
Carbon Compounds in the Atmosphere
Carbon-containing compounds are minor constituents of the atmosphere by concentration but they are 
very important to the human environment. Methane is a powerful greenhouse gas produced by bacteria in 
soil and the bacteria inside humans and other animals. Other hydrocarbons are constantly released by 
plants and decaying biomass. All of these hydrocarbons are ultimately converted to carbon dioxide and 
water in the troposphere, that layer of the atmosphere closest to Earth. Ozone and other oxygen species 
are important in hydrocarbon oxidation.

Some man-made carbon compounds, chlorofluorocarbons, are not oxidized in the troposphere. These 
compounds migrate to the stratosphere where they break down and their components react with ozone. 
These compounds are responsible for the ozone hole that develops over the Antarctic in the spring. 
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Hydrocarbons

Carbon Compounds in the Atmosphere
Let's look at the molecules in the atmosphere. 

Most of the molecules are either N2, at 78% of the atmospheric gases, or O2, at 21% of the atmospheric 
gases. All of the others are in small concentrations. These include the carbon oxides, hydrocarbons, and 
halocarbons (molecules with carbon bonded to F, Cl, Br, or I).

Hydrocarbons
Hydrocarbons are made up of only carbon and hydrogen atoms. The most common is also the smallest, 
methane. That and other common hydrocarbons are listed below. (Note that a wedge is coming out and a 
dashed line goes back. This helps to indicate the three dimensional structure of the molecules.)
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Methane is the primary constituent of natural gas and it is released into the atmosphere from crude oil 
production and some industrial activities. More of it is released from biological processes. Soil bacteria 
and bacteria in the guts of termites and ruminants, like cows produce, produce methane. Other mammals 
(including humans) produce smaller amounts.

Small amount of methane migrate from the troposphere (layer of atmosphere closest to Earth) to the 
troposphere but most methane and all of the other hydrocarbon molecules react with HO and O2. After a 
series of reactions, all hydrocarbons are converted to carbon dioxide and water.
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Types of Hydrocarbons
Hydrocarbons that have 4 bonds to every carbon atom are called alkanes. These are the least reactive of 
the hydrocarbons.

Hydrocarbons that have a double bond between two carbon atoms are called alkenes. These are more 
reactive than alkanes. Electron-poor molecules react at the pi bond of alkenes.
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Hydrocarbons that have a triple bond between two carbon atoms are called 
alkynes. These are the most reactive. Electron-poor molecules react at the pi 
bond of alkynes.

The hybrid orbital model of bonding is a simple and useful way to describe the 
bonding in hydrocarbons. What orbitals are involved in the bonding between 
carbon atoms and between carbon and hydrogen atoms in propene?

Hydrocarbon Oxidation

Hydroxyl Radical
We know that ozone is photolyzed by light with a wavelength of 330 nm or less to make oxygen molecule 
and oxygen atom. Nitrogen oxides also produce oxygen atom upon photolysis. 

In the stratosphere, oxygen atom most often reacts with molecular oxygen to regenerate ozone. The 
troposphere, unlike the stratosphere, contains considerable concentrations of water vapor and water reacts 
faster with O than does O2.

The product, OH, is a very reactive molecule. In the daytime when photolysis is possible, it is always 
present in a very small but constant concentration in air. Draw the Lewis structure. Does this tell you why 
it is so reactive? 

Oxidation of Hydrocarbon
Hydrocarbons are released continually from living things or through the decomposition of living things 
on Earth. Only methane has a high enough concentration to be listed in the chart of molecules in the 
atmosphere. Why is that?
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All hydrocarbons react in air to form carbon monoxide and then carbon dioxide through a series of 
reactions. The first step is always the reaction between the hydrocarbon and hydroxyl radical. With 
alkanes, the hydroxyl radical abstracts a hydrogen atom and forms a carbon-centered radical. 

Because an O-H bond is stronger than a C-H, this step is exothermic. 

With alkenes and alkynes, the electron-deficient hydroxyl radical adds to the multiple bond. 

The carbon-centered radical then reacts with molecular oxygen. There are many steps after this that, 
ultimately, gives carbon dioxide and water. 
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Enthalpy of Combustion
The reactions that produce carbon and dioxide and water from hydrocarbons in the atmosphere release the 
same amount of energy as the combustion of those hydrocarbons. We can measure the enthalpy of 
combustion by burning the hydrocarbons in a calorimeter. This enthalpy can also be calculated using ΔHf 
values.

Let's consider the combustion (or air oxidation) of ethane. How much heat is released by transforming 1 
mol of ethane to carbon dioxide and water? The first step is to show the balanced equation for the reaction 
of 1 equivalent of ethane.

CH3CH3 + 3.5 O2 → 2 CO2 + 3 H2O

Next we consult a table of enthalpy of formation values.

Using those values, we compute the enthalpy of the reaction. Because the enthalpy is a thermodynamic 
state function, it doesn't depend on the pathway. The combustion of ethane in a boiler and the air 
oxidation of ethane must release the same amount of energy because they reactions start from the same 
molecules and finish with the same molecules.
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How much energy is released when ethyne is oxidized to CO2?

Chlorofluorocarbons and Ozone

Substituted Hydrocarbons
Chloromethane, CH3Cl, is produced by marine organisms and released into the atmosphere. Because it 
has C-H bonds, it reacts with HO and O2 like hydrocarbons do.

Chlorofluorocarbons are unreactive towards oxidation
Because of their oxidation reactions, hydrocarbons have a limited lifetime in the troposphere and don't 
migrate to the stratosphere. Carbon-containing molecules without C-H bonds can't react with hydroxyl 
radical. These molecules have a much longer lifetime in the troposphere and can migrate to the 
stratosphere.

	
 X3C-H + OH → X3C + H2O	
 	
 	
 ΔH is negative; low activation barrier

	
 X3C-F + OH → X3C + HOF	
 	
 	
 ΔH is positive; high activation barrier

	
 X3C-Cl + OH → X3C + HOCl	
 	
 	
 ΔH is positive; high activation barrier

Applications of CFCs
Because chlorofluorocarbons don't react in oxidation reactions, they are not flammable. CFCs were 
developed during the 1920s as replacements for more toxic refrigerants such as NH3, CH3Cl, and SO2. 
Dichlorodifluoromethane (CFC-12) is a non-flammable and unreactive gas that makes a good refrigerant. 
It is also called Freon-12.
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Other applications for CFCs include:
• fire retardant
• blowing agent for plastics (polystyrene foam)
• cleaning solvent for electronics
• propellant in spray cans

CFC-11 or CCl3F is an even better refrigerant than CFC-12 because it has a higher boiling point. 
However, it also has the greatest percentage of chlorine and has the greatest ozone depletion potential. 
One estimate is that every chlorine atom in the stratosphere destroys 100,000 ozone atoms before the 
chlorine is converted to an unreactive form. Chlorofluorocarbons trap more heat in the atmosphere per 
molecule than other substances. The global warming potential of CFC-11 is 4600 times that of CO2!

Bromofluorocarbons are called Halons. These are particularly useful in fire extinguishers. The lifetime in 
the troposphere and the effect on the ozone layer are similar for chlorofluorocarbons and 
bromofluorocarbons.

Reactions with Ozone
When chlorofluorocarbons migrate to the stratosphere they are photolyzed. Higher energy UV radiation in 
the stratosphere breaks C-Cl bonds and chlorine atoms are formed. Chlorine atoms, and other radical 
species, react catalytically with ozone to convert it to molecular oxygen. One atom of chlorine can destroy 
many ozone molecules.

In the next section, we'll cover the reactions that result in decreases of stratospheric ozone and the annual 
formation of an ozone hole above the arctic. Both energy and rate are important in these reactions.
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