Chem 2061 – Fall 2008 – EXAM #1    Name_______________________

1.   (9 pts)   Draw the most important Lewis structure for each of the following molecules or ions.  Show all valence electrons and all formal charges other than zero.  If a molecule or ion below is best described by two equivalent Lewis structures, please draw both of them.    
i)    -CH​2CN




ii)    CH3ONO2
2.  (4 pts)  Bond A, as indicated in the structure below, is longer than bond B.  Briefly explain why this is the case. 
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3. (10 pts)   Determine whether the following pairs are actually different compounds or resonance structures of the same compound.  For those that are resonance structures, indicate which one is the major contributor or whether they have the same energy.
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4.  (7 pts)  a)  For the structure below, draw two other resonance structures and USE CURVED ARROWS to indicate the movement of electrons from one resonance structure to the next.  b)  Circle the most important resonance structure and briefly explain why you chose your answer. 
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5.   (10 pts) Identify the circled functional groups found in the compound below.

1. _____________________     2._____________________   3. _____________________

4. _____________________        5.  _____________________
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6.  (3 pts)  Rank the compounds in order of increasing boiling point (lowest to highest).

I) CH​3(CH2)4-I

II) CH​3(CH2)8-I

III)  CH​3(CH2)6-I

a) I<II<III
b) I<III<II
c) II<III<I
d) II<I<III
e) III<II<I

7. (3 pts)  Rank the compounds below in order of decreasing boiling point (highest to lowest).
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a) I>II>III
b) I>III>II
c) II>III>I
d) III>II>I
e) III>I>II
8. (18 pts)  Consider the following overall reaction, which you have NOT seen before:
This reaction takes place in 3 steps, as follows:

Step 1








Go  = -1 kcal/mol

Step 2








Go  = +4 kcal/mol

Step 3








Go  = -7 kcal/mol

a)  Draw the Free-Energy Diagram for this reaction, assuming steps with positive Go have a considerably higher activation energy than steps with negative Go.

b)  Label on your diagram above: “reactants”, “intermediates 1”, “intermediates 2”, and “products”.  
c) Draw double-daggers at the transition state(s). 

d) Of the three steps, which is rate-limiting? 
e) If the free energy change (Gr) of this reaction is –4 kcal/mol, the equilibrium constant 

1)   is greater than 1.
  2) is less than 1. 
   3) is equal to 1.        4) can’t be determined 
f)  If the rate equation for this reaction is:   Rate = kr[ (CH3)3COH ] [ HCl ]
What is the order of this reaction?
g) Draw the transition state structure for step 2 of this reaction.
9.   (8 pts)   A)
Give the structures of the products of the following acid-base reactions.  B) From the pKa values given below, write in the appropriate equilibrium arrows which indicate whether the products or reactants are favored.  (For compounds with more than one type of hydrogen, the acidic hydrogen that correlates with the given pKa value is in bold). 

	
	pKa
	
	pKa

	HCl
	-2.2
	NH4+
	9.24

	HCO2H
	3.76
	CH3OH
	15.5

	CH3CO2H
	4.74
	H2O
	15.7

	HCN
	9.22
	NH3
	33


a)  CH3CH2CO2-
    +
 CH3OH

b)  Na+ -OCH3
  +         HCN

10.   (4 pts)   Label the reactants in the following reactions as nucleophiles or electrophiles.


a) CH3CH2I
    +        -OH                     CH3CH2OH    +      I-







          H


b)  CH3CH2OCH3    +     H+                       CH3CH2OCH3
11.   (2 pt)   True or False  According to molecular orbital theory, a bonding molecular orbital is formed when two atomic orbitals with the same phase overlap.

12.  (3 pts)  What is the empirical formula for a compound with the following structure?
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13.   (6 pts)  Briefly explain why:

a) CH3CH2SH is more acidic than CH3CH2OH. 
b) CH3OH is more acidic than CH3NH2 

14.   (6 pts)  Both  and  bonds can be formed by overlapping p-orbitals.  Describe the difference, using orbital drawings to aid in your explanation.

15.  (7 pts)   a) Give the Markovnikov product for the electrophilic addition reaction of HBr and
1-butene.  b) Write the complete mechanism of this reaction, being sure to draw in arrows to show the direction of electron movement and to write the structure of the intermediate formed.  (Note: You do not need to draw the transition state structures in this mechanism). 
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