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Ho DOGIL #3

Valence Shell Electron Pair Repulsion Theory (VSEPR) POGIL
Read This!

Why Should | Care About Molecular Geometry?

The valence shell electron pair repulsion (VSEPR) theory was developed as a way to predict molecular
geometries based on Lewis electron dot diagrams. The molecular geometry of a molecule influences its
physical properties, chemical properties, and biological properties. Molecular geometry is associated with the
chemistry of vision, smell and odors, taste, drug reactions and enzyme controlled reactions. As you learned in
Honors Biology, most enzymes will react with molecules possessing only a certain, specific shape. Small,
sometimes seemingly trivial, changes in a molecule may prevent it from interacting with the enzyme. The
shapes of substances can have a significant impact on their reactions and on their physical properties. For
example: Pentane and 2,2-Dimehylpropane both have the same chemical formulas, but different shapes, and
different boiling points.

(a) Pentane (bp =309.4 K) (b) 2,2-Dimethylpropane (bp = 282.7 K)

Apply what you know:
1. What does VSEPR stand for?
2. Why ate valence electrons important in bonding?

3. Does the shape of a molecule (molecular geometty) impact how it reacts? Explain

4. Let’s talk about geometry:
a. What does the term planar mean?
b. What does the term linear mean?
¢.  What does the prefix tri mean?
d. What does the prefix tetra mean?

€. What does a pyramid look like? We would refer to something with this shape as pytamidal.
(Think of something that has this shape and list it as an example.)

£ What does a tetrahedral look like? (Think of something that has this shape and list it as an
example.)
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1. Based on the geometry and structure which two molecules would you expect to be two
dimensional rather than 3 dimensional?

2. Why would these molecules have 2-D molecular shapes?

*3. Look carefully at the Lewis Dot diagram for BFs, What do you notice about the number of
electrons surrounding B?

Read This!

Valence Shell Electron Pair Repulsion (VSEPR) theory allows the Chemist to predict the 3-dimensional shape of molecules
from knowledge of their Lewis Dot structure. The basic principle of the VSEPR theory is that electrons repel one another
because of their like (negative) charges. The shapes of covalently bonded molecules can be determined by the repulsion of
electrons (either bonding or nonbonding). This theory offers the simplest means available to account for (or to predict) the
structures of molecules and ions, which can be divided into two categories. These categories include species in which: only
bonding electrons surround the central atom or, the central atom is surrounded by both bonding and nonbonding
electrons. In VSEPR theory, the position of bound atoms and electron pairs are described relative to a central atom. The
VSEPR theory assumes that each atom in a molecule will achieve a geometry that minimizes the repulsion between
electrons in the valence shell of that atom. For example, there are only two places in the valence shell of the central atom
in CO; where electrons can be found. Repulsion between these pairs of electrons can be minimized by arranging them so
that they point in opposite directions. Thus, the VSEPR theory predicts that CO, should be a linear molecule, with a 180°
angle between the two C - O double bonds. The shape can be predicted by determining the AXE formula, whereby A=
central atom, X=the number compounds attached to the central atom, and E= the number of lone pairs on the central
atom. In this example, the AXE formula would be AX;: A for the C; X, for the 2 Os; and there is no E because there are no
lone pair electrons on the central atom.

@




4. Refer to the above diagram of CO, if A represents the central atom Carbon,

what does X represent, and what is its numerical value? @@b

5. Are there any lone pair electrons on the central atom, C, in CO,?

6. What should the AXE formula be for CO;?

7. Review the chart in Model I, what would the AXE formulas be for BeFz, BF3, CHs?

8. Refer to the Lewis dot structure for NH3, What is the AXE H—.N.—H
formula? l
H

S0

Your group will check your answers with the instructor before moving on.

Model IT

Building 3-D molecular molecules

Read This!

Open at your container of atoms carefully to ensure you do not lose any of them. It is your
responsibility to keep track of each of the parts in your kit and return them to the container when
you are finished. Utilize the container to prevent the pieces from dropping on the floor. Do not take
piece from another container. Notify your instructor if you are missing a piece.

The colors will represent different atoms in different molecules. However, because we want to show
lone pairs we cannot use the same ball color for every time for each atom:
As a general rule, you will use Black for central atoms.

Don’t panic, you will be instructed as to what to use




9. Examine the Nitrogen (blue), Carbon (black) and Hydrogen (white) atoms, why do you think
the holes are drilled where they are and differ from atom to atom.

10. What part of your kit may be used to represent single bonds? Double bonds?

Read This!

Each of the colored balls represents a different atom. Note the number and position of the
holes in each atom. These place their intentionally to enable you to create, for example, the
following molecular shapes:

AX,.E, Notation AX, AX;E AX, AXE AXs AX,E;
Geometry Linear Bent (V-shaped) Trigonal planar Trigonal pyramidal Tetrahedral Bent
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Bond Angles L s 120 120 < 109.5° 109.5° < 109.5°

11. Draw the Lewis Dot structure of Ha.

12. Begin building by selecting two H (white) atoms and one single bond (short grey stick). Build Ha.
Compare your model to those of other students at your table. Examine your model and the chart
above (Model Il). After reviewing, what do you think the AXE formula, geometric shape, and bond
angle is? Set this model aside. Note, we do not have an example of this in Model Il.

e AXE formula

e geometric shape

e bond angle



13. Draw the Lewis Dot structure for water.

14. Now select a two H atoms (white) and one O atom(black). Build H,0. Note, you may indicate the lone
pairs with purple connectors. Compare your model to those of other students at your table.

» What do you notice about the shape of your molecule when you just consider the atoms?
« What is the shape when you take into consideration the lone pairs?

» Record its AXE formula, geometric shape, and bond angle. Set this model aside.

15. What happened to the geometric shape of water? Why is it not linear?

16. Draw the Lewis Dot structure for oxygen gas.

17. Notice the Lewis dot diagram for O, What type of bonds are present in O,?

18. Select two O atoms (black). Build O, Use the long grey bendable connectors as your bonds. indicate
lone pairs with the purple connectors. Compare your model to those of the other students at your
table. Record the AXE formula, geometric shape, and bond angle. Set this model aside.

19. Compare your three models. What are the similarities and differences?
Similarities Differences

y
[@ Your group will check your answers with the instructor before moving on

Extension - VSEPR Worksheet #2

For this activity, you will need to refer to your Lewis Dot Worksheet # 1. Use the ball and stick model
kit to create the molecules below. Please note, the black ball will always be the central atom. Use
the purple connectors to show lone pairs on the central atom.



VSEPR Worksheet #2 Draw the ball and stick model to show the 3-D structure for each molecule. Only draw
the lone pairs on the central atoms unless it is an AX model. Identify the AXE formula, name of the 3-D

geometry and the bond angle of the central atom. Use colored pencils to indicate the different atoms present.

# Valence AXE # Valence AXE # Valence AXE
RS C H 4 formula electrons H 2 O formula electrons C O 2 formula
Atom Kit: Black =C, White=H Atom Kit: White=H, Black =0 Atom Kit: Black=C, Red=0
Shape Angle Shape Angle Shape Angle
AR A4 e e -__—
# Valence N AXE VD O AXE # Valence CO AXE i
electrons 2 formula electrons F 2 o electrons formula
Atom kit: 2 Blue=N Atom kit: Black=0, Green=F Atom kit: 2 Black=Cand O
Shape Angle Shape Angle Shape Angle
vy R G B
i #Valence AXE # Valence AXE i # Valence AXE
electrons formula electrons formula electrons

PCls

CCl4

Atom Kit: Black=P, White=Cl

Atom kit: Black=C, White=Cl

formula

NHs

Atom kit: Black=N, White=H

Shape Angle

Shape Angle

Shape
Angle




.................................

# Valence AXE # Valence 4
i electrons S O 2 electrons N O 3'
Atom Kit: Black=S, Red=0 Atom kit: Black=N, Red=0
Shape Angle Shape Angle
# Valence AXE # Valence 2 AXE
electrons S O 3 electrons S O 4 B
Atom Kit: Black=S, Red=0 Atom kit: Black=S, White=0
Shape Angle Shape Angle

s@ Your group will check your answers with the instructor before moving on




Big Idea

20. Compare AX3 to AX:E in terms of shape and bond angle. Provide some examples.

AX3 AXZE
Shape Shape
Bond angle Bond angle
Examples Examples

21. Compare AXs, AX3E, AX2E; in terms of shape and bond angle. Provide some examples.

AXs AXE AXzE2
Shape Shape Shape
Bond angle Bond angle Bond angle
Examples Examples Examples

@ You are now ready to build your atomic molecule mobile! Congratulations.



