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Multiple Choice (5 points each)

1.
A sealed constant volume flask contains Ne(g), N2(g), and O2(g).  Which of the following statements about the gases in this container are true?


i.
Some of the nitrogen molecules are traveling slower than some of the oxygen molecules.


ii.
All of the nitrogen molecules are traveling slower than all of the oxygen molecules.


iii.
The average kinetic energy of oxygen is greater than the average kinetic energy of neon.


iv.
Each of the gases occupy one-third the volume of the flask.


v.
The partial pressure of each gas can be calculated if we know the number of moles of each gas and the total pressure.

a.  i, iii


b.  i, iii, v

c.  i, iv, v

d.  i, ii, iii

e.  i, v

2.
A jar with a tight-fitting lid contains a clear, colorless liquid.  Which of the following statements are true about the contents of the jar.  

i.
If the temperature is increased, more of the liquid phase molecules will escape into the gas phase.


ii.
The weaker the intermolecular forces in the liquid the more molecules will escape into the gas phase.


iii.
If a salt has been dissolved in the liquid, more of the liquid phase molecules will escape into the gas phase.

iv.
If the liquid is nonpolar, more of the liquid phase molecules will be in the gas phase than if the liquid molecules have a dipole moment.


v.
The vapor pressure  of the liquid is independent of temperature.

a.  i, ii


b.  i, ii, iv

c.  i, iv, v

d.  i, ii, iii

e.  i, iv
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3.
Refer to the above plot while determining which one of the following statements is NOT true.


i.
If ‘A’ is the velocity of gas particles and ‘B’ is the relative number of gas molecules with velocity ‘A’, then curve ‘C’ must be at a higher temperature than curve ‘D’.

ii.
Let ‘A’ be the energy of collisions, and ‘B’ the relative number of collisions with energy ‘A’.   All collisions to the right of the vertical line proceed to product.  The energy that corresponds with the vertical line is the activation energy for this reaction.  


iii.
If ‘A’ is the kinetic energy of molecules in a liquid and ‘B’ is the relative number of liquid molecules with kinetic energy ‘A’, then particles to the left of the vertical line are those that are most likely to vaporize.
4.
The gas phase reaction, 2 NO(g) + O2(g) 
    2 NO2(g), is found to be first order with respect to NO2 and first order with respect to O2.  Which of the following statements must be true?


i.
The units of the rate coefficient, k, are M-1s-1. 


ii.
The rate of disappearance of NO will be twice the rate of appearance of NO2.  


iii.
A plot of [O2] versus time will be linear.  


iv.
The rate law can be written by inspecting the balanced chemical equation. 


v.
The half life of NO will increase as the reaction proceeds. 
a.  i

b.  ii, iv

c.  i, ii, iv

d.  i, iv  
e. i, iv, v 

Short Answer and Problems.

R = 8.314 J/(mol K) = 0.08206 L atm/(mol K)  
1 J = 1 kg m2 s-2
1 pm = 10-12 m = 10-10 cm
1.
(12 points) Draw the LDS of CH2Cl2 and CH3Cl.  Use VSEPR to determine the shape of each compound and whether or not each compound has a dipole moment.  

Predict which compound (CH2Cl2 or CHCl3) will have the higher boiling point.  Justify your answer based on the structures and dipole moments.  Explain your reasoning.
2.
(15 points) Gold (atomic radius = 144 pm) crystallizes in a fcc unit cell.


a.
What is the length of the edge of the cell?


b.
What is the volume of a unit cell?


c.
Predict the density of gold.  Report your answer in g/cm3
3.
(8 points)  A newly discovered gas has a density of 2.39 g/L at 23.0 °C and 0.941 atm.  

a.
Under these conditions, how many moles of this gas are in a 1.00 liter container?


b.
What is the molar mass of the gas? 

4.
(8 points) Calculate the root mean square speed of carbon dioxide at 305 K. 
The work that you show to solve this problem should clearly demonstrate that the units of speed are m/s. 
5.
(12 points) Hydrogen peroxide decomposes according the reaction




H2O2(aq) → 2 H2O(l) + O2(g)


The concentration of hydrogen peroxide (M) was monitored as a function of time.  To determine the order, the following parameters were plotted vs time (in minutes)
	
	[H2O2]
	ln[H2O2]
	1/[H2O2]

	slope
	-8.53 x 10-6
	-1.06 x 10-3
	1.74 x 10-1

	intercept
	1.70 x 10-2
	-3.92
	6.75

	R2
	0.9114
	0.9996
	0.9144


Based on the information in this table, determine the order of the reaction and the value of the rate coefficient.  
What was the initial concentration of hydrogen peroxide?

7.
(10 points)  For the reaction


2 NO(g) + 2 H2(g) → N2(g) + 2 H2O(g)


these data were obtained at 1100 K:


Expt.

[NO]o (mol/L)

[H2]o (mol/L)

Initial rate (mol L-1 s-1)



1


0.00500
0.00250
0.0030



2


0.0150
0.00250
0.0090



3


0.0150
0.0100
0.036

a.
What is the order of this reaction with respect to each reactant?  Write the rate law.


b.
Calculate the rate coefficient.  

8.
The reaction 

2A(g) → P

is run at 25 °C and the rate coefficient is found to be 7.95 x10-8 s-1.  

a.
(2 points) What is the order of this reaction?


b.
(7 points)  Starting with [A] = 0.350, what is the concentration of A after 24.00 hours? 


c.
(6 points) The same reaction is run at 56.2 °C and the rate coefficient is found to be 1.04 x 10-5 s-1.   What is the activation energy for this reaction?
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