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A Critical Assessment of Recent Work on the 
Application of Gas/Particle Partitioning 
Theories to Cigarette Smoke
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Table 1.
Summary of data from PANKOW’s ETS experiment (6, 7)

Measured at 20 °C and 60% RH Correcteda to 25 °C Measured at 25 °C and 60% RH

Compounds log  (torr) log Kp (m
3/µg) log Kp (m

3/µg) log  (torr) log Kp (m
3/µg)p o

L p o
L

n-Alkanes

C16 �3.17 �3.96 �4.22 �2.91 �4.93
C17 �3.70 �3.98 �4.25 �3.43 �4.35
C18 �4.23 �3.71 �4.00 �3.94 �3.95
C19 �4.76 �3.36 �3.67 �4.45 �3.49
C20 �5.28 �2.76 �3.08 �4.96 �3.01
C21 �5.81 �2.33 �2.66 �5.48 �2.52
C22 �6.34 �1.65 �2.00 �5.99 �2.24

PAHs

Fluorene �2.42 �4.64 �4.83 �2.23 �5.09
Phenanthrene �3.23 �3.18 �3.39 �3.02 �3.66
Fluoranthene �4.42 �2.24 �2.47 �4.19 �2.76
Pyrene �4.61 �2.16 �2.40 �4.37 �2.59
Chrysene �5.90 �0.66 �0.92 �5.64 �1.55

N�Containing

Quinoline �1.25 �4.16 NRb NR
Isoquinoline �1.38 �3.88 NR NR
Nicotine �1.48 �2.83 NR NR
Carbazole �4.82 �2.26 NR NR

a Values determined at 20 °C corrected to 25 °C according to PANKOW (4)
b NR = Data not reported 
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Table 2.
Summary of data from Pankow’s ETS and MSS experiments (8)

pNH3 × 106 (atm) at 20 °C NH3 used (µg/filter) RH (%) log Kp

ETS

Baseline value from LIANG and PANKOW (7) �2.83
0.01 0.28 60 �3.0
1.7 48 60 �3.72
3.0 85 60 �3.77
21 594 60 �4.38
127 3 590 60 �4.93

MSS�A

0.0 0 60 �4.43
1.04 29 60 �4.4
18.6 526 60 �4.7
80.4 2 273 60 �4.8
185 5 229 60 �4.95
196 5 540 60 �4.90
427 12 070 90 �4.99

MSS�B

140 3 957 60 �5.02
296 8 367 90 �4.94

�*E�� �'�X�  �%���� %!�	� !�� 	�"!���	�  �%���"2� S((� T�*
���!���	� ��'���������  !�� �#�� 	�"!����!�� �<����'���"
8�"����W=*
3.)456�"�;�,��<����'���"�8�%%�����!�"�	���	� ��"�*�.�
�� ���%����%�� �''!���� %���%� ��� �#�� 	�"!����!�� ��"
0�*�����'&12�3.)456� !��	�%!��0���!�����E*�*�:!87
����2�� �����"��""�'�	��#���(�B�! ��#�����!�����8�"�����#�
��"��#�"������#����'���#��;�,�8�"�"�'�%�	���	��#����#�
�,3�%���%�! �S���T�?'E�8�"�'��"���	���������%�2��#�����
;>����!��C�*��F2�%!��0��"#!�%	�#����������E*(*��!������!
�� %!��0�� ����!��#���� �E*(2� 3.)456� #�	� �!� �"�� ��� �
'���'�'�DS�T��0��T'!%1�! ��''!���� !����!���D��T�
0�*��T'!%1�! ����!����*�$ �����"��""�'�	��#���(B�0����%��
������ �!'��� ��������E1�! ��#�����!�����8�"�����#����"
�#�"����� �#�� ��'���#��;�,�8�"�"�'�%�	2� %!��0�� "#!�%	
#����������S*�E*��!�����#��#���%���%2�3.)456�#�	��!��"�
��'���'�'�! ��(S�T��0E��T'!%1�! ��''!���� !����!��
D��T��0�*��T'!%1�! ����!����*��#�"��"�'�%����%��%���!�"
8��#�3.)456�"� !�'�%�����	�	����"#!8��#������#���#�"
�<����'����%�����!��#�8�"����!������!�����!�"�8����'�	�
����#�����!�����	����'�����!�"����	�	� !���#����%��%���!�
! ��#����%��"�! �%!��0�*��#��%��������"��������"��!�����#�
'!����%��"��%���"�3.)456����!���	��#���#�"����!�����"
! � �#�� ���!����7/E� "���!����� �������%� "���	��	� �����	
���8����E�B���	���B*
$ ���"�'�%���������"������� !��3.)456�"��,,��<����'���"2
������%�� ���"����	� 	���� ��	� "�'�%�� ��%��%���!�"� "#!8
��!�%�'"� 8��#� #�"� �<����'����%� ����!��#*� $�� �((D2
�5,;3:� ��	� =5=:�.)� 0S�1� ���!���	� �#��� 8#��� �,,
 �!'����!������%���	�-,7�%��	� �%��������������8�"�	�%���	

0���#���  �	�%���	�E��'R��!�S���'R1��<����#�����������
��	������#�!��#���	���	��2��*(�B�C��0B1F�! ��#�����!����
����#��	�%���	�"'!���8�"�����#����"��#�"�*���"�	�!���#�
���!���	���  ��!����! �D���	�����""�'�	��3��! ���*D
'�?���������2��#���,3��#�!��#��#��	���	���8�"���!��
�*D�E�V� ���� T�?'E*�6#��� �#�"�� 	����8���� �"�	�8��#
;>����!�� C�*��F2� %!��0��8�"��S*D�� 00��\� �*���V� ����

'E?T�1*� $�� �� "��"�>����� ���"������!�2� �5,;3:� ��	
=5=:�.)� 0SE1� ���!���	� �#��� �� ���%�����!�� ! � �#���
�����!�"� ��"����#� ���%	�	� �� ��0B1� ! � �*D�� ]� �*��B*
�5,;3:� ��	� =5=:�.)� �%"!� ���!���	� �#��� �#��� #�	
�'��!��	��#�������#��>���"��#��#������#���  �#�	��!���
	�%���	��!�!�%�����'R����!���!��#��	���	��*��#������8
 ��	���"�"#!8�	�����%���! ��*��S�]��*���B� !����0B1� !�
�� �%%� %��!�����������*�$���#��"�'�����"������!�2��5,;3:

��	�=5=:�.)��%"!����!���	��#���8#����#��"�'�������! 
����������8�"�'�	��8��#� ��B�  �%���� �����%���!�2���0B1
������"�	��!��*����]��*�EB*��#�"��	��������"�''�����	
������%��E*�=�%��%���	���%��"� !��%!��0�� �!'��!�#�"��	��"
����5,;3:���	�=5=:�.)������	� �!'��S*D���!��E*��*
4$),;�
 ��
 ���� 0SS1� ���"����	� 	���� !�� �#�� �'!���� ! 
���!������#�����""�	��#�!��#��#��=�'���	�����	���	�8�"
������	� !�� ^.@7S� ��"��� 	������ A�=� 0A�	���%� ���	�
=!''�""�!�1� "'!����*� $ � ��� �"� �""�'�	� �#��� ���!����
��""�����#�!��#��#��=�'���	�����	��"���"7�#�"�����!����2
%���%"� !����0B1���	��"��'���!�"�! �%!��0���������!������	
 �!'�4$),;��"�	��������"��! �;>����!��C�*��F���	�	����!�
�#���3��	�%������"���	���  ��!���*��#����"�%�"�! ��#�"�
��%��%���!�"���	��"��'���!�"��%"!�����"#!8��������%��E*
&�%��"� !����0B1������	� �!'��*�B� !����#��#%�������7



E

Table 3.
Summary of calculated values of Kp for nicotine in MSS (42, 43, 44)

Cigarette Per puff dilution Pg(%) Kp (m
3/ug) log Kp

FFa American blend 35 � 400 0.96 1.51 × 10�5
�4.82

FF American blend (+EE)b
35 � 400 1.03 1.41 × 10�5

�4.85
FF American blend 35 � 400 0.81 1.80 × 10�5

�4.75
FF American blend (�EE) 35 � 400 0.59 2.47 × 10�5

�4.61
FF American blend (+EE) 35 � 60 0.024 9.17 × 10�5

�4.04
FF American blend 35 � 60 0.014 1.57 × 10�4

�3.80
FF American blend (�EE) 35 � 60 0.004 5.50 × 10�4

�3.26
FF American blend + 20% FVc (+EE) 35 � 60 0.088 4.54 × 10�5

�4.34
FF American blend + 20% FV 35 � 60 0.051 7.84 × 10�5

�4.11
FF American blend + 20% FV (�EE) 35 � 60 0.014 2.86 × 10�4

�3.54
Cambridge Lowest 100s none 0.75 1.68 × 10�5

�4.77
Merit Ultra KS none 0.24 2.28 × 10�5

�4.64
Marlboro Lights KS none 0.06 3.72 × 10�5

�4.42
Industry Monitor 16 none 0.02 6.94 × 10�5

�4.16

a FF = Full flavor
b EE is the experimental error reported for the values reported by JOSEPH and COCHRAN (43)
c FV = Filter ventilation
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Table 4.
Summary of calculated values of � for nicotine in MSS for a nonventilated filtered US-blend cigarette (42, 43)

Cigarette Per puff dilution Pg(%) Kp (m
3/ug) �

c

FFa American blend 35 � 400 0.96 1.51 x 10-5 0.67
FF American blend (+EE)b

35 � 400 1.03 1.41 x 10�5 0.71
FF American blend 35 � 400 0.81 1.80 x 10�5 0.56
FF American blend (�EE) 35 � 400 0.59 2.47 x 10�5 0.41
FF American blend (+EE) 35 � 60 0.024 9.17 x 10�5 0.11
FF American blend 35 � 60 0.014 1.57 x 10�4 0.06
FF American blend (�EE) 35 � 60 0.004 5.50 x 10�4 0.02

a FF = Full flavor
b EE is the experimental error reported for the values reported by JOSEPH and COCHRAN (43)
c A value of 1.0 × 10�5 m3/µg at 25 °C has been used for the calculated value of Kp using Equation [1.6]
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Table 5.
Corrected calculated values for the fraction Pg,eq(%) of nicotine on dilution of MSS

Smoke type TSP (µg/m3) log Kp (m
3/µg) Pg,eq(%)

20 °C

MSS 4.00 × 107
�4.43 0.07

MSS/14 2.86 × 107
�4.43 0.93

MSS/28 1.43 × 106
�4.43 1.85

37 °C

MSS 4.00 × 107
�5.18 0.22

MSS/14 2.86 × 107
�5.18 2.98

MSS/28 1.43 × 106
�5.18 5.79

In Table 5, PANKOW’s assumption of a MSS TSP of 4 × 107 µg/m3 was used along with RAY’s data on the vapor pressure of nicotine at 
20 °C and 37 °C. PANKOW’s value of �4.43 for log Kp at 20 °C was used.
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Table 6.
Blend ammonia, MSS ammonia and MSS pH for selected American cigarettes (69)

Brand style FTC "tar" (mg/cig) Tobacco NH3 (%) Smoke NH3 (µg/cig) Smoke pH

Camel KS (MSS�B) 14 0.11 33 6.00
Camel Lights KS 9 0.13 21 6.07
Camel Ultra Lights KS 5 0.12 13 6.35
Marlboro KS (MSS�A) 16 0.27 32 6.03
Marlboro Lights KS 10 0.28 22 6.13
Merit Filters 100s 9 0.29 19 6.33
Merit Ultra Light KS 5 0.34 12 6.33
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Table 7.
Calculated SSS and MSS ammonia deliveries assuming 100% transfer of all DAPa ammonia to smoke from a
hypothetical filter cigarette with a tobacco blend containing 30% RTSb made with 10% DAP.

Tobacco or smoke parameter Amount

Tobacco weight of typical domestic cigarette 767 mg
Weight of RTS at 30% inclusion in tobacco blend 230 mg
Weight of DAP at 10% of RTS 23 mg (0.174 mmol)
Weight of ammonia transferred to smoke assuming 100% transfer and 2 moles
ammonia per mole DAP

5932 µg

Assumed SSS/MSS ratio 400
SSS ammonia attributable to DAP 5917 µg/cigarette
MSS ammonia attributable to DAP 15 µg/cigarette

a DAP = diammonium phosphate 
b RTS = Reconstituted tobacco sheet

Table 8.
Calculated SSS and MSS ammonia deliveries assuming 100% transfer of all urea ammonia to smoke from a
hypothetical filter cigarette with a tobacco blend containing 30% RTS made with 10% urea

Tobacco or smoke parameter Amount

Tobacco weight of typical domestic cigarette 767 mg
Weight of RTS at 30% inclusion in tobacco blend 230 mg
Weight of urea at 10% of RTS 23 mg (0.383 mmol)
Weight of ammonia transferred to smoke assuming 100% transfer and 2 moles
ammonia per mole urea

13 020 µg

Assumed SSS/MSS ratio 400
SSS ammonia attributable to urea 12 987 µg/cigarette
MSS ammonia attributable to urea 33 µg/cigarette

Table 9.
Calculated SSS and MSS ammonia deliveries assuming 100% transfer of all DAP ammonia to smoke from a
hypothetical filter cigarette with a tobacco blend containing 30% RTS made with 10% DAP after accounting for
reactions with reducing sugars

Tobacco or smoke parameter Amount

Tobacco weight of typical domestic cigarette 767 mg
Weight of RTS at 30% inclusion in tobacco blend 230 mg
Weight of DAP at 10% of RTS 23 mg (0.174 mmol)
Weight of available ammonia 5932 µg (0.348 mmol)
Weight of reducing sugars in tobacco at 5% of tobacco weight 38 mg (0.213 mmol)
Weight of ammonia consumed by reaction with sugars 3625 µg (0.213 mmol)
Weight of remaining ammonia available for transfer to smoke and assuming
100% transfer

2307 µg

Assumed SSS/MSS ratio 400
SSS ammonia attributable to DAP 2301 µg/cigarette
MSS ammonia attributable to DAP 6 µg/cigarette

a Calculated as glucose and/or fructose, mw 180
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