Practice Exam #3 (Chm22 Fall ’12)                                               Name______________________________

1.  Ideal Gas Problem
In lecture we discussed the Ideal Gas Law ideal gas law  .  We discussed the equation highlighting the effect on the pressure of the individual variables: n, the number of moles of the gas in a container, V the volume the gas is contained in.  T is the temperature (in Kelvin units) and R is the ideal gas constant  .

a.  State in your own words* how the pressure exerted by a gas on its container is related to each variable n, T and V.  *
· n




· T




· V




* Be careful!  I am looking for arguments that work from the model discussed in class where the pressure exerted by the gas is due to collisions between the gas and the walls of the vessel it is contained in.  

b. A 2.5 liter container contains an Ideal gas at one atmosphere of pressure and at 25oC.  

i. How many moles of gas are in this container?


ii. If, while keeping the volume constant, you were to increase the temperature to 100oC, what would be the new pressure of the gas?



iii. If, while keeping the temperature constant at 25oC, you shrank the volume of the container to 0.5 Liters, what would the new pressure of the gas be?


iv. If you opened the container and added 1 mole of some other nonreactive ideal gas, what would the new pressure of the gas be?



c. State what the differences are between an ideal gas and a real gas.  


d. Based on your answer to part c, how would you expect the pressure exerted by gaseous HCl to differ from that predicted by the ideal gas law? Why? (Describe in terms of forces between gaseous HCl molecules).   



e. How do the relative electro-negativities of Chlorine and Hydrogen give rise to these interactions?

2. State changes and heating problem.

In class we talked about how energy added to a solid body will raise its temperature until it reaches a temperature at which the material moves into the liquid state.  We said that at that point, energy absorbed by the material would not result in an increase in temperature but would instead be absorbed by the material as it (the material) is driven from the solid state to the liquid state.  We said that once all of the material had been converted to the liquid state, all additional energy added to it would once again begin to raise its temperature until it reached the boiling point of the liquid.  At the boiling point the temperature would cease climbing again as absorbed energy is used to drive the liquid state molecules into the gas state.  Once all liquid state molecules have reached the gas state the temperature would again increase with heating.

a.) If you have 5 liters (5000 grams) of water in the solid state at -20oC and you wish to heat it until it reaches the gas state at 110oC (1atm), how many joules of energy do you need to put in to the water?
*The answer to this problem should be broken down into individual calculations for the heating of the solid state water, the solid to liquid transition, the heating of the liquid state water, the liquid to gas transition and the heating of the gas state water.  The density of H2O is 1g/ml.
· heating of solid state water (liquid heat capcity = 2.1 J/g∙oC)


· solid to liquid transition  (heat of fusion = 334 J/g)


· heating of liquid state water (liquid heat capcity = 4.184 J/g∙oC)


· liquid to gas transition  (heat of vaporization = 2260  J/g)


· heating of gas state water (gas heat capcity = 2.0 J/g∙oC)
b.) What forces must be overcome to drive a substance from the solid state and into the gas state? (circle one)
i. Attractive forces between molecules in the solid and liquid states
ii. Repulsive forces between molecules in the solid and liquid states

c.)  Would you expect more or less energy to be required to conduct the same state changes at 	the top of mount a tall mountain?  Why?

3.  Liquid/Gas Equilibrium Problem
Consider the case of a body of a liquid substance in a closed container.  In the gas state above the liquid are vapor molecules that have escaped the liquid state and have entered the gas state.  These vapor molecules periodically collide with the surface of the liquid and re-enter the liquid state.  At the same time, liquid state molecules at the surface of the liquid are sometimes forced into the gas state by collisions with other molecules in the liquid.  
a) If the rate at which molecules leave the liquid state and enter the gas state is equal to the rate at which molecules leave the gas state and enter the liquid state, the phase transition is at a state of _________________________.
i. Disorder
ii. Equilibrium
iii. Flux
iv. Chaos

b) What would happen to the pressure of the gas above the liquid in the closed container if the liquid was heated?  Why?

c) This pressure change results from a momentary change in the relative rates of escape from the liquid and gas states.  Instead of the rates being equal, one of them becomes momentarily faster than the other which results in a shift in the equilibrium.  Which process becomes faster and why?  Which is slower?



d)   How does this difference in rates result in a change in the pressure of the gas-state molecules?  

4.  Acidic Equilibrium
Acetic acid H3C2O2H exists in aqueous solution in the ionized and in the unionized states.  The equilibrium between those states is described by the equilibrium expression
H3C2O2H ↔ H3C2O2- + H+
a.) Write the equilibrium constant Ka for this ionization.


b.) The expression from part a, was derived by taking rate expressions for the forward and reverse reactions and setting them equal to each other.  This is appropriate since, at equilibrium, the rate of the forward reaction is equal to the rate of the reverse reaction and there is no net increase in products or reactants over time.   The rate expression for the forward reaction is Rate = kf[H3C2O2H]1.  The rate expression for the reverse reaction is Rate = kr[H3C2O2-]1[H+]1.  Using these two equations, derive the equilibrium constant Ka for this reaction in terms of kf and kr





c.) In your own words, why is the rate of any reaction proportional to the concentrations of the reactants involved in the reaction? (answer using the logic that molecules must collide to react).





d.) Using le chatelier’s principal, or simply recalling the effect of concentration of reactants on the rate of a reaction, which direction would you expect the equilibrium to shift (left or right) in the reaction if the following changes were made to the system:
1. H3C2O2H is added to the system.
2. H3C2O2- is added to the system.
3. H+ is removed from the system

e.) The accepted value of the Ka for acetic acid is 1.8 x 10-5.  Using this value, answer the following questions:
1. In one liter of a 1M solution of acetic acid, how many moles of H3C2O2H are present and how many moles of H3C2O2- and H+ are present? You can use the quadratic equation to solve this problem or you can make the approximation that for the dissociation of a weak acid, [Acidinitial-X] is approximately equal to [Acidinitial].  This allows for a simpler calculation.  






2. What is the pH of this solution?



5.  The formation of ammonia from gaseous nitrogen is described by the following equilibrium expression:
3H2(g) + N2(g)   2NH3(g) + 92.5kJ (heat)
a.) In which direction would you expect the equilibrium of this reaction to shift if the following changes were made to the system?  Choose left or right.
i. Heat is added to the system. 


ii. The volume of the container is decreased.


iii. The best conditions in which to carry out this reaction are high/low (circle one) pressure and high/low (circle one) temperature.



6.  You need to make one liter of a 2M NaOH solution.  You have solid NaOH crystals available in the lab.
a) What mass of NaOH crystals would you weigh out to make this solution?


b) What is the pOH of this solution? pOH = -log[OH-]


c) What is the pH of this solution?  pH + pOH = 14


7.  You need to make 1Liter of a 1M HCl solution.  You have a concentrated 6M solution to dilute from.
a.)  What volume of the concentrated 6M solution will you dilute to make your 1M solution? (use M1V1 = M2V2)




b.) What will be the pH of this solution?  Remember:  HCl is a strong acid and ionizes completely in water.  pH = -log[H+]
































