Balloon/Electron-Pair Geometry and Lewis Models
Inflate four 20 – 25-cm round balloons so that they are all approximately the same size, and tie the balloons off.

(1) Attach two balloons to each other by twisting their stems together.

(a) Is more than one geometric arrangement of the balloons possible? What is the most stable geometry of the centers of two balloons that are attached together? Explain your responses.

(b) Consider three points: the centers of each balloon and their point of attachment. How would you describe the geometry of these three points? Can you represent this geometry on paper? If possible, make a sketch to illustrate your answer.

(c) Is the geometry in (b) required mathematically? Explain why or why not.

 (2) Add a third balloon.
(a) Is more than one geometric arrangement of the balloons possible? What is the most stable geometry of the centers of three balloons that are attached together at the same point? Explain your responses.

(b) Consider four points: the centers of each balloon and their point of attachment. How would you describe the geometry of these four points? Can you represent this geometry on paper? If possible, make a sketch to illustrate your answer.

(c) Is the geometry in (b) required mathematically? Explain why or why not.

(3) Add a fourth balloon.

(a) Is more than one geometric arrangement of the balloons possible? What is the most stable geometry of the centers of four balloons that are attached together at the same point? Explain your responses.

(b) Consider five points: the centers of each balloon and their point of attachment. How would you describe the geometry of these five points? Can you represent this geometry on paper? If possible, make a sketch to illustrate your answer.

(c) Is the geometry in (b) required mathematically? Explain why or why not.

 (4) Summary:  

The most stable geometry of two spheres attracted to a central point is _________________.

The most stable geometry of three spheres attracted to a central point is _________________.

The most stable geometry of four spheres attracted to a central point is _________________.

Lewis models of the molecules, CH4, NH3, H2O, and HF, are shown here.
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(5) Consider how to interpret the Lewis models.

(a) What does a dot represent?

(b) What does a pair of dots represent? Explain.

(c) What does a line (stroke) represent? Explain.

(d) How many electrons are explicitly represented in each Lewis structure? Explain.


CH4 _____
NH3 _____
OH2 _____
FH _____

(e) How many total electrons are in each molecule? Explain.


CH4 _____
NH3 _____
OH2 _____
FH _____

 (f) Are your answers to (d) and (e) the same? If not, explain why not.

(g) What does the “O” symbol represent in the H2O Lewis structure? Explain.

(h) What do the “H” symbols represent in these Lewis structures? Explain.

(6) Use the molecular models to build a “ball-and-stick” model of a water, H2O, molecule. Use short white connectors to connect the oxygen (red) “ball” and the hydrogen balls and place longer white connectors in the remaining holes in the oxygen “ball”.

(a) Compare this model with the Lewis model above. What are the corresponding parts of the two models? Clearly explain your responses.
(b) What do the oxygen “ball” and the hydrogen balls in the “ball-and-stick” model represent? Explain your reasoning.
(7) Compare a four-balloon model (two balloons of one color and two of another) of the molecular structure of water with the Lewis and “ball-and-stick” models.

(a) What are the similarities and differences (especially in geometry)? Explain.

(b) Where are the oxygen and hydrogen atom centers in the balloon model? Explain.

(c) What are the strengths and weaknesses of each model? Justify your responses.

(8) Why do we use Lewis models? What is (are) the purpose(s) of these models? [Are they simply exercises that are easy to grade, for example?]

(9) Now try using your balloon models to represent a structure where the central atom exceeds the octet rule. Please sketch (and build) SF4, BrF3, SF6, and XeF4.
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