CHEM 131
Quiz 5 – Feb. 24, 2012

Name __________________________________

Complete the following problems. You must show your work to receive full credit. Show your
answers to the correct number of significant figures with the correct units.
1. Of the following substances: C3H8, N2, CH3OH, and N2O, one is a liquid at room temperature,
whereas the rest are gaseous. Which compound do you think is the liquid? Clearly explain your
reasoning. (12 pts)
Since the molar masses of all of the compounds are very similar, differences in state (boiling
point) are likely due to differences in intermolecular forces. You should examine the types of
intermolecular forces possible in each compound and try to identify which compound should have
the strongest intermolecular forces.
Compound
IM Forces

C3H8
Dispersion

N2
Dispersion

CH3OH
Dispersion,
dipole-dipole,
H-bonding

N2O
Dispersion,
dipole-dipole

Since CH3OH exhibits both dipole-dipole and hydrogen bonding interactions, it is likely that it has
the strongest intermolecular forces, and therefore the highest boiling point. As a result, it should
be a liquid at a higher temperature than any of the other compounds. Your discussion should
justify your choice in comparison to the other compounds.

2. Aluminum crystallizes in a face-centered cubic structure. If the atomic radius of aluminum is
143.1 pm,
a. what is the volume of the unit cell in cm3? (7 pts)
For a fcc structure, the diagonal of one face consists of four atomic radii. To determine the
volume of the unit cell, we need the length of the side. We can get that with this knowledge of the
diagonal: a2 + a2 = (4r)2, so that a = ((4x143.1pm)2/2)1/2 = 404.7 pm
Then the volume is a3, converted to cm3
Volume = 404.7 pm x 10-12 m x 1 cm
1 pm 10-2 m

3

= 6.63x10-23 cm3

b. what is the density of aluminum in g/cm3? (1 pm = 10-12 m) (6 pts)
For a fcc structure, there are four atoms contained in the unit cell. Therefore:
Then the volume is a3, converted to cm3
4 atoms
x
1 mol
x 26.9815 g = 2.70 g/cm3
6.63x10-23 cm3
6.02x10-23 atoms
1 mol

Bonus (3 pts):
Draw the structure of any compound that contains an amine and a carboxylic acid and has the molecular
formula C4H9NO3.

Several possible answers exist.

Possibly Useful Information

