
CONCLUSION
■	 Loss	 of	 2,	 2,	 4-trimethyl	 pentane	 and	 toluene	 indicative	 of	 >80%		
weathered	gasoline.

■	 Ratiometric	values	for	substituted	naphthalenes	vs.	o-xylene	and	vapor	
pressure	are	amenable	 to	quantitation	beyond	60%	weathering.	At	or	
below	60%	both	approaches	have	no	utility.

DISCUSSION
■	 2,	2,	4-trimethyl	pentane	and	 toluene	were	consistently	undetected	 in	
samples	that	were	weathered	past	80%	(Figure 2).

Ratiometric Approach  
■	All	 ratios	 remained	 relatively	 unaffected	 when	 weathered	 less			
				than	50%	(Figure	3).
■	 There	 is	minimal	change	 in	samples	weathered	 from	10-50%,	and	 the	
largest	 change	 is	 from	 70-90%	 when	 the	 least	 volatile	 components	
are	plotted	against	 the	most	 volatile	 consistent	 compound	 (o-xylene)	
(Figures 4 & 5).

Vapor Pressure Analysis 
■	 The	vapor	pressure	curve	 follows	classical	behavior	when	plotted	as	
Log	P	vs.	(100-Weathering)	where	(100-Weathering)	could	be	construed	
as	a	temperature.

MATERIALS & METHODS  
Materials
Gasoline	samples	were	taken	from	five	different	gas	stations	in	the	Houston	
area.	 Brands	 included	 Shell,	 Chevron,	 Valero,	 Exxon,	 and	 Mobil.	 Each		
sample	 was	 weathered	 from	 10%-90%	 in	 10%	 increments	 using	 a		
TurboVap®.	An	aliquot	(10µL)	of	each	sample	was	added	to	approximately	
1mL	of	carbon	disulfide	in	an	autosampler	vial	for	a	total	of	50	samples.	
Instrumentation	
Analysis	 was	 performed	 on	 a	 GC/MS.	 Samples	 were	 run	 five	 times	 and	
integration	 reports	were	generated	 for	each	 run.	The	corrected	area	was	
recorded.	
Ratiometric Approach
Intra-sample	 ratios	 were	 calculated	 for	 each	 compound	 while	 using		
integration	 reports	 and	 then	 compared	 with	 ratios	 for	 the	 unweathered	
sample’s	 inter-compound	 ratios.	 This	 was	 then	 averaged	 over	 the	 five	
gasoline	brands.
Vapor Pressure Analysis
The	 ten	 most	 abundant	 compounds	 were	 converted	 to	 pseudo-mole		
fractions	 and	were	 then	 used	 to	 calculate	 the	 combined	 contribution	 to		
the	total	vapor	pressure	using	Raoult’s	Law.
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RESULTS 

Figure 2: 90%	weathered	sample	with	2,	2,	4-trimethyl	pentane	and				
toluene	completely	evaporated.	

Figure 4: 1-methylnaphthalene	relative	to	
o-xylene.

Figure 5: 2-methylnaphthalene	relative	to	
o-xylene.

Figure 6: Classic	 Log	 P(bar)	 vs.	 T	 behavior.	
Weathering	function,	f(w)	=	(100	–	weathering	extent),	
e.g.	x	=	10	is	90%	weathered	substituted	for	T.

Figure 3: Each	 compound’s	 average	 ratio	
comparisons	 to	 unweathered	 gasoline	 relative	 to	
o-xylene.

INTRODUCTION  
Ignitable	liquids,	as	with	any	fuel,	are	wholly	or	partially	consumed	in	a		
fire.	 The	 process	 by	 which	 the	 liquid	 degrades	 is	 akin	 to	 weathering	
where	 the	 most	 volatile	 components	 of	 a	 mixture	 diminish	 in	 quantity	
by	 continuous	 exposure	 to	 the	 atmosphere.	Weathering	 is	 temperature	
dependent	and	 results	 in	a	sequential	 loss	of	volatiles	as	a	 function	of		
the	 component’s	 vapor	 pressure	 at	 a	 given	 temperature.	 Fire	 debris	
analysis	 is	 reliant	 on	 classification	 of	 ignitable	 liquids	 dependent	 on	
the	 peaks	 present,	 abundance,	 and	 ratios	 between	 the	 peaks	 from		
gas	 chromatography	 with	 mass-selective	 detection	 (GC/MS)	 (1).		
Furthermore,	when	a	degraded	sample	is	identified	in	fire	debris	evidence	
a	 representative	 reference	 should	 be	 used	 in	 casework	 (2).	We	 sought		
to	determine	whether	a	quantifiable	method	could	be	developed	to	assist	
in	determining	the	extent	of	degradation.

A	 ratiometric	 approach	 was	 examined	 to	 estimate	 weathering	 of	 the		
most	common	 ignitable	 liquid,	gasoline.	The	 integration	ratios	of	 target	
compound	 peaks	 by	 GC/MS	 could	 be	 a	 starting	 point.	 Integration		
results	 for	 11	 target	 compounds	 (2,	 2,	 4-trimethylpentane,	 toluene,	
ethylbenzene,	 o-xylene,	 m-xylene,	 p-xylene,	 1,	 2,	 4-trimethylbenzene,		
1,	 2,	 4,	 5-tetramethylbenzene,	 naphthalene,	 2-methylnaphthalene	
and	 1-methylnaphthalene)	 were	 tabulated.	 A	 second	 approach	 was		
investigated	 where	 integrated	 results	 for	 the	 ten	 most	 abundant		
compounds	were	 converted	 to	mole	 fractions	 and	 along	with	 literature	
values	 of	 vapor	 pressure	 then	 used	 to	 calculate	 their	 combined		
contribution	to	the	vapor	pressure	using	Raoult’s	Law.

Figure 1: Total	ion	chromatogram	of	a	70%	weathered	sample	from	Exxon	
with	all	compounds	analyzed	present	with	retention	times.

Compound Retention Time

2,	2,	4-trimethylpentane 1.16

Toluene 1.56

Ethylbenzene 2.21

o-xylene 2.28

m,	p-xylene 2.43

1,	2,	4-trimethylbenzene 2.98

1,	2,	4,	5-tetramethylbenzene 3.96

Naphthalene 4.32

2-methylnaphthalene 4.97

1-methylnaphthalene 5.02

Log	P	(bar)=	1.115	-	(8.255/(f(w)+	2.224))
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