PROBLEM SET EXAM 1
1. Draw the compounds XeF3+ and CH2O.  Explain the bonding in terms of valence bond theory.  That is show the atomic orbitals on the central atom, describe any electron promotion necessary, and show the orbitals involved in both sigma and pi bonding.
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2. Acetonitrile, H3CCN, is a common organic solvent that has a H3C---C---N skeletal structure. Consider this molecule from the viewpoint of Valence Bond Theory.
 Start by writing a complete electron dot formula for the molecule. Then draw and clearly label one or more pictures to show the types of orbitals that are used to form the various sigma 
and/or Pi bonds. Also clearly show the 3-dimensional structure of the molecule, including the 
relative orientation of the C-H, C-C, and C-N bonds, etc.
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3. Circle and label neatly the functional groups listed in the following structure.  Do not include Alkanes.


[image: image4.emf]alkene

Ketone

Alkyne

2

o

 alcohol

 

C

C

OH

NH

2

O

OH O

C H

3

Carboxylic acid

primary amine


4. What are the hybridization states of the indicated atoms in the following structure?
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5. Use the letters and arrange these compounds in order of increasing boiling points and explain logic.
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e. 

 

___d___< __e___< __a____<___c__<___b__
Explain: Boiling point is determined by three factors: Intermolecular forces, Molecular weight and branching. Compound B has hydrogen-bonding (strongest intermolecular force). All other compounds only contain London dispersion forces. Compounds A and C , which have the same weight, will have a higher boiling point than compounds D and E due to it is heavier (size) meaning that it has more London dispersion forces to increase its attraction between molecules. Compound C is higher boiling than A due to less branching (larger 
surface area) allowing it to have more effective London dispersion to attract more molecules to it. Compounds D and E has the same weight. Compound E is higher boiling than D due to less branching (reason stated above)

6. The following table lists the steric strain values for one H-substituent 1,3-diaxial interaction.  Thus the value of a H-F 1,3-diaxial interaction is 0.5 kJ/mol. 

	substituent
	strain (kJ/mol)
	substituent
	strain (kJ/mol)

	Br-
	1.0
	C6H5-
	6.3

	CH3-
	3.8
	Cl-
	1.0

	CH3CH2-
	4.0
	CN-
	0.4

	(CH3)2CH-
	4.6
	HO2C-
	2.9

	(CH3)3C-
	11.4
	F-
	0.5


a. Draw the more stable chair conformation of trans-1-t-butyl-4-methylcyclohexane.




[image: image6.emf]Trans-1-t-butyl-4-methylcyclohexane
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b. Draw the possible chair conformations of cis-1-t-butyl-4-methylcyclohexane.




[image: image7.emf]Cis-1-t-butyl-4-methylcyclohexane
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c. Using the principles of conformational analysis (angle, torsional and steric strain) evaluate the stability of the conformations drawn in (b) above and indicate which is the more stable.

Each conformation is free of angle strain (all are 109.5°).  Each is free of torsional strain (all bonds are staggered). The structure with the axial tert-butyl has two 1,3-diaxial interactions between hydrogen and tert-butyl for 22.4 kJ/mole of instability whereas that with axial methyl has two 1,3-diaxial interactions between hydrogen and methyl  for 7.6 kJ/mole of instability.


The more stable is therefore:
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d. Derive an estimate for difference in stability between the most stable conformation of the cis and that of the trans isomer.



Trans has no angle, torsional, and steric strain.  The more stable cis has 2 methyl – 


hydrogen 1,3-diaxial interactions and therefore 7.6 kJ/mol of instability.
7. Interpret the spectrum below. (all compounds are hydrocarbons, the first two spectra contain 6 C’s, and the last two spectra 8 C’s)
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8. Show the products that will be formed in the acid base reaction between CH3COOH (acetic acid) and Na+F-.  


CH3COOH   +   Na+F-                            CH3COO- Na+  + HF 
Pka                          4.76                                                                                    3.45
(b) Will products or reactants be favored at equilibrium if the pKa of CH3COOH is 4.76 and the pKA of HF is 3.45?  ____ reactants will be favored ___  

(c) What products will be formed in the following Lewis acid/base reactions?  Show all lone pairs and include all non-zero formal charge in the products 
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9. 
(a) Using Newman projections, draw the three staggered conformations of 2-methylbutane, looking down the C2-C3 bond.  (5 points)



(b) Indicate how many gauche interactions there are in each conformation (3 pts)



(c) Circle the number of gauche interactions that will be highest in energy (2 pts)
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10. Draw a molecular graph (bond line formula) for each of the following molecules ignoring Euclidean geometry (i.e. no wedges and dashes).

i) 5-sec-Butyl-3,5-diethyldecane


[image: image13.emf]
ii) 1-tert-Butyl-3-isopropylcyclopentane


[image: image14.emf]
iii) 3-Ethyl-5-isobutyl-2,6-dimethylnonane


[image: image15.emf]

iv) 1-n-Butyl-3-(1,2-dimethylpropyl)cyclohexane


Write a complete IUPAC name for each of the following compounds, including designation of stereochemistry if it is specifically shown:
a) [image: image16.png]


3-bromo-6-cyclobutyl-4-methylnonane
b) [image: image17.png]


8,8-dimethyl-2-propylbicyclo[3.2.1] octane
c) [image: image18.png](CHg)C. H
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[image: image19.emf]3-chloro-2,2,4,5-tetramethylhexane


11. Consider the stereoisomers shown to the right. Complete the structures below to show the ring-flipping equilibrium for each isomer. Identify the more stable stereoisomer and give the reason for your choice. 

cis-4-tert-butylcyclohexanol                          trans-3-methyl-1-isopropylcyclohexane
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[image: image21.emf]Lower energy (more stable)


The structure on the left has 2 1,3-diaxial interactions between hydrogen and tert-butyl leading to greater repulsion and steric hinderance causing less stability in the structure
The structure on theright has 2 1,3-diaxial interactions between hydrogen and isopropyl leading to greater repulsion and steric hinderance causing less stability in the structure
12. Draw examples of bonding and antibonding molecular orbitals and explain the differences

Bonding Molecular orbitals
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two s orbitals overlap 
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s and p orbitals overlap 
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Antibonding molecular orbitals
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s orbitals overlap forming antibonding molecular orbital 
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s and p orbitals overlap forming antibonding molecular orbital 

[image: image27.jpg]C@ +C@— Co @




p orbitals overlap forming antibonding molecular orbital 

Bonding molecular orbitals. Bonding molecular orbitals correspond to regions where electron density builds up between two, sometimes more, nuclei. When these orbitals are occupied by electrons, the electrons "see" more positive nuclear charge than they would if the atoms had not come together. In addition, with increased electron density in the spaces between the nuclei, nucleus-nucleus repulsions are minimized. Bonding orbitals allow for increased electron-nucleus attraction and decreased nucleus-nucleus repulsion, therefore electrons in such orbitals tend to draw atoms together and bond them to each other.

Antibonding orbitals tend to localize electrons outside the regions between nuclei, resulting in significant nucleus-nucleus repulsion—with little, if any, improvement in electron-nucleus attraction. Electrons in antibonding orbitals work against the formation of bonds, which is why they are called antibonding.
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