Sigma and Pi Bonds

Let’s examine the bonding in three molecules:  ethane, ethylene, and acetylene.  Click on one of the molecules to view an animation of the bonding in that molecule.

First, consider the Lewis structure of ethylene.  Counting the number of VSEPR [V S E P R] pairs of electrons around carbon 1, we find three VSEPR [V S E P R] pairs.  Recall that double and triple bonds are counted as single bonds in the VSEPR [V S E P R] model.  You should also count 3 VSEPR [V S E P R] pairs around Carbon 2.

The VSEPR [V S E P R] model predicts that the geometry about each carbon atom is trigonal planar.  In valence bond theory, 3 sp2 [S P 2] hybrid orbitals have a trigonal planar arrangement.  We can begin to explain the bonding in ethylene if we assume each carbon atom is sp2 [S P 2] hybridized.  Each hybrid orbital will contain 1 valence electron, meaning that for each C [carbon], we have accounted for 3 of its 4 valence electrons.

The bond formed between the two carbon atoms is called a sigma (bond.  A sigma bond is a covalent bond formed by orbitals overlapping end-to-end.  The electron density is concentrated between the nuclei of the bonding atoms.  In this sigma bond, 2 electrons are shared between the carbon nuclei.

When we add the hydrogens, the remaining two sp2 [S P 2] hybrid orbitals on each carbon form sigma bonds by overlapping the hydrogen ls [one S] orbitals.  Two electrons are shared in each sigma bond.

There is still one more bond to explain.  Which orbitals overlap to form the second bond of the carbon-carbon double bond?

Recall that when sp2 [S P 2] hybrids are formed, a Pz [P Z] orbital does not mix to form the hybrids.  Each C [carbon] atom has a 2 Pz [two P Z] orbital, perpendicular to the sp2 [S P 2] hybrids, that contains the fourth valence electron.

The 2 Pz [two P Z] orbitals can overlap in a side – to – side fashion.  This type of covalent bond is called a pi (π) bond.  The electron density is concentrated above and below the plane of the nuclei of the bonding atoms.  In a pi bond, electrons are shared; in other words, the two electrons are free to move through both regions of the bond.

A double bond is composed of one sigma bond and one pi bond.

Lastly, rotation does not occur about a double bond.  For rotation to occur along the carbon-carbon bond, the pi bond would have to be broken.

First, consider the Lewis structure of acetylene.  Counting the number of VSEPR [V S E P R] pairs of electrons around carbon 1, we find two VSEPR [V S E P R] pairs.  Recall that double and triple bonds are counted as single bonds in the VSEPR [V S E P R] model.  You should also count 2 VSEPR [V S E P R] pairs around carbon 2.

The VSEPR [V S E P R] model predicts that the geometry about each carbon atom is linear.  In valence bond theory, 2 sp [S P] hybrid orbitals have a linear arrangement.  We can begin to explain the bonding in acetylene if we assume each carbon atom is sp [S P] hybridized.  Each hybrid orbital will contain one electron, meaning that for each C [carbon], we have accounted for 2 of its 4 valence electrons.

The bond formed between the two carbon atoms is called a sigma (bond.  A sigma bond is a covalent bond formed by orbitals overlapping end – to – end.  The elctron density is concentrated between the nuclei of the bonding atoms.  In this sigma bond, 2 electrons are shared between the carbon nuclei.

When we add the hydrogens, the remaining sp [S P] hybrid orbital on each carbon forms a sigma bond by overlapping with a hydrogen ls [one S] orbital.  Two electrons are shared in each sigma bond.

There are still two more bonds to explain.  Which orbitals overlap to form the second and third bonds of the carbon-carbon triple bond?  Recall that when sp [S P] hybrids are formed, a Pz [P Z] and a Py [P Y] orbital do not mix to form the hybrids.  Each C [carbon] atom has both a 2 Pz [two P Z] and a 2 py [two P Y] orbital that can overlap.  Each P orbital contains one valence electron, accounting for the third and fourth valence electrons for each carbon atom.

Both the 2 Pz [two P Z] orbitals and the 2 Py [two P Y] orbitals can overlap in a side-to-side fashion.  This type of covalent bond is called a pi ( π ) bond.  The electron density is concentrated above and below the plane of the nuclei of the bonding atoms.  In each of the π bonds, two electrons are shared; in other words, the electrons are free to move through both regions of the bond.

A triple bond is composed of one sigma and two pi bonds.  For rotation to occur along the carbon-carbon bond, the pi bonds would have to be broken.

First, consider the Lewis Structure of ethane.  Counting the number of VSEPR [V S E P R] pairs of electrons around Carbon 1, we find four VSEPR [V S E P R] pairs.  

You should also count 4 VSEPR [V S E P R] pairs around Carbon 2.

The VSEPR [V S E P R] model predicts that the geometry about each carbon atom is tetrahedral.  In valence bond theory, 4 sp3 [S P 3] hybrid orbitals have a tetrahedral arrangement.  We can begin to explain the bonding in ethane if we assume each carbon atom is sp3 [S P 3] hybridized.  Each hybrid orbital will contain 1 valence electron, accounting for the 4 valence electrons of each C [carbon] atom.

The bond formed between the two carbon atoms is called a sigma (bond.  A sigma bond is a covalent bond formed by orbitals overlapping end – to – end.  The electron density is concentrated between the nuclei of the bonding atoms.  In this sigma bond, 2 electrons are shared between the carbon nuclei.  

When we add the hydrogens, the remaining three sp3 [S P 3] hybrid orbitals on each carbon form sigma bonds by overlapping with hydrogen ls [one S] orbitals.  Two electrons are shared in each sigma bond.

A single bond is composed of one sigma bond.

Lastly, rotation can occur about a single bond because rotation will not break the carbon – carbon bond.

