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Environmental Forensics: Fuel fingerprinting 

In-Lab Activity 

 

The objectives of this lab activity are for you to gain an understanding of 

 the relationships between compound C-number, structure, and boiling point and chromatographic 

retention time.  

 the principles on which chromatographic separation is based; thereby increasing the information you can 

derive from chromatographic data 

 how the environment itself can act like a chromatography column 

This qualitative understanding will then be developed into quantitative predictions/estimations as we progress 

in this course. 

 

1. Work together to fill in the empty blanks in the Tables 1-3 below. Each of you should fill in some blanks in 

each of the 3 tables, so you get experience working with different types of hydrocarbons. 

 

Table 1. Straight-chain alkanes contain only C and H atoms and only single bonds. All C atoms are bonded to 

each other in a single chain. Greek prefixes indicate the number of C atoms in the chain and the formula follows 

the rule of CnH2n+2. The C-number is generally indicated by the Greek prefix on the compound name (e.g., 

hexane indicates 6 C atoms). To satisfy the octet rule for C, it must have 4 single bonds, so either 2 or 3 H 

atoms are attached to each C, depending on whether it is an “interior C” or an “terminal C” atom. We can write 

the general structure as CH3(CH2)nCH3, where you can see “end C” atoms are bonded to 3 H atoms (a -CH3- is 

called a methyl group), where “interior C” atoms are bonded only to 2 H atoms (a CH2- unit is called a 

methylene group) 

 

Compound Formula C-number MW bp (°C) 

pentane    36 

hexane    68 

heptane    98 

octane    126 

nonane    151 

undecane  11  196 

dodecane  12 170 216 

tridecane  13 184 234 

tetradecane C14H30 14 198 253 

pentadecane C15H32 15 212 269 

hexadecane C16H34 16 226 287 

octadecane C18H38 18 254 317 

nonadecane C19H40 19 268 330 

 



               © Costanza-Robinson, 2011                CHEM 270: Environmental Chemistry      Spring 2011 
 

Table 2. Branched alkanes, like straight-chain alkanes, contain only C and H atoms and only single bonds. 

However, the C atoms in branched alkanes do not form a single chain. The branches can be located at various 

places on the chain. To draw the structure, number the carbons in the longest possible chain and add the 

branched substituents (methyl (-CH3) or ethyl (-CH2CH3)) at the indicated carbon number. For example, 2,3-

dimethylhexane refers to a hexane (6 carbons) chain with one methyl group on C2 and one methyl group on C3. 

This may be drawn in equivalently in several ways (use the skeleton notation in the table) 

    
            “full”                         “condensed”            “carbon skeleton” 

 

Compound C-# bp 
Skeleton 
Structure Compound C-# bp 

 
Skeleton 
Structure 

2,2-dimethylbutane  50  2,3,3-trimethylpentane  115 

 

2,3-dimethylbutane  58  2-methylheptane  118 

 

2-methylpentane  60  3-methylheptane  115 

 

3-methylpentane  63  2,3-dimethylheptane  141 

 

2,2-dimethylpentane  79  2,6-dimethylheptane  135 

 

2,3-dimethylpentane  90  3,3-dimethylheptane  137 

 

2-methylhexane  90  4-ethylheptane  141 

 

3-methylhexane  92  2-ethyloctane  143 

 

2,2-dimethylhexane  107  4-ethyloctane  142 

 

2,3-dimethylhexane  116 

 

2,7-dimethyloctane  160 

 

2,5-dimethylhexane  109  
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Table 3. Aromatic hydrocarbons, contain C and H atoms and alternating arrangement of single and double 

bonds, often a ring structure, such as benzene (C6H6) (3 equivalent ways to draw the benzene structure are 

shown below). As with branched alkanes, some of the H atoms on the benzene ring can be substituted with 

methyl (CH3) or ethyl (CH3CH2) groups.  

 

 

 

You will notice in Table 3 that two names are provided for most compounds. The first is the commonly used 

(trivial) name, while the systematic name in parentheses allows you to derive chemical formulas/structures.  

 
Compound Formula C-number bp Structure 

Benzene C6H6 6 80  

toluene (methylbenzene)   111  

o-xylene (1,2-dimethylbenzene)   144  

m-xylene (1,3-dimethylbenzene)   139  

p-xylene (1,4-dimethylbenzene)   138  

Ethylbenzene   136  

1-ethyl-2-methylbenzene   165  

1-ethyl-4-methylbenzene   162  

1,2,3-trimethylbenzene   176  

1,3,5-trimethylbenzene   165  
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2. In your lab notebook, plot boiling point vs. C-number (y-axis vs. x-axis). Plot data from all three tables 

(above) on the same graph, but use a different color for each set of data. 

a. Based on your graph, what can you say about the relative boiling points of straight-chain, 

branched, and aromatic hydrocarbons? 

b. Use your graphs to predict the boiling points of decane (C10 alkane), heptadecane (C15 alkane), 

dotriacontane (C32H66), triethylbenzenes, and tetramethylbenzenes 

c. Compare your predictions with those of other groups. 

3. Using the GC-MS data provided for the fuel standards, plot GC retention time vs. C # for the following 

aromatic and n-alkanes (only use data for library matches >85% match quality) 

Aromatic: toluene, ethylbenzene, xylenes (there are several isomers), ethyl-methylbenzenes (all 

isomers), trimethylbenzenes (all isomers) 

n-alkanes: nonane, decane, undecane, dodecane, tridecane, tetradecane, pentadecane, and hexadecane 

a. Which fuel standard was the most suitable for obtaining retention times for aromatics? For n-

alkanes? Briefly explain why these two fuels are dominated by different compound classes. 

b. Consider the diesel standard data. Both Peak 21 (ret 22.027 min) and Peak 26 (ret 25.290 min) is 

identified as eicosane (C-20) with 98% and 99% match-quality, respectively. C20 is also 

suggested as a good MS library match for Peaks 25, 27, 29, 30 and others. Based on your 

retention time plot or on C# analysis of the diesel chromatogram, which of these peak 

assignments is correct (i.e., which peak is really eicosane)? Likewise, make peak assignments for 

Peaks 29, 30, and 32. 

c. m-, p-, and o-xylene are all C- 8 compounds, and yet their boiling points (and GC retention times) 

differ slightly. Hypothesize why o-xylene has a higher bp (144 °C) than m- and p- (138-139 °C).  

d. On the retention time versus C# plot, qualitatively sketch how the plot might change if you were 

to increase the GC oven temperature ramp (from heating up at 7 °C/min to heating up at 

15 °C/min). 

4. Discuss with your classmates and prepare responses to the following questions: 

a. What environmental surfaces or objects/phases might act like a reverse-phase column? What 

surfaces or objects/phases might not? 

b. Consider fuels as just one example. How does the real complexity of the environment and of 

chemical mixtures complicate our understanding and prediction of environmental effects of 

chemical releases? What assumptions do we make? Are these assumptions reasonable?  


