
CH 233H

Second Midterm Exam Friday, May 13, 2016

Name_____KEY___________________________________________

Please show your work for partial credit.  If you need more space for an answer, use the 

back of the page and indicate where we should look.

You may not use notes or other materials with chemical information without the 

instructor’s approval; necessary information is provided on pages at the back of the 

exam.  Please do not use ipods or other music players.



1. (15 points) Provide names for the following alkanes.

       Pentane                                   Ethane
Butane

Decane Propane

2.  (10 points)  Identify functional groups present in each of the following molecules.  Circle 
the group and provide a functional group name.



3.  (12 points)  Identify whether each of the following pairs of molecules are identical, 
constitutional isomers, stereoisomers, or unrelated.

Identical Identical

Stereoisomers Constitutional Isomers

Unrelated (different Molecular Formulae)

4.  (33 points) Understanding the chemistry of pyridine (C5H5N) requires understanding its 
bonding.

A.  If we consider C-2 (one of the carbons bonded to N), describe its geometry, and how will 
its valence atomic orbitals be hybridized for bonding?

Trigonal geometry (an implied H is present) and therefore sp2.  One unhybridized p 
orbital (perpendicular to the molecular plane) will be available for pi bonding.

B.  Describe the sigma (σ) component of the C-N bond in terms of which valence atomic 
orbitals or hybrid orbitals will overlap to form the bonding interaction (use words or any 
pictures you wish).

Both C and N will be sp2 hybridized, so the sigma bond will be the overlap of an sp2 
hybrid atomic orbital from each atom.



C.  Describe the pi (π) component of the C-N bond in terms of which valence atomic orbitals or 
hybrid orbitals will overlap to form a bonding interaction.

Since each atom will have an unhybridized p prbital perpendicular to the plane of 
the molecule, these will overlap to form a pi interaction.

D.  How would you describe the lone pair on nitrogen in a molecular orbital description? (What 
kind of MO does it occupy, and where in space is it pointed?)

The lone pair will occupy an sp2 hybrid lying in the plane of the molecule.

E.  Another molecule, pyrrole (C4H5N) would at first glance appear to be similar to pyridine but 
is in fact quite different. Pyridine is a moderately strong base (pKb = 8.79) while pyrrole is an 
extremely weak base (pKb = 17.8). Suggest a bonding interaction in pyrrole that will change 
its reactivity and make it less basic.(HINT: Write out the two reactions you need to compare, 
and draw correct Lewis structures for each compound that account for any lone pairs of 
electrons.)

When pyridine is protonated, we can draw resonance structures that delocalize the 
charge. Because the lone pair being protonated is perpendicular to the delocalized 
pi system, protonation does not change the aromaticity of the molecule.

In pyrrole, however, protonation removes the lone pair that, when shared with the 
double bond electrons, made the molecule aromatic. There are no additional 
resonance structures possible to stablize the positive charge.  The protonated form 
is thus highly disfavored, shifting equilibrium to the left.



5.  (30 points) Classify the following reactions as one of: -Addition
-Substitution
-Elimination
-Condensation
-Hydrolysis
-Oxidation
-Reduction
-Acid/Base

Addition or Reduction

Addition or Oxidation

Condensation

Substitution

Oxidation



Selected data that may be of use:

Physical constants:
g = 9.8 m/s2 Gravitational Constant
ε0 = 8.85419 × 10-12 C2/(Nm2) Electric susceptibility of a vacuum
c = 2.99792458 × 1010 cm/s Speed of light
R = 0.08206 L-atm/(mol-K) = 8.314 J/(mol-K) Gas constant
N = 6.022 × 1023 Avogadro’s Number
k = 1.381 × 10-23 m2kg/(K-s2) Boltzmann constant
h = 6.626 × 10-34 m2kg/s Planck’s constant
F = 96485 C/mol Faraday’s constant

π = 3.14159
e = 2.71828

Properties of State

Species H°f S°

N2 (g) 0 kJ/mol 191.6 J/(mol-K)

O2 (g) 0 kJ/mol 205.1 J/(mol-K)

NO (g)  90.25 kJ/mol 210.8 J/(mol-K)

C (s) (graphite) 0 kJ/mol 5.74 J/(mol-K)

C2H2 (g) 226.7 kJ/mol 200.9 J/(mol-K)

C6H6 (g) 82.6 kJ/mol 269.3 J/(mol-K)

CO2 (g) -393.5 kJ/mol 213.7 J/(mol-K)

Ag (s) 0 kJ/mol 42.55 J/(mol-K)

Ag+ (aq) 105.6 kJ/mol 72.68 J/(mol-K)

K+(aq) -254.4 kJ/mol 102.5 J/(mol-K)

Zn (s) 0 kJ/mol 41.63 J/(mol-K)

Zn+2 (aq) -153.9 kJ/mol 112.1 J/(mol-K)

Li (s) 0 kJ/mol 29.12 J/(mol-K)

Li2O (s) -595.8 kJ/mol 37.89 J/(mol-K)

Cu (s) 0 kJ/mol 33.15 J/(mol-K)

Cu2O (s) -170 kJ/mol 93 J/(mol-K)



Electromotive series:


