EXPERIMENT
12

Dot Sructuresand VSEPR Theory

Objectives
Tolearn how to draw Lewis structures of molecules and ions.
To use VSEPR to predict the shapes of molecules.

To determine whether equivalent Lewis structucalied resonance structures,
are present in molecules.

To determine whether the electron density acraeslacule is distributed evenly (polarity of
molecules).

I ntroduction

This exercise provides procedures to determinstiiueture and shape of molecules. This information
is important because the properties of moleculeslapendent upon their structure. The first step |
determining the structure (Lewis structure) of deunole is to draw a structure accurately showirgg th
location of all valence electrons. From the Lestisicture, you can use a method called valencé shel
electron pair repulsion (VSEPR) theory to prediet shape of a molecule or ion.

In order to use VSEPR, you need to be able to uherthe number of electron groups bonded to the
central atom and the number of atoms bonded togh&al atom. Lastly, after you have determined
the molecule’s shape, you can determine whethetretedensity in the molecule is arranged
symmetrically (a nonpolar molecule) or asymmethcéd polar molecule). In a polar molecule, one
end of the molecule has a partial positive chawge,end has a partial negative charge. The polairity
a molecule has important implications for the prtips of molecules.

Theory of VSEPR

In order to use VSEPR, it is necessary to havexgtated Lewis structure for the molecule. VSEPR is
based on the principle that electron groups in eoube tend to stay as far apart from each other as
possible due to the repulsive forces that existeen like charges (the electrons). An electromgro
could be a lone pair of electrons, a single borhwble bond or a triple bond around the cent@hat
The most probable arrangement of two, three, ardétectron groups around a central atom are given
in the table below. This arrangement allows graopspread out as far as possible.

Table 1. Electron Group Geometries

# of Electron Groups Electron Group Geometry
2 Linear
3 trigonal planar

4 Tetrahedral



As an example, let's consider methane, Clhe Lewis structure for methane is given below:

In this case we can see that there are four efeghmups (4 single bonds) surrounding the carbon
atom, hence the geometric arrangement of the electatbout the carbon atom is tetrahedral.

Ammonia, NH;, is a little more difficult.
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The Lewis structure for ammonia shows that theeef@uir electron groups (3 single bonds and 1 lone
pair of electrons) therefore the electron groupngetoy is also tetrahedral. It should be noted h@wve
that CH, has 4 atoms bonded to the central atom, whilg ditly has 3 atoms bonded to the central
atom. Ammonia therefore they will not have the sahape as CH Molecular shape describes the
arrangement aitoms about the central atom. When determining the oudé shape, you must
consider the electron group geometry and the numitegoms bonded to the central atom. (Lone pairs
are ignored at this point.) The possible combaretiof electron groups and bonded atoms are
summarized below.

Table 2. Electron Group Geometries and Moleculap®s

# of Electron  # of Bonded Electron Group

Groups Atoms Geometry Molecular Shape
2 2 linear linear
3 2 trigonal planar bent (120)
3 3 trigonal planar trigonal planar
4 2 tetrahedral bent (109.5
4 3 tetrahedral trigonal pyramidal
4 4 tetrahedral tetrahedral

Using Table 2, we can predict that £ias a tetrahedral molecular shape while; N&s a trigonal
pyramidal molecular shape.

After the geometries have been assigned to a melesa decide if there is more than one correct
structure for it. These correct structures arledalesonance structures. Lastly, we can use the
molecular shape to determine if electron densigvenly distributed across the molecule. If etactr
density is unevenly distributed across the moledhke molecule is said to be polar. A moleculehvait
uniform charge distribution is nonpolar. But fiystu must learn how to draw Lewis dot structures...



Procedure
A. Drawing Lewisstructures. This procedure will be illustrated using £&85 an example.

1. Determine the total number of valence electioriie molecule. The number of valence electrons
from an atom can be calculated by its locatiorhaperiodic table. So, in this case, S and O atle b
in group VIA, so each atom contributes 6 electrodsnce the total number of valence electrons in
SO is 18 (3 atoms 6 valence electrons).

For ions, it is necessary to add or subtract elastdepending on the charge of the ion. For a&nion
the magnitude of the charge should be added at@udivalence electrons. For example, for QH
the total number of valence electrons is eight: freim oxygen, one from hydrogen, and 1 for the
negative charge (6 + 1 + 1 =8). For cationsntlagnitude of the charge shoulddobtracted from
the number of valence electrons. ForNtbe total number of electrons is 10 (5 for nigoglus 6
for oxygen, and subtract one for the charge).

2. Determine which atom is the central atom andekapair of electrons between it and the other
atoms. Generally, look for the atom that therenily one of in the formula. In SOthere is only 1
sulfur atom (and 2 oxygen atoms) therefore suuhe central atom. Knowing this, we can
construct the following crude sketch:

0—s—o

3. Subtract the number of electrons used to cortheatoms from the total number of valence
electrons. Remember each single bond is compds2eélectrons. For S018 electrons (total) - 4
electrons (from the two bonds in step 1) = 14 etexs left over. Therefore we have 14 electrorts lef
to place around the molecule.

4. Add the appropriate number of electrons arowwth @tom. Hydrogen requires 2 electrons, boron
requires 6 electrons, and all other elements requglectrons. Start by placing electrons on the
outer atoms to give them a compete octet. If netgetrons are available, place them on the central
atom. If the central atom lacks an octet, formtipld bonds with outer atoms (see below).

In our example, S and O both require 8 electr@w first we put 6 electrons around one oxygen
(which gives it 8 including the two in the bond)daanother 6 electrons around the other oxygen. At
this point our structure will look like this:

Now we have only two electrons left to place aroth@S atom. The question is, do we have enough
electrons? If we place the two electrons aroued3tatom, sulfur will have only 6 electrons (asvamo
in the following structure), and we need 8.

We need to use the electrons more efficiently bgintaone of the lone pairs on an O atom a double
bond. If we move a lone pair to make a double barget the following structure.

O— S=O

This is the completed Lewis structure for St@cause all of the atoms are surrounded by eight
electrons (octet rule!). Note that this is not timéy possible Lewis dot structure for this molecul
There are otharesonance structures (see below).



B. Procedureto Determinethe Electron Group and Molecular Shapes of a Molecule. The

electron group geometry can be determined by cognilie number of groups of electrons (atoms +
lone pairs) around the central atom and then lapkimthe appropriate geometry in Table 1. In the
case of S@ we count three groups from the Lewis structurat{#ns + 1 lone pair). From Table 1, the
electron group geometry is trigonal planar.

The molecular shape can be determined by courttmmgamber of atoms bonded to the central atom,
and using the number of electron groups determahede to select the appropriate geometry from
Table 2. S@has two bonded atoms and three electron paif&lsle 2 indicates that the molecular
shape is bent.

C. Resonance Sructures. Some molecules have more than one correct Lémistare. These are
called resonance structures. In order for a médetuhave resonance structures, it must haveat le
one multiple bond. Molecules with only single beradnnot have resonance structures.

In the case of S§the molecule has been drawn above with the ddadnie to the oxygen to the right
of the sulfur. However, it could have also beesndr between the sulfur and the oxygen on thedstft,
shown below. These are resonance structures far[3fferent resonance structures of a molecule
always have all the atoms in the same positiortsthguelectrons are rearranged.

D. Polarity of aMolecule. The last piece of information to be obtained adl@omolecule concerns the
distribution of electron density and charges arotimedmolecule. A molecule with a uniform
distribution of electron density is nonpolar; ameeavith an asymmetrical distribution is polar. A
molecule is nonpolar only if it has no lone pagatons about the central atom atldgroups attached
to the central atom are identical (both conditionsst be met to be nonpolar). Another way to state
this is if the electron group and molecular shagesthe same and the atoms attached to the central
atom are identical, then the molecule is nonpolar.

In the case of S§the Lewis structure shows us that the molecupmiar because the sulfur atom has
a lone pair.

Adapted from VSEPR: Sructure and Shape of Molecules. by Charles Marth, Western Carolina
University. 2009.



The Assignment

You are to determine the Lewis structure, electpamup geometry, molecular shape, presence or
absence of resonance structures, and the polarity$eries of molecules given on the worksheetl F
free to work on this exercise in a group to help igarn the procedure. Carbon tetrachloride iskear
out for you as an example.

CCl, BF; SG; CO, ClOy
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valence electrons, # =32
of bonds, etc.

32-4(2) = 24

Lewis Structure .
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# electron groups, 4
electron group tetrahedral
geometry
# of bonded atoms, 4
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Polar or nonpolar nonpolar
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When you have complete these go to the website:
http://www.chem.ox.ac.uk/vrchemistry/vsepr/intrsgpr_splash.html. Click on the trigonal planar
molecule in the middle to start the tutorial. Makee popups are allowed.

In the popup window, choose 'Problems’ on thehaftd menu. Fill in your name and York
College/CUNY where prompted. Do the first 5 pebk. These will probably be harder than the
ones to do by hand.

On the following pages, write the name of anddket Lewis structure and a VSEPR structure for the

first 5 molecules that you are able correctly deing the total number of valance electrons and the
name of the geometry.

1. Name of molecule: Number of valence elecron
Lewis structure: VSEPR structure: Geometry:
2. Name of molecule: Number of valence elecron

Lewis structure: VSEPR structure: Geometry:



3. Name of molecule:

Lewis structure:

4. Name of molecule:

Lewis structure:

5. Name of molecule:

Lewis structure:

Number of valence elecron

VSEPR structure: Geometry:

Number of valence elecron

VSEPR structure: Geometry:

Number of valence elecron

VSEPR structure: Geometry:



