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The term “semivolatiles” is used to describe the volatile fraction of the par- 
ticulate phtlse of smoke’, and this fraction includes compounds with boiling points 
up to 2503. Graham+:’ used n fraction trapping and transfer device with t\vo _gas 
chromato~rttphic (CC) columns to separate fractions ofthe semivolatiles_ Sk fractions 
of this portion of smoke \\-ere anal_vzed by Neurath er lr/_-’ using column chromato- 
=r;lphv followed by 
Giillmin” 

_gas chromatography-mass spectrometr_v (GC-MS). Gob and 
analyzed the scmivolntiles on ;I sin$e chromatographic column without 

prior frxtiowtion. The objective of this \vork was to develop a GC an:il_vsis that 
\vouid serve 1s :L fingerprint of this fraction of smoke and which could be used for 
the quantitativ& determination of certain semivolatile compounds. 

EXPERIMENTAL 

An internal standxd was needed to perform the comparative and quantitative 
nnttI~scs_ Undecnne (99 y< pure. Chemical Samples Co., Columbus, Ohio, US-A-) was 
used :is the internal sttmdnrd because it did not interfere with an: peak of merisurable 
size in the chromatogram_ The internal standard solution was 14-S ;IE of undecane/ml 
of :L 1 : I misture of scttone-methyleIle chloride_ 

One brand of domestic filter blend cigarettes was used to obtain the quanti- 
tative data. A cold tmp” containin, ~7 3 ml of the intern:4 stsndard solution was im- 
mersed in liquid nitrogen. The cigarettes \vere smoked under standard conditions 
(one 3kll1, 2-set puft;:niin) to :i 27-111111 butt Ien@ on :i Filtrona ?@poJt SnlOkiIlg 

machine connected directly to the trap. The whole smoke condensed as it came into 
contact with the co!d &ss_ After forty cigarettes had been smoked into the tr:ip, it 
was disconnected from the smoking machine and was lxxrmed to room temperature. 
The wholr smoke misturc was diluted to 5 ml with the internal standard solution?. 

An open tubular column was used for the separation of the semivolatiles. The 
525ft_ s 0.012~in. I.D. , glass capilIar_v \v:ls coated with methyl silicone OV-101 
liquid phase. The carrier gas, nitrogen, was regulated at a flow-rate of 1.85 ml/min 
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with a sp!it ratio of 1 :I_ The column temperature was maintained at 30” for 12 min 
and was then programmed to 200” at 2”/min. A flame ionization detector was used 
to obtain the chromatogram shown in Fig. I_ 

i\fCL_TS spectronretric corrclitiotzs 

Mass spectra were recorded for the separated components of the comples 
semivolatile mixture with the Finn&an Model 1015 S/L gas chromatograph-mass 
spectrometer_ The mass spectrometer serves as the detector for the gas chromato- 
graph, and the signal for the total ion monitor is displayed on a strip chart recorder 
to obtain the chromatogram. 

Qxmtitrltise rfutrftr 

Known amounts of the semivolatile compounds \vere added to portions of 
the internal standard solution_ Three solutions_ having approsimatsly one-half t!lc 
amount_ equivalent amounts, and twice the amount of these semivolatile compounds 
present in forty cigarettes per 5 ml_ \vere prepared_ Then forty cigarettes were smoked 
into 4 ml of each of the three spiked solutions_ 

A peak height ratio between the peak height of each semivolatile compound 
and that of the internai standard was determined_ A calibration curve ~~1s obtained 
from it plot of the peak height ratio wrsm the amount of the compound added. The 
point for the peak height in a control s:mtple is on the ordinate. at 0 ,LI~ spiked_ The 
amount of the compound in the control sample is the point where the calibr:ltion 
curve crosses the abscissa’. The amounts of sixteen of these semivolatile compounds 
identified are given in Table I. 

TABLE I 

QUANTIT_4TIVE DETERhllNATION OF SESlIVOL.4TILE COMPOUNDS IN A DOhlESTlC 

FILTER BLEKD CIGARETTE 

Benzene 3_0 
Dihxdropyan 0.6 
1.5Dimsthylfuran 3.0 
3-Hrpryne 1.0 
Ethylcyclopentene 0.3 
To!uene 44.0 
PyrroIe S-0 
II~- and p-_XyImes 19.0 
Styrene IS.0 
0-,XyIcne 6-O 
Cumene 0-S 
Benzaldehgfe rtS.0 
Benzonitrik 10*0 
Limotxne 6-t-O 
I ndenr 2.0 
p-CXSOl I-?.0 

---. __~.~____.~ 
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RESULTS AND DISCUSSION 

The objective of this work was not to identify new compounds in cigarette 
smoke but to develop a rapid method to obtain an overail chromatographic picture 
of the semivolatile fraction of smoke_ The analysis of the semivoiatiles requires 
approximately 2 h and includes compounds with boiling points of SO’ (benzene) to 
246’ (nicotine)_ An elaborate system of traps, estractions, valves, and chromato- 
graphic columns was avoided to give a simple analysis. 

The compounds identified in the semivolatile fraction and the methods of 
identification are given in Fig_ 1 and Table II. Certain of these compounds were 
quantitatively determined on a popular domestic filter blend cigarette (Table I). This 
GC method can be used to compare the amounts of these compounds in various 
cigarettes. 

Fig. I. Gas chromatogrrun of semivolatilrs of ;L domestic blend filtered cigarette See Ttlblc Ii for 
peak identification. 

TABLE II 

SEhllVOLATILE COXIPOUNDS IDESTlFlED IS CHRO~lATOCRAhl IN FIG. 1 

;V#,. Cmlrpornrll .I Icrlror I of .Yo_ Conlpowl 

ick~lt$kutiorI 
-.._ 

1 Benzene GCMS 1s Benzaldehyde 
1 Dill\-drop_vmn GC 19 C,-Benzene 
-3 2.5-Dimctll_vlfurrln GC.MS 70 Benzonitrilt 
1 Vin_vlcyclopcnrenr MS 21 C,-Benzene 

Z 
X-icptync GC.MS ‘1 C,-Benzene 
Ethylcylopentenc CC 23 Diethylbcnzens 

7 Toluene GC.XlS 2-t Limonene 
8 Pa-aldehydc GC 15 I ndene 
9 Py-role GC,hlS ‘6 Phenol 

10 Dinwthylhesadicne MS ‘7 C,-Benzene 
11 2-:Methylp_vrazinc hlS 1s Metho.syphenol 
12 Furfural GC.MS ‘9 p-Cresol 
13 m- and p-Xylcnes GC,MS 30 Mrthylindanr 
14 Styrene GC,MS 3f Meihylindcne 
15 o-Sylene GC.MS 3, C,-Benzene 
16 Cuniene GC.MS 33 Naphthalene 
17 5-Methyl-~ furaldehyde GCMS 34 Ethylphenol 

35 Trimcthylphcnol 
-- -.. - .- . ..- . 

GC.MS 
MS 
GCJlS 
MS 
hlS 
MS 
GC.hlS 
GC,MS 
MS 
MS 
&IS 
GC,MS 
MS 
M s 
1c1s 
GC,MS 
MS 
MS 

- 
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Most of the values given in the literature for the amounts of these compounds 
in cigarette smoke are for unfiltered cigarettes3ps_ Both limonene and 2,5-dimethyl- 
furan (Table I) were present in the domestic filter blend cigarettes in considerably 
larger quantities than reported previously_ Smaller amounts of other compounds were 
found because they were selectively removed by cellulose acetate filters. 

A highly precise method was sacrificed for one that could be performed rou- 
tinely- The compounds that are determined quantitatively are representative of 
different classes of compounds containin= m various functional groups_ Correlations 
can be made between the presence and amounts of these compounds and the presence 
and amounts of similar compounds known to be present in ci_earette smoke. 
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