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Abstract

● Ethanol is strongly supported by the public and government alike

● What is octane?

● Why ethanol is harmful for automobiles

● Questions and Hypothesis

● Methods

● Results

● Discussion

● Conclusion

● Further Work



What is Octane?

● The antiknock performance of gasoline

● Premature combustions of fuel in the engine

● Both a measurement and a family of hydrocarbons

● Gasoline is compared to isooctane

● Tested in engine with variable compression ratio

Brudzewski, K., Kesik, A., Kołodziejczyk, K., Zborowska, U., Ulaczyk, J., Gasoline quality prediction using gas chromatography and FTIR spectroscopy: An artificial intelligence approach, Fuel, Volume 85, Issue 4, March 2006, Pages 553-558, ISSN 0016-2361, 
http://dx.doi.org/10.1016/j.fuel.2005.07.019.
Norhasyimi R., Ahmad A., & Mohamed A. (2012) Recent progress on innovative and potential technologies for glycerol transformation into fuel additives: A critical review, Renewable and Sustainable Energy Reviews, Volume 14, Issue 3,  Pages 987-1000, ISSN 1364-0321, 
http://dx.doi.org/10.1016/j.rser.2009.11.010.

Isooctane (top) has octane of 100
n-Heptane (bottom) has octane of 0



Problem

● Growing use of ethanol in consumer fuels

● Government and public are strongly supporting ethanol

○ Clean burning

○ Affordable

○ Large supply

● 10 percent limit of ethanol in gasoline

● Ethanol can cause harm to engine components

○ Fuel tank

○ Fuel lines

○ Fuel injectors/carburetor 

Advanced Fuel Solutions. (2014). Retrieved December 18, 2016, from http://yourfuelsolution.com/2014/11/why-fuel-injectors-go-bad-poor-fuel-quality/ 
Helping Our World Work Better. (1970). Retrieved December 17, 2016, from https://www.astm.org/Advanced Fuel Solutions (2014). Retrieved December 18, 2016, from http://yourfuelsolution.com/2014/11/why-fuel-injectors-go-bad-poor-fuel-quality/
Huang, Y., & Hong, G. (2016). Investigation of the effect of heated ethanol fuel on combustion and emissions of an ethanol direct injection plus gasoline port injection (EDI + GPI) engine. Energy Conversion & Management, 123338-347. doi:10.1016/j.enconman.2016.06.047
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Why is Ethanol Harmful?

● Promotes the growth of Acetobacter aceti

○ Thrives in ethanol environments

○ Excretes acetic acid

● Extremely Hydrophilic

○ Makes fuel easily attract water

● Economic Implications

○ More corn fields are prioritized for ethanol production corn

○ Edible corn prices would rise by government intervention

○ Government adjusts prices similar to Great Depression

Barron, J. M. (2000). A theory of quality-related differences in retail margins: Why there is a “premium” on premium gasoline. Economic Inquiry, 38(4), 550.
Williamson, C., Jain, L., Mishra, B., Olson, D., & Spear, J. (2015). Microbially influenced corrosion communities associated with fuel-grade ethanol environments. Applied Microbiology & Biotechnology, 99(16), 6945-6957. doi:10.1007/s00253-015-6729-4

Structure of ethanol



Research Questions

● Which brand of gasoline has the lowest ethanol content?

● Does the advertising and price of the fuel correlate with the ethanol content?

Shell Fuels | Shell United States. (n.d.). Retrieved October 1, 2016, from http://www.shell.us/motorist/shell-fuels.html
Synergy Gasoline: Helps Improve Fuel Economy & Engine. (n.d.). Retrieved October 1, 2016, from http://synergy.exxon.com/ 
Techron. (n.d.). Retrieved October 1, 2016, from http://www.techron.com/



Hypothesis

There will be minimal differences in ethanol content between the larger 

companies that advertise their gasoline more, being Exxon-Mobil, Shell, 

and Chevron. Brands that emphasize price more than quality, such as 

Costco and Arco, will likely contain more ethanol than the others.



Null Hypothesis

If the ethanol content is extremely similar between the brands, then 

the little deviation will be nearly negligible. The only factors that 

can affect the corrosion would be other additives, which would be 

tested in further work.   



Materials

● Computer with Excel
● Megacalc Data Analyzer
● UV Spectrophotometer
● Square 3 mL Cuvettes 
● Cuvette stand
● 5x 1.5 mL Gas Samples
● Fireproof Case
● Vortex Mixer
● P1000 Micropipette
● P20 Micropipette
● P1000 Micropipette Tips 
● P20 Micropipette Tips

● Hydrocarbon Separator 
● Latex Gloves
● Parafilm
● Fume hood
● 1000 ml flask
● 500 ml beaker
● Ethanol Quantification Kit:

○ 9pH buffer
○ NAD+
○ Aldehyde dehydrogenase
○ Alcohol dehydrogenase
○ Ethanol standard



Methods (Overview)

Collect samples

Extract ethanol from gasoline

Preparing cuvettes

UV Spectrophotometer procedure

Data analysis



Sample Collection

● Same day 

● Same area

● Glass containers

● Fireproof box

● 1.5 mL each



Ethanol Extraction

● Pipette 0.5 mL of gasoline into 1000 mL capped flask

● Pour over 499.5 mL of deionized water

● Mix thoroughly by hand

● Pour contents into hydrocarbon separator

● Pipette 0.1 mL of extracted solution into cuvette



Cuvette Preparation

1) Add 2 mL of deionized water to cuvette (2.10 mL for blank)

2) Add 0.1 mL of sample (none for blank)

3) Add 0.20 mL of solution 1 (9 pH buffer)

4) Add 0.20 mL of solution 2 (NAD+)

5) Add 0.05 mL of solution 3 (Aldehyde dehydrogenase) then take reading

6) Add 0.02 mL of  suspension 4 (Alcohol dehydrogenase) 



Absorbance Readings

1) Take absorbance two minutes after adding Aldehyde dehydrogenase

2) Take absorbance five minutes after adding Alcohol dehydrogenase

3) Take creep calculation absorbances

a) 6 minutes

b) 8 minutes

c) 10 minutes



Data Calculations

● V = final volume [mL] 

● MW = molecular weight of ethanol [g/mol] 5 

● ε = extinction coefficient of NADH at 340 nm = 6300 [l x mol-1 x cm-1] 

● d = light path [cm] 

● v = sample volume [mL] 

● 2 = 2 moles of NADH produced for each mole of ethanol



Data Calculations

● Equation embedded into excel spreadsheet

● Creep calculation

○ Take all absorbances past 5 minutes

○ Extrapolate to y-axis in excel for zero point







Results

● Two tests

○ First test failed

○ Second test was accurate and had little variance

● All brands had near 10 percent ethanol w/v

● Least to greatest percent:

○ Exxon-Mobil

○ Shell

○ Chevron

○ Costco

○ Arco











Discussion

● Significant experimental error in first test

○ Ethanol evaporation

○ Liquid handling

○ Reaction timing

● Sources of error were accounted for in second test

● Second test was used for results

● Little standard and percent deviation

● Small p values in t test



Discussion

● Problems encountered:

○ Gasoline storage and transportation

○ Experimental error

○ Time allotted 

● Hypothesis was ultimately supported

● All brands were under ASTM legal limit



Conclusion

● Ethanol content (least to greatest):

○ Exxon-Mobil

○ Shell

○ Chevron

○ Costco

○ Arco

● Brands who advertise fuel quality have least ethanol

● If faced with a choice of what brand of gasoline to purchase, pick quality 

over price to avoid expensive repairs later



Further Work

● Variance among same brand

○ Different locations of same brand

○ Different times at same location

● High Performance Liquid Chromatography

● pH testing
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