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The direct application of gas chromatography with a flame photometric sul- 
phur detector and mass spectrometry to the identification of sulphur heterocycles in 
coal tar and pitch without the need for prior separation of a sulphur-rich fraction is 
described. Accurate mass measurement has allowed the assignment of atomic com- 
positions to the sulphur heterocycles with little ambiguity, despite their presence as 
minor components in a complex aromatic mixture. Single ion chromatograms and 

retention indices calculated relative to aromatic hydrocarbons have been used to 
correlate the mass spectral identifications with the sulphur-xkctive gas chromato- 
grams. 

INTRODUCTION 

Sulphur occurs to some extent in all fossil fuels, and sulphur compounds are 
found as minor components in the pyrolysis and combustion products. Their pres- 
ence in fuels is generally undesirable since they tend to poison certain catalysts used in 
the refining of petroleum and coal liquefaction products_ The release into the atmos- 
phere of SO2 from combustion processes has ied to limitation of the sulphur content 
of fuels in some countries. In addition, a number of sulphur heterocycles are sus- 
pected mutagens and/or carcinogensxW3. Sulphur heterocycles have not been charac- 
terised as fblly as the parent polycyclic aromatic hydrocarbons, but the development 
of methods for their identification and measurement is clearly desirable for assess- 
ment of the health hazards associated with the processing of coal tars and synthetic 
fuels. Knowledge of the forms in which sulphur occurs in these materials should also 
assist in the development of improved methods for its removal. 

The analytical methods which have been applied successfully to the determi- 
nation of sulphur compounds have generally involved gas-liquid chromatography 
(GC) in conjunction with sulphur-selective detection or mass spectrometry:A few 
applicafons of microcoulometric46 and ekctrolytic conductivity’*’ detectors have 
been reported, but the most popular sulphur-selective method has involved the use of 
the photometric detector (FPD)_ However, despite its widespread use, the FPD has 
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250 ‘7 C,,H,,S 
256 z CIsH,,S 
256 222 C,5H,,,S 
263 222 c,,w,,s 
263 222 C,,H,,S 
266 222 C15H,,S 
30 236 C,,HIzS 
256 236 C,,H,$j 
2s 236 CL6HIIS 
306 23-t C,,H,,S 
315 234 C,,H,,S 
323 234 C,,H,,S 
326 23-i C,,H,,S 
333 23-t C,,H,,S 
..-- 
L);)J 2G C,-Hx2S 
33s 2-2s CiSHllS 
3-m 234 C,,H,,,S 
3-s 24S CxTHzzS 
353 2x3 C,:HxIS 
3% 2% C11H12S 
35s 24S C,;H,,S 
36-l 24s C1yH12S 
36-t -6’ C.sH,,S 
373 $6; C;,H,,S 
379 ‘6” 

262 
C,,H,,S 

x34 ClllHIJS 
412 2% C,,H,,S 
322 25-s C;,H,$ 
425 2% C,,H,,-,S 
4% 2% C,,H1,S 
441 259 C,,H,,S 
445 2X3 C,,H,,S 
458 MS CI,H& 
458 272 CrYH& 
465 272 C,,H& 
450 272 CISH12S 
516 18-r C,,H,,S 
_%O 284 C,,H,,S 
554 234 iL.,H,=S 
570 2t.M Cz,,H,$ 
605 282 CTOH,,$ 
620 281 C,,H,,S 
630 282 CroHloS 
6-M 282 CzOHI,,S 
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-17 s -. 
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-2&S 
-26-S 
--2&S 
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Methylphenar?thro[4.5-b,c&hiophene 3.95 3.94 
Methylphen~thro(4,Ib,c.~~ophene 4xl-l 4.03 
Methylphcnanthro[4S.Eb.c,djthiophene 4.08 4.03 
blethyiphcnanthro[4.ib.c.dfthiophene 4.14 4.16 
~l~~h,-lphennnthro[4~~_c~thiophcnr 4-20 4.16 
Methylphenamhro[4.Eb,c.d’Jthiophcne 4.24 4-20 
Cz-aIkylphenamhro[4,5-b,c,&hiophene -t-j0 4.42 
C,-alkylphenanthro(5-b_c.~thiophene 4.57 4.52 
C,-alkylphcn~thro[~.-).Lb,c.djthiophene 5.70 466 
Bentonaphthothiophene isomer 4.90 4.84 
Benzonaphthothiophene isomer 5.04 4.99 
Benzonaphthothiopheue isomer 5.15 5.12 
Benzonaphthothiophene isomer 5.20 5.17 
Bemonaphthothiophene isomer 5.31 5.28 
Yethylbenzonaphthothiophene 5.31 5.2s 
Methylhenzonaphthothiophene 5.40 5.37 
Benzonaphthothiophene isomer 5.43 5.40 
Methylbenzonaphthothiophene 5.5s 5.52 
Me*~yiben.zonaphthothiophene 5.65 5.61 
MethyIbenzonaphthothiophene 5.70 5.69 
Methylbenzonaphthothiophene 5.73 5.69 
?cfethylhznzonaphthothiophene 5.54 5.79 
C,-alkylbertzonaphthothiophene 5s 5.79 
C,-alkylbenzonaphthothiophene 5.91 5.93 
C+lkyIhenzonaphthothiophene 6.07 6.03 
CZ-alkylbenzonaphthothiophene 6.13 6.11 
&nzophcnanthro[~.~-6,~,~t~ophene isomer 6.57 6.56 
Benzophenanthro[4.~b,c&hiophene isomer 6.71 6.72 
Benzophenanthr~4,5&,c&hiophene isomer 6.82 6.82 
B.enzophenanthro[4..S.c&hiophene isomer 6.94 6.91 
Benzophenanthr~4,5-b,c&.hiophene isomer 7.03 7.02 
Benzophenanthro[J.S,c,~~~phene isomer 7.10 7.09 
Benzophenamhr~4,5-b,r&hiophene isomer 7.32 7.30 
Methylbenzoph~~[4,~~_~.~~ophe 7.32 730 
Methylixnzophenarnhro[4,5-b,c,dthiophene 7.41 7-41 
,Wetfiylbe~ophenanthro[4.~,c,althiophene 7.70 7.66 
Dinaphthothiophene isomer s.51 8.40 
Dinaphthothiophene isomer 8.80 8.69 
Dinaphthothiophene isomer 5.98 8.86 
Dinaphthothiophenc isomer 9.20 9.11 
Perylo[l,l2-b,c,@hiophene isomer 9.73 9.68 
Perylo&lt-b.c&hiophene isomer 9.88 9.92 
Perylo[ 1, I?-b,c,d&hiophene isomer 10.15 IO_09 
Peryfo[l,l2-b,c,dJthiophene isomer 10.41 10.31 
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components will probably rely substantially on the use of chromatographic retention 
indices gor standard reference compounds, but few of these are available at present 
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