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Abstract 
 
 Ethanol is rapidly becoming an important biofuel and additive to gasoline.  It is used 
as a cheaper alternative to pure gasoline in addition to increasing the octane rating of 
gasoline.  Blended ethanol and gasoline mixtures have become popular in the United States 
and worldwide, but a procedure to quantify the amount of ethanol in these blends by using 
GC-MS is not readily available for the undergraduate research student.  This study develops 
a method to quantify the amount of ethanol in gasoline from the modification of similar 
methods used to quantify benzene and methy-t-butyl ether.  While the method yielded 
linear standard addition plots the accuracy of the quantification was extremely low.  This is 
likely due to systematic error with the GC-MS used. 
 
Introduction 
 

Worldwide ethanol (EtOH) production for use as a biofuel has tripled from 17 
billion liters in 2000 to 52 billion liters in 2007.1 Ethanol now accounts for an estimated 
5.46% of the total consumption of gasoline fuels.  While some states, such as Minnesota, 
require the blending of ethanol in gasoline up to ten percent, other states sell ethanol 
blends at a cheaper price than pure gasoline and use ethanol as an acceptable oxygenate to 
increase the octane number of gasoline.2,3  

While numerous ethanol in gasoline quantification procedures are available in the 
literature, most of these employ the use of the FT-IR or other methods that do not utilize 
gas chromotography-mass Spectroscopy (GC-MS).4  No such readily available procedure 
was found for using the GC-MS to quantify EtOH in gasoline for the undergraduate 
analytical chemist. Notably, there are procedures developed to quantify benzene and 
methyl-t-butyl ether (MBTE), a carcinogen and a controversial oxygenate additive, 
respectively.4,5 Due to these issues raised, this project then had two clear goals: 1) to 
quantify current ethanol levels in two North Dakota fuel samples, and 2) to develop a 
simple and free procedure to quantify ethanol in gasoline for the undergraduate chemist by 
modifying GC-MS procedures used to determine MBTE and benzene concentrations in 
gasoline.   
 
Experimental 
 
 The experimental parameters were set up as a hybrid of two papers involving the 
quantification of MTBE and benzene in gasoline with some modifications. 4,5  A combination 
of internal standard and standard addition quantifications was used.  Pure (200 proof) 
industrial grade EtOH was used for the standard addition of EtOH in the samples.  Toluene 
was used as an internal standard since it is present in reasonable percentage in both E10 
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and E85 gasolines, and its concentration will stay constant if samples of the gas come from 
the same gasoline sample. Toluene then could be used in proportion to the ethanol 
concentration in order to account for variance in injection volumes from the GC-MS 
autosampler.  The solvent used was 95% 1-chlorohexadecane.  This large organic solvent 
was chosen in previous procedures in order for the solvent to elute off the column well 
after the compounds of interest, as well as to allow for the mass spectrometer to be shut off 
via a solvent delay late in the run to protect the detector. 4,5 
 
Solution Preparation 
  
 Solutions were prepared by adding a varying amount of solvent and pure ethanol to 
a fixed volume of gasoline sample to yield an end volume of one milliliter.  Specific 
concentrations are listed in Tables 1-3 below.  A labeling scheme of these solutions then 
developed where Sample one was used to refer to E10 gasoline, and sample two E85 
gasoline. Six runs, one with no standard addition and five with the EtOH standard additions 
were made.   
 

Table 1: E10 gasoline samples solution preparation with 100 μL 
gasoline samples.  Final volumes equal one milliliter. 

 
 
 
 
 
 
 

 
Table 2: E85 gasoline sample solution preparation with 50 μL gasoline 
samples. 

 
 
 
 
 
 
 
 

Table 3: E85 Gasoline Sample Solution Preparation with 25 μL Gasoline 
samples. 

 
 
 
 
 
 
 

 
E10 Gas μL ETOH Spike μL 1-Chlorohexadecane μL 

Run 1 100 0 900 
Run 2 100 10 890 
Run 3 100 20 880 
Run 4 100 30 870 
Run 5 100 40 860 
Run 6 100 50 850 

 
E85 Gas μL ETOH Spike μL 1-Chlorohexadecane μL 

Run 1 50 0 950 
Run 2 50 10 940 
Run 3 50 20 930 
Run 4 50 30 920 
Run 5 50 40 910 
Run 6 50 50 900 

 
E85 Gas μL ETOH Spike μL 1-Chlorohexadecane μL 

Run 1 25 0 975 
Run 2 25 10 965 
Run 3 25 20 955 
Run 4 25 30 945 
Run 5 25 40 935 
Run 6 25 50 925 
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Three replicates of each sample were prepared, and for convince were labeled as 
tests one through three.  Fifty-four test samples were prepared, and exact ion count from 
the GC-MS software was used to only integrate the mass to charge (m/z) ratios of 31 
(EtOH) and 91 (toluene) after the total ion current was discerned by the GC-MS.  Three 
samples were rerun using selective ion monitoring using the same m/z ratios in order to 
assay for a different result from the exact ion count method.   
 
GC-MS Set-Up 
 
 This experiment used an injector oven gas chromatographer with a He mobile 
phase.  The GC was equipped with an autosampler.  The GC column used was a 5% phenyl-
polydimethylsiloxane column (0.25-μm stationary phase thickness) that is 30 m in length 
with a 0.25 mm diameter. The column temperature was set at 38°C for one minute, then it 
ramped from 38-60°C at 2°C/min, then it ramped from 60-200°C at 70°C/min, after which 
it remained at 200°C for six minutes.  The injector temp was 250°C. A split ratio of 10:1 was 
used with Cl2CH2 as the solvent. Two solvent delays were utilized, one at 0-0.5 minutes to 
avoid a high concentration of volatiles from gasoline and air in the column, and another at 
17.5-21.9 minutes to avoid the 1-chlorohexadecane solvent.  After cooling, the total run 
time per sample was approximately one hour. 
 
Results and discussion 
 
 Below, Figures 1 and 2 show two chromatographs of E10 and E85 gasoline which 
had no EtOH internal standard added.  It can be seen by juxtaposition that the E10 gasoline 
contains a wider diversity of chemical species, represented by the greater number of peaks 
on the chromatograph. On average, the retention times were 0.998 minutes for EtOH, and 
2.921 min toluene.     
 

 
Figure 1: Chromatograph of 10% E10 and 90% 1-chlorohexadecane mixture. 
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Figure 2: Chromatograph of 5% E85 and 95% 1-chlorohexadecane mixture. 

 
 Discernment of specific peaks became an early concern due to the sheer number of 
compounds present in gasoline. Peak resolution was low due to an overlap between EtOH 
and 2-methyl, butane shown in Figure 3. 
 

 
Figure 3: Magnified EtOH and toluene peaks of gasoline and solvent samples. 

 Since EtOH has a distinguishing peak at 31 m/z and 2-methylbutane has no 31 m/z 
peak, exact ion count was used to discern the area composition due to EtOH. The 
differences in these species can be seen in Figure 4, the top mass spectrum of which is of 
EtOH and 4-methylbutane at a conjoining retention time. The two bottom mass spectra in 
Figure 4 are the library spectra from the GC-MS software of the respective molecules.  It 
can be seen that 4-methyl, butane is absent of a 31 m/z peak. 
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Figure 4: Top: Mass spectrum of EtOH/2-Methyl, Butane spectra when they elute at similar 
retention times.  Bottom Left: EtOH mass spectrum from software library. 31 m/z peak is 
highlighted. Bottom Right: 2-Methyl, Butane mass spectrum from software library.   

 
 The results from the first test of samples made from E10 gasoline are shown in 
Table 4.   This analysis was carried out for all sample and test combinations. 
 
 
Table 4: Calculation examples from acquired gasoline data from Sample 1 Test 1. 

Run Details  
(Sample 1: E10) 
(Sample 2: E85) 

  Peak # R.T. (Min) 
Exact Ion 
Corr. Area 

ETOH Spike 
μL  

ETOH/Toluene 
Ratio 

Sample 1 Test 1 Run 1 
ETOH 3 0.992 9698098 

0 0.061061127 
Toluene 41 2.921 158826057 

Sample 1 Test 1 Run 2 
ETOH 3 0.991 13904737 

10 0.114169105 
Toluene 37 2.905 121790716 

Sample 1 Test 1 Run 3 
ETOH 3 0.991 12206701 

20 0.086418545 
Toluene 38 2.893 141250944 

Sample 1 Test 1 Run 4 
ETOH 3 0.997 14458263 

30 0.097901346 
Toluene 39 2.915 147681964 

Sample 1 Test 1 Run 5 
ETOH 3 0.998 15710333 

40 0.110832791 
Toluene 39 2.921 141748059 

Sample 1 Test 1 Run 6 
ETOH 3 1.001 16472145 

50 0.119350191 
Toluene 40 2.921 138015238 
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  The exact ion corrected area of EtOH was divided by the general corrected area of 
toluene to give the EtOH/Toluene ratio which is the application of the internal standard. 
This ratio was graphed for all test and sample combinations to yield a standard addition 
plot, of which Figure 5 is a representative example. 
 

 
Figure 5.  Standard Addition Plot of Sample 1 Test 1, with the outlier of 10 μL EtOH addition 
being excluded. 

The results from these standard addition plots are summarized in Tables 5 (E10) 
and 6 (E85).  These values come from dividing the x-intercept of the line of best fit from the 
standard addition plots to the gasoline sample size. 

Table 5. Results of the EtOH content in E10 gasoline.                                   

 
Percent ETOH in E10 R2 Values of standard addition plot 

Sample 1 Test 1 57.57% 0.9966 
Sample 1 Test 2 64.49% 0.9917 
Sample 1 Test 3 60.54% 0.9934 

Table 6. Results of the EtOH content in E85 gasoline. 

 
Percent ETOH in E85 R2 Values of standard addition plot 

Sample 2 Test 1 239.80% 0.6983 
Sample 2 Test 2 187.02% 0.9647 
Sample 2 Test 3 389.58% 0.6859 
Sample 2 Test 4 506.16% 0.7410 
Sample 2 Test 5 647.24% 0.8770 
Sample 2 Test 6 389.96% 0.9745 

 
 It is apparent that these results are too high. The E85 tests yield results that 
suggested a higher volume of ethanol in the original sample than the volume of gasoline 

y = 0.0012x + 0.062
R² = 0.9966
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originally tested. The E10 gasoline yielded results that are six times the legal limit of 
ethanol allowed at 10%.1 
 Review of the E10 samples shows that all of the R2 values are greater than 0.99, 
which suggests that the problem here does not stem from human or pipetting error in 
creating the samples. At the moment, the most probable explanation is a GC-MS systemic 
error of some type.  The values were so far off of the expected values, and varied to such a 
degree, that statistical error calculations were not even attempted as the data is obviously 
fundamentally flawed.  
 The next steps in this research should be aimed at the identification of the source of 
the systematic error seen here. To do this, samples of EtOH with toluene should be created 
to see if the calibration plot has a zero intercept.  
 
Conclusions 
 
 This study’s results can be discarded as inaccurate. One should note that, however, 
the standard addition plots are linear.  There seems to be systematic error occurring here 
that may begin with the equipment, software, or materials being used.  One possible 
explanation may be that while the plots are linear, the slopes are not steep enough.  This 
could be due to either a failure of equipment or in the software that integrates the peaks for 
the software.  Manual integration of peaks, as well as pure EtOH samples without gasoline 
and with an added toluene internal standard should be run by the same method.  The result 
of such a run could be used to assay for the systematic error present here and possibly be 
used to find a correction to the results of this experiment.  
 The ease in preparation of this procedure and its highly linear result make this 
procedure seem like a viable option for determining the amount of ethanol in gasoline via 
GC-MS. Future research should attempt to first recalibrate all equipment and software as 
discussed above or use different equipment entirely.  After these measures have been 
taken, other parameters that may be adjusted for a better quantification may be the 
beginning volume of gasoline and the amount of pure ethanol added in the standard 
addition. Both of these likely could be lowered to avoid approaching the upper limit of 
quantification and this may or may not result in a more accurate result.  Also starting with a 
lower starting temperature (which was time prohibitive in this study due to cooling) may 
help ethanol separate from near volatiles and improve accuracy in the mass-spectrometer 
reading due to lower quantities of ions hitting the detector at any given time. In 
summation, the development of this procedure, though presently inaccurate, likely due to 
systematic error, looks to be a promising groundwork of which to base the quantification of 
ethanol in gasoline by GC-MS for the undergraduate analytical student. 
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