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Answers
Vining

P-Block Element Homework Answers
1. Describe the structures of the elements in the first two periods. 

What are the two controlling factors in the types of structures formed? (I’m not looking for enthalpy and entropy here, but you use those to explain how the control ends up producing different structure types). 

Contrast the types of structures, based on these two controlling factors.
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The issue is whether the structures will be small, containing only a few atoms, or large, extended structures. There are two controlling factors:

1. Number of bonds formed. The more bonds, the greater chance of the structure being an extended one. For example, F can form only one bond, so it can only make F2. C can form 4 bonds, so it forms more linkages, and therefore more extended, interlinked structures.

2. The tendency to form double bonds vs. two single bonds. Larger atoms do not form pi bonds, and therefore only form single bonds. O and S each form two bonds: O forms a double bond to one other atom, forming O2. S, on the other hand, is larger than O and does not form S=S double bonds. Instead, it forms rings of S atoms, each singly bonded to two other S atoms.

So, structures of all the 7A elements are diatomic. Structures of the other elements get more interconnected and extended as you move left and down the periodic table.
2. Predict the structures of the elements of the 4th period above: Ge, As, Se, Br. Should they be similar to the 2nd period elements (C-F) or the 3rd period elements (Si-Cl). Explain why.

They should be like the 3rd period elements. Each element will form the same number of bonds as the atom above it in the periodic table, but the 4th and 3rd period elements will not form pi bonds, whereas the 2nd period elements do. 

3. Describe the structures of the oxides of the elements in the first two periods for Groups 4A, 5A, and 6A. Explain the trends.

The structrures of oxides follow similar rules to structures of the elements. If the central atom can form pi bonds to O, they will form small-molecule oxides. If not, they form larger, extended structures. So, CO2 is small because C=O bonds can form. Si is larger than C, so Si=O don’t form and therefore Si-O-Si bridges form, which leads to extended structures. 
Sulfur is smaller than Si and forms S=O bonds, and so makes small-molecule oxides, like SO2 and SO3. P is in the middle and forms intermediate structures containing both P-O-P bridges as well as P=O terminal groups, like in P4O10. 
4. What is the effect of replacing a Si atom by an Al atom in zeolites? Why should we care?

The Aluminosilicate framework will have the same number of electrons as the SiO framework, but Al has one less proton in its nucleus. So, each Al atom leads to a -1 charge on the framework. This then is countered by a cation that must also be present. These charged sites act as catalyst sites for reactions and also good sites for the adsorption of water. 
5. If you were going to make a series of silicone oils of various viscosities, what types of reagents would you use, and how would you go about making different oils with different viscosities?

Viscosity is “thickness.” In all cases, you would want no cross-linking agents (RSiCl3), so you would use only R3SiCl and R2SiCl2. You would use a greater fraction of R2SiCl2/R3SiCl to get longer average chains and therefore more viscous liquids.
6. The chemistry of Si is not at all like that of C in terms of Si-H vs. C-H compounds. However, from a structural standpoint, Si-O chemistry shows many of the same patterns seen in C-H chemistry. Explain, using appropriate examples.

C-H chemistry involves many structural types, such as chains, branched chains, rings, etc. These are predicated on the idea of stable C-C bonds. Si-O chemistry does the same thing, based on stable Si-O-Si-O-Si type linkages. For example, cyclopropane is similar to the Si3O96- ion. Polymers in organic chemistry correspond to silicones as well as silicate structures: these can be linear, branched, crosslinked chains. 
