Chem 228: Test 2 Tuesday Nov 27th 2018
Molecular Geometry, Molecular Orbital Theory, Molecular Vibrations, 

and Packing and Electronic Structure of the Solid Chemical Elements
Name and class list number
Answering Policy:  Please give your initials to confirm you read and understood each of the following:

(i)
You are expected to read the questions carefully before you answer.

(ii) 
Your answers should be complete but brief and up to the point. 

(iii)
 Please don’t write in the margin. You are not expected to fill all the empty space given with a given problem. You can use the back of the pages as scratch or to improve your presentation.


(iiv) 
You lose points for adding correct material that is not relevant to a question. 
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(1A 5pts)
What is the main premise of the Valence Shell Electron Pair Repulsion Model to predict geometry? Show how this applies to predict the geometry of SF4.  Give the name and point group of the geometry you specify.
(1B 5pts)
Apply the above model to predict the geometry of SO3 and XeO3. 

 Give the point group of each molecule in the geometry you specify.

(2A)
Would you expect the following gas phase transformation in the given direction to be thermodynamically favorable or no? Give your reasoning. No credit if no reasoning is given or if the reasoning is not reasonable.  

F2  +  Br2  (  2 FBr 

(2B)
Acetylene (HCCH) is more acidic than methane (CH4). Does this make sense? Again, you need to give an explanation, not just yes or no!

(3A)
Construct a molecular orbital energy level diagram for LiH. You need to worry about the energy levels and the shape of the relevant orbitals but no need for symmetry labels.  

(3B)  
Consider carbon monoxide. Starting with one -AO from oxygen and one -AO from carbon drawn final -MOs. No energy diagrams, just good drawings. 
(4A)  In Chem 229 you will learn that [PtCl4]-2 has a square planar geometry, with a D4h point group. Use the set of 3N Cartesian of this molecule as a basis for a reducible representation in D4h.  No need to reduce it (You will do it in 229) 
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(4B) 
The three equivalent 1s AOs of the three hydrogen are said to transform into SALCs having a1 and e symmetry before they can bond with nitrogen in NH3.  The e SALC has a pair of degenerate components. (  Apply the projection operator to find the shape of one of the e-components, and then make an educated guess about the shape of its partner. 
	C3v
	E
	2 C3 (z)
	3 v
	

	 A1
	+1
	+1
	+1
	(z)

	 A2
	+1
	+1
	-1
	

	 E
	+2
	-1
	0
	(x,y)


(5)
Construct a fully labelled MO-energy level diagram for the -moiety of ozone in C2v. Start with the plane of ozone in the xz plane, meaning you work only with the py AOs which are perpendicular to the molecular xz plane. You need to include the shapes of the final -MOs along with their symmetry labels.
[image: image6.png]oxz) oiyz)

1

—1 -1
1

—1




(6)
We keep telling you ozone is bent, not cyclic nor linear, but we never gave you evidence for that. One piece of evidence comes from the IR spectrum of ozone (O3), which shows two bands at 1105 cm-1 and 1042 cm-1 where one would expect to observe a band for O-O stretching.
(6A) 
The O-O bonds are equivalent in both the linear and bent geometries.
 Explain how these two bands can eliminate the linear geometry and can support the bent one. You need to explain what causes bands to appear in the IR spectrum (based on either classical or quantum (symmetry based) selection rules.

(6B) 
Would the presence of two bands in the O-O stretching region in the IR spectrum also eliminate the cyclic geometry?  You are not given the D3h point group on purpose.
(7A)
Verify the face centered cubic unit describes a close pack structure of spheres (which can be atoms or molecules), while the body centered unit cell is not for a close pack mode. You need to provide a convincing answer that refers to the given unit cells. Start with the body centered cube.
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(7B) In an ABC-ABC close pack mode each sphere will be in the center of a cuboctahedron.
Give a drawing that illustrates how a cuboctahedron can be related to a cube. Give the point group of the cuboctahedron 

(8) Use Band Theory to explain why metals are conductors while diamond is insulator.  Again, we agreed you will give complete but concise answers. You can utilize illustrated drawings to aid your presentation. 
(9)
In the Haber-Bosch process ammonia is prepared from the elements. Before ammonia is used as fertilizer, it is converted to something else using the Ostwald Process. 
What is done to ammonia in the Ostwald Process? Give the net reaction and the stages.
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