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13.1: Alkenes and Alkynes

&b Learning Objectives

o Identify the difference between saturated and unsaturated hydrocarbons.
e Describe the functional groups, alkenes and alkynes.

As noted before, alkenes are hydrocarbons with carbon-to-carbon double bonds (R;C=CRj) and alkynes are hydrocarbons with

carbon-to-carbon triple bonds (R-C=C-R). Collectively, they are called unsaturated hydrocarbons because they have fewer
hydrogen atoms than does an alkane with the same number of carbon atoms, as is indicated in the following general formulas:
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You have likely heard of unsaturated fats. These are complex organic molecules with long chains of carbon atoms, which contain
at least one double bond between carbon atoms. Double and triple bonds give rise to a different geometry around the carbon atom
that participates in them, leading to important differences in molecular shape and properties. The differing geometries are
responsible for the different properties of unsaturated versus saturated fats.

Alkenes

Ethene, CyHy, is the simplest alkene. Each carbon atom in ethene, commonly called ethylene, has a trigonal planar structure. The
second member of the series is propene (propylene) (Figure 13.1.1); the butene isomers follow in the series. Four carbon atoms in
the chain of butene allows for the formation of isomers based on the position of the double bond, as well as a new form of

isomerism.
H H
H H
H a H (l: T H \c/ c|:
= Z
c=c NP NG —H N TN TN,
/ I /N
H H H H H H H
2 )
J _,l
J
J J >
J d J
ethene propene 1-butene

Figure 13.1.6: Expanded structures, ball-and-stick structures, and space-filling models for the alkenes ethene, propene, and 1-
butene are shown.
Ethylene (the common industrial name for ethene) is a basic raw material in the production of polyethylene and other important
compounds. Over 135 million tons of ethylene were produced worldwide in 2010 for use in the polymer, petrochemical, and plastic
industries. Ethylene is produced industrially in a process called cracking, in which the long hydrocarbon chains in a petroleum
mixture are broken into smaller molecules.

Alkynes

Hydrocarbon molecules with one or more triple bonds are called alkynes; they make up another series of unsaturated
hydrocarbons. Two carbon atoms joined by a triple bond have bond angles of 180°, giving these types of bonds a linear shape.

The simplest member of the alkyne series is ethyne, C,H,, commonly called acetylene. The Lewis structure for ethyne, a linear
molecule, is:
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H—C=C—H

ethyne (acetylene)

Acetylene is used in oxyacetylene torches for cutting and welding metals. The flame from such a torch can be very hot. Most

acetylene, however, is converted to chemical intermediates that are used to make vinyl and acrylic plastics, fibers, resins, and a
variety of other products.

Alkynes are similar to alkenes in both physical and chemical properties. For example, alkynes undergo many of the typical addition

reactions of alkenes. The International Union of Pure and Applied Chemistry (IUPAC) names for alkynes parallel those of alkenes,
except that the family ending is -yne rather than -ene.
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