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Thomas A. Boyd and the Delco-Light engine



KNOCKING



TETRAETHYL LEAD





TEL stops knock at 1 part per thousand

Ethanol requires 10%









Tetraethyl lead alone formed problematic deposits in 
engines. Midgley’s solution was to add organohalides to 
purposely form volatile lead compounds. Halogenated 
organics, like 1,2-dibromoethane and 1,2-dichloroethane, 
became part of  the additive package. Lead would be 
swept out of  the engine, out of  the tailpipe. Midgley 
compounded the bad idea of  placing lead into gasoline by 
ensuring it would be dispersed into the atmosphere. He 
clearly knew of  the chronic impacts of  lead but must 
have believed “the solution to pollution is dilution.”



1923 Nichols Medal given by ACS for original research in chemistry.  Others 
Jackie Barton, Harry Gray, Barry Sharpless, Carolyn Bertozzi, Barry Trost, 
Tobin Marks, Chad Mirkin



Oct 1924:  32 of 49 workers at the Bayway Standard Oil Refinery TEL plant 
impacted.  6 died and the rest were hospitalized. They became disoriented, 
then burst into insane fury and collapsed into hysterical laughter. Some of 
the workers started getting lost on the familiar plant grounds, had trouble 
even remembering their friends.  2 died at at DuPont plant in Dayton, OH.
TEL shutdown for about a year until federal government intervened. 











As Midgley conducted his research, gasoline demand was 
around 460 million gallons per year. Peak leaded gas use in 
the U.S. occurred in 1970, placing 250,000 metric tons of  
lead into the environment while burning 90 billion gallons 
of  gasoline. Cumulative leaded automotive gasoline use is 
estimated at 76 trillion gallons — releasing 8 million metric 
tons of  lead into the environment.





Economists hypothesize that regulation of leaded gasoline and lead paint in the 1970s caused crime rates to drop in the U.S. about 20 years later. SOURCES: Rick Nevin, FBI 
Uniform Crime Reporting Statistics 

some





Effective January 1, 1996, leaded gasoline was banned 
by the Clean Air Act for use in new vehicles other than 
aircraft, racing cars, farm equipment, and marine 
engines.

The UN announced Algeria used the last of  its 
automotive leaded gasoline stockpile on August 30, 2021.



TYPES OF CONSEQUENCES

• Unintended Consequences
• Unanticipated Consequences
• Unexpected Consequences

What have we learned?
Certainly unintended, likely both anticipated and expected. But we haven’t learned. PFAS, antibiotics in 
farm animals, impact of Round-Up in agriculture, neonicotinoids impacting bees.





The FDA will continued to allow lead acetate in haircare 
products until January 2022, but will not enforce the ban 
until 2023. Efforts to stop this use in 2018 resulted in 
objections and a public hearing request. Lead is found in 
more than 60% of  lipsticks on the market. Lead is even 
found in dyes used for cake decorating.  Recent reports 
of  elevated lead in dark chocolate.







Methylcyclopentadienyl manganese tricarbonyl (MMT) is 
a gasoline octane enhancer produced by the Afton 
Chemical Corporation, formerly known as the Ethyl 
Corporation. MMT is allowed in U.S. gasoline at a level 
equivalent to 1/32 grams per gallon manganese around 
11 ppm
Mn fumes damage the lungs, liver, and kidneys. 
Exposure to manganese dust or fumes can also lead to 
a neurological condition called manganism. 
Manganism’s symptoms, similar to those of  Parkinson’s 
disease, may include the following: trembling, stiffness, 
slow motor movement and potentially severe 
depression, anxiety and hostility.
54-year-old man who developed seizures and altered 
mental status after drinking 12 oz. of  MMT-containing 
NOS Octane Booster Racing Formula.  Intubated but 
lived.













3 most important refrigerants for home use were ammonia, sulfur dioxide, 
and methyl chloride. Methyl chloride is the least poisonous; however, the 
others are so malodorous and irritating that “no one is likely to breathe 
much of them if escape is possible.” 

Dow was involved in cooperative research with The Bureau of Mines to 
investigate exposure to methyl and ethyl bromide and methyl chloride, to 
mix the more toxic but fire-retarding bromides with the less toxic but more 
flammable chlorides to produce a refrigerant safe for homes, public 
buildings, and mines.





Midgley at 1940 (?) ACS National Meeting inhaled CFC-12 
and used it to blow out a candle.  
Contracted polio in 1940 at age 51.





Gibbs, Nichols, Perkin and Priestly medals, some of the highest honors in 
chemistry. Elected to the National Academy. He was president of the 
American Chemical Society and a long-time board member. He was a vice 
president at Ethyl Corp.  Honorary doctorates at Ohio State and the College 
of Wooster.  National Inventors Hall of Fame.  Engineer’s Club of Dayton 
Innovators List.  At time of his death in 1944, he was arguably the most 
celebrated industrial chemist ever.  He still is likely the most celebrated 
industrial chemist of all time.



d[O3]
dt = k2[O][O2][M] - k3[O3] - k4[O][O3]

1930 Sydney Chapman resolved the chemistry and kinetics involved in stratospheric 
ozone.  Same year Midgley discovered dichlorodifluoromethane.

1972 set the ball rolling.  James Lovecock’s invention of the electron capture 
detector showed levels of CFC-12 ~ the total amount produced.  1973 Molina used 
known kinetics.  Nature, 28 June 1974 "Stratospheric sink for 
chlorofluoromethanes: chlorine atom-catalysed destruction of ozone" by Mario 
Molina & Sherwood Rowland . k6 100,000X k4

d[O3]
dt = k2[O][O2][M] - k3[O3] - k4[O][O3] - k6[Cl][O3]





TYPES OF CONSEQUENCES

• Unintended Consequences
• Unanticipated Consequences
• Unexpected Consequences

What have we learned?
Chlorofluorocarbons were all of these. But we haven’t learned. PFAS falls into the same bucket. We really 
didn’t see the issues coming. Asbestos, naturally occurring as it is, is something we didn’t see coming.





When you think of the world's most dangerous person, who do you think of? 
Genghis Khan? Stalin? Hitler?! Try a gas-huffing, pseudo-chemist that gave an 
entire generation lead poisoning and singlehandedly melted a hole in the 
atmosphere. Midgley created an ecological Frankenstein's monster

Roast Mortem Cast 



He died in 1944, certainly killed by a device he designed and made to allow 
getting out of bed unassisted.  The original death certificate listed the death 
as a suicide.  Observers of the scene declared it no accident.  Yet, today it 
is widely reported as an accidental death.  



Look no further than U 
catalysts.  Still being 
investigated for things 
including polyolefin 
polymerization.  
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