100% (2) �

t-Methyl cinnamate 98.8% 100% (2) �

Menthol 99.5% 98.9% (3) �

Vanillin 100% (87% to 100%)* (2) 99.9%

* 14C-labelling result inconclusive for vanillin

Figure 9.
Degradation to benzaldehyde.
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Table 4. 
Degradation of p-anisaldehyde.

Compound
Pyrolysis conditions Smoke

[13C]200 °C 200 to 400 °C 200 to 800 °C

p-Anisaldehyde 97.1% 97.0% 69.1% 99.1%
Anisole 7.6% 0.3%
Phenol 5.9% 0.6%
Benzaldehyde 3.7%
Methyl-4-hydroxy benzoate 1.2% 1.0% 0.9%
Methyl-4-methoxy benzoate 0.5% 0.9% 1.2%
4-Hydroxy benzaldehyde 1.2%

Table 5. 
Degradation of vanillin.

Compound
Pyrolysis conditions Smoke

[13C]200 oC 200 to 800 oC

Vanillin 100.0% 50.2% 99.9%
Phenol 6.6%
2-Methoxyphenol 6.2% 0.1%
o-Cresol 5.6%
2-Hydroxy benzaldehyde 3.0%
Toluene 2.7%
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