Molecular Geometry

How can molecular shapes be predicted using the VSEPR theory?
Why?

When you draw a Lewis structure for a molecule on paper, you are making a two-dimensional representa-
tion of the atoms. In reality however, molecules are not flat—they are #hree-dimensional. The true shape
of a molecule is important because it determines many physical and chemical properties for the substance.

In this acrivity you will learn how to predict molecular shapes.

Model 1 - Lewis Structures
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1. Name the type of structures shown in the left-hand column of Model 1.

Lewis Shuctures

2. Examine the drawings in Model 1.

2. What does a solid line between two element symbols represent in the drawings of the molecules?

Bond

6. What subatomic particles (protons, neutrons or electrons) make up these solid lines?

elechving

¢, What does a pair of dots represent in the drawing of the molecules?

NON bcwilrg octvong

4. What subatomic par

electvons

3. In the English language, what does the word “domain” mean? (Your group must come to consen-
sus on this question.)

(protons, neutrons or electrons) makes up each dot?

4, Which molecules in Model 1 have four electron domains? Circle or highlight the four electron
domains in the Lewis structure for each molecule that you identified.

345

5. Which molecules in Model 1 have two electron domains? Circle or highlight the two electron
domains in the Lewis structure for each molecule that you identified.

TS 2, b

6. Which molecule in Model 1 has three electron domains? Circle or highlight the three clectron
domains in the Lewis structure for the molecule that you identified.

1

L]

7. When determining the number of electron domains in a Lewis structure, which of the following
should you count? Find evidence from Model 1 to support your answers.

{a YBonds on the center atom

@ Lone pairs on the center atom

¢. Total number of atoms in the molecule %Lone pairs on peripheral atoms
ndkiveeriu because iF
akfecks Hhe namines of

kond s

8. When determining the number of electron domains in a Lewis structure, do you count double
bonds as one domain or two domains? Find evidence to support your answer from Model 1.

ONE. AOmna i
+# Oﬂiu& oS 2domains and i+
hos 2 Hdowlcls bonds
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9. Explain the difference between a bonding electron domain and a nonbonding electron
domain using the examples in Model 1.

bordd dechvon dormadn= 0ond - Shared
elechvans .
vion. vonding domain - lone pods ~Unghonred

10. Circle the correct ward or phrase to complete the sentences:

each other.

Pairs of electrons will (attractifepel
Two bonds on the same atom will try to get as (close to/@) cach other as possible.

romt/move toward) each

A lone pair of electrons and a bonded pair of electrons will {ust

other.

Read This!

The VSEPR (Valence Shell Electron Pair Repulsion) Theory helps predict the shapes of molecules and
is based on the premisc that electrons around a central atom repel each other. Electron demains are areas
of high electron density such as bonds {single, double or triple) and lone-pairs of electrons. In simple
terms VSEPR means that all electron bonding domains and electron nonbonding domains around a
central atom need to be positioned as far apart as possible in three-dimensional space.

11. VSEPR theory specifies “valence shell” electrons. Explain why these are the most critical electrons
for determining molecular shape based on your exploration of Model 1.

1hese ave The Qecivons inolved 1 b@y\@k&'hq&

12. In the VSEPR theory, whar is repelling what?

Lerivon OIS

13. Based on the information in the Read This! section, sketch one of the molecular shapes shown
below in each of the boxes provided in Model 1.

Linear Trigonal planar

& \1 200

Three-Dimensional

Molecular Shapes

Tetrahedral Bent

%-\109.50
-

B

Pyramidal
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14. Often we draw Lewis structures with 90° bond angles. Do any of the molecular shapes in
Model 1 have 90° bond angfes?

no

15. Are the bond angles in the three-dimensional molecules generally larger or smaller than those
shown in the Lewis structures drawn on notebook paper?

‘.M%@M

@% 16. Why is it possible to get larger angles separating electron domains in three-dimensions versus
two-dimensions?

spu 2o use The space infont/behind The papev

17. Identify the three molecules shown in Model 1 that have four electron domains each.

4. What happens to the size of the bond angle(s) in a molecule as the number of fone pairs on
the central atom increases?

245 move lone padvs —= senalled ongle.
y 4y

6. Discuss in your group some possible explanations for the trend in part 4. Your presenter
should be ready to present to the class one or two of your hypotheses for full class discussion.

lone. paivs ke up exher Spaee

18. A student does not “waste” his time drawing a Lewis structure before determining the shape of
PF,. The student thinks that the shape of PF, must be trigonal planar because there are three
ﬂuorme atoms bonded to the central phosphorus atom.

4. Draw the Lewis structure for PF

TrAD20
FpoF
'

b. Was the student’s answer for the shape of a PF, molecule correct? Explain.

No

¢. 'Why is it important to draw the Lewis structure for a molecule before identifying the shape of
the molecule?

“To bt adle Yo count the bﬁ@;{\%&nd nonlonding
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19. Complete the following chart:

Molecule | Lewis Structure | 3-D Drawing ;j:;nsl;;[fe Bond Angle
HS|H-S=H | Buwry| bent | 045
LS O O i
| 0%
o %amxdai |
o dral
CC14 QE “cuu @ fge %—Q%&w i EQQO%’
! " N
ML & o
cs, |S=C=3S |po-@=0 lineow 80
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Extension Question
20. Ozone, 03, is not a linear molecule. Actually it is bent with an angle that is a lictle less than 120°.

4. Draw the Lewis structure of ozone, 03.
6. Describe why ozone has a bent shape instead of a linear shape.

¢. Describe why ozone’s bond angle is larger than that of water, H,O.

only | lore podviso Yo amale isnt as eaééagseoi
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