
CH 334 Form A

First Midterm Exam Monday, October 16, 2017

Name_____KEY___________________________________________________

You may use model kits but no other material with chemical information without 

instructor approval.  

Please do not use any electronic devices (calculators, phones, ipods, smart watches).



1.  (24 points)  2-D and calculated 3-D structures for a
molecule C5H9N is shown at the right.  Carbon atoms are
labeled numerically; the 3-D orientation is looking down
the H-C2 bond vector.

a.  Based on the structure, list the approximate atomic orbital hybridization of each of the 
following:

The methyl carbon:___sp3____  Carbon 3:___sp2___     The nitrogen:_sp2, but we’ll accept sp3

b.  Draw two proper, complete resonance structures for this molecule. 

c.  Based on your answers above, describe the components of the C2-N bond in terms of bond
type (sigma, pi).  You may use any descriptions or drawings you wish. 

All covalently bonded atoms have a σ bond arising from the overlap of appropriate hybridized 
atomic orbitals.  Based on the resonance forms in (b), there is also a partial π bond between 
C2 and nitrogen.  That justifes claiming sp2 hybridization for nitrogen (despite a bit of 
pyramidalization evident in the picture in (a) ); C2 is clearly sp2 regardless.



1. d.  Based on the bond lengths shown below (and your prior answers) describe whether you 
think the C-N bonds in C5H9N  are single, double or triple bonds and why.

Compound C-N Bond Length
C2-N in C5H9N (shown above)   1.399 Å
C5-N in C5H9N (shown above) 1.473 Å
CH3CH2-NH2    1.467 Å
CH3CH=NH 1.266 Å
CH3CΞN 1.149 Å

The C2-N bond is in between a single and a double bond, as expected from the resonance 
description.

The C5-N bond is actually a bit longer than that in the reference compound, but is clearly a 
single bond as it is the longest C-N bond under discussion.



2.  (9 points) Given the pKas of protonated species shown below, predict the magnitude of Keq 
for each of the following reactions (Keq >> 1, Keq << 1, or Keq ≈ 1)

a.
K <<1 (actually, 10-11)

b.
K <<1 (actually, 10-24.5)

c.
K >1 (actually 104.55)

3.  (15 points)  Identify each atom highlighted with an arrow in the structures below as either 
nucleophilic (N) or electrophilic (E).  (Label each as N or E.)

4.  (12 points)  Draw structures for each of the following compounds.

a.  n-Hexane

b.  3-methylheptane

c. 2-bromo-3-(1-propyl)nonane



5.  (16 points)  Using Newman projections, show the possible staggered rotamers of 3-
methylpentane, looking down the C2-C3 bond.  Rank them in order of stability.  (Hint:  draw 3-
methylpentane and identify the bond down which you need to look.)

All of these have gauche interactions with the C1-methyl group.  The most stable has 1 only, 
with the C-3 methyl.  The least stable has 2, one each with the C3-methyl and with the C4/C5 
ethyl group.  The second-most stable is just a tad less stable because most of the time the 
ethyl group is pointed away, but to the extent it can rotate around it will afect the overall 
energy.



6.  (24  points)  Consider the free-radical halogenation of 1,4-dimethylcyclohexane (shown 
below in part a).

a.  Label each of the diferent carbons as primary, secondary or tertiary.

 
Primary

Tertiary

Secondary

b.  Chlorination, as we know, is relatively nonselective.  Draw all possible isomers for 
monochlorination of 1,4-dimethylcyclohexane (ignore cis/trans isomerism and other aspects 
of stereochemistry).

c.  Bromination, on the other hand, tends to be more selective.  Show the mechanistic 
propagation steps (including electron-pushing arrows) that illustrate selective formation of a 
single product from 1,4-dimethylcyclohexane.

Note:  Br• is generated in the initiation step (I haven’t asked for that).  A common error is to 
have the organic radical react with Br• instead of Br2.  This is statistically very, very unlikely 
(the radical species never build up to any large concentration), and such a reaction is actually
one of several chain termination steps.  Reaction with Br2 regenerates Br•, which goes back to
react with another molecule of reactant and carry the chain. 



Bond strengths (kcal/mol):

F-F  38
Cl-Cl  58
Br-Br  46
I-I  36
H-F 136
H-Cl 103
H-Br  87
H-I  71
CH3-H 105
CH3CH2-H 101
(CH3)2CH-H  98.5
(CH3)3C-H  96.5
CH3-F 110
CH3-Cl  85
CH3-Br  70
CH3-I  57
CH3CH2-F 111
CH3CH2-Cl  84
CH3CH2-Br  70
CH3CH2-I  56
(CH3)2CH-F 111
(CH3)2CH-Cl  84
(CH3)2CH-Br  71
(CH3)2CH-I  56
(CH3)3C-F 110
(CH3)3C-Cl  85
(CH3)3C-Br  71
(CH3)3C-I  55


