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Chapter 12 AP Free Response Questions 

1.)  A 6.19 gram sample of PCl5 is placed in an evacuated 2.00 liter flask and is completely vaporized at 252C.

(a)
Calculate the pressure in the flask if no chemical reaction were to occur.

(b)
Actually at 252C the PCl5 is partially dissociated according to the following equation:

PCl5(g) ( PCl3(g) + Cl2(g)
 
The observed pressure is found to be 1.00 atmosphere. In view of this observation, calculate the partial pressure of PCl5 and PCl3 in the flask at 252C.
(a)
6.19 g PCl5 / 208.22 g/mol = 0.0297 mol PCl5
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= 0.640 atm = 487 mm Hg

(b)
PPCl3 = PCl2 = X; PPCl5 = (0.640 - X) mm Hg



PT = 1.00 atm = (0.640 - X) + X + X



X= 0.360 atm = PPCl3 = PCl2


PPCl5 = (0.640-0.360) atm = 0.290 atm = 220 mm
2.)
Three volatile compounds X, Y, and Z each contain element Q. The percent by weight of element Q in each compound was determined. Some of the data obtained are given below. 
	Compound
	Percent by Weight of Element Q
	Molecular Weight

	X
	64.8%
	?

	Y
	73.0%
	104.

	Z
	59.3%
	64.0


(a)
The vapor density of compound X at 27 degrees Celsius and 750. mm Hg was determined to be 3.53 grams per liter. Calculate the molecular weight of compound X.

(b)
Determine the mass of element Q contained in 1.00 mole of each of the three compounds.

(c)
Calculate the most probable value of the atomic weight of element Q.

(d)
Compound Z contains carbon, hydrogen, and element Q. When 1.00 gram of compound Z is oxidized and all of the carbon and hydrogen are converted to oxides, 1.37 grams of CO2 and 0.281 gram of water are produced. Determine the most probable molecular formula.

(a)
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= 88.1 g/mol
(b)

X
Y
Z



88.1 g/mol
104
64.0


% Q
64.8
73.0
59.3


g Q
57.1
75.9
38.0

(c)
ratio
1.5
2
1


masses must be integral multiples of atomic weight


therefore,
3
4
2


which gives an atomic weight of Q = 19

(d)
1.37 g CO2 
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0.281 g H2O 
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1.00 g Z is 59.3% Q = 0.593 g Q
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therefore, the empirical formula = CHQ, the smallest whole number ratio of moles.


formula wt. of CHQ = 32.0, if mol. wt. Z = 64 then the formula of Z = (CHQ)2 or C2H2Q2
3.)  A rigid 5.00 L cylinder contains 24.5 g of N2(g) and 28.0 g of O2(g)
(a)
Calculate the total pressure, in atm, of the gas mixture in the cylinder at 298 K.

(b)
The temperature of the gas mixture in the cylinder is decreased to 280 K. Calculate each of the following.

 (i)
The mole fraction of N2(g) in the cylinder.

(ii)
The partial pressure, in atm, of N2(g) in the cylinder.

(c)
If the cylinder develops a pinhole-sized leak and some of the gaseous mixture escapes, would the ratio  
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 in the cylinder increase, decrease, or remain the same? Justify your answer.

A different rigid 5.00 L cylinder contains 0.176 mol of NO(g) at 298 K. A 0.176 mol sample of O2(g) is added to the cylinder, where a reaction occurs to produce NO2(g).

(d)
Write the balanced equation for the reaction.

(e)
Calculate the total pressure, in atm, in the cylinder at 298 K after the reaction is complete.

(a)
24.5 g N2  
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28.0 g O2  
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= 8.56 atm

(b)
(i) 
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 = 0.500 mole fraction N2

(ii) 
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= 8.05 atm  mole fraction = 8.05 atm  0.500


= 4.02 atm N2
(c)
decrease; since N2 molecules are lighter than O2 they have a higher velocity and will escape more frequently (Graham’s Law), decreasing the amount of N2 relative to O2
(d)
2 NO + O2  2 NO2
(e)
all 0.176 mol of NO will react to produce 0.176 mol of NO2, only 1/2 of that amount of O2 will react, leaving 0.088 mol of O2, therefore, 0.176 + 0.088 = 0.264 mol of gas is in the container.
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= 1.29 atm
4.)

(a)
From the standpoint of the kinetic-molecular theory, discuss briefly the properties of gas molecules that cause deviations from ideal behavior.

(b)
At 25C and 1 atmosphere pressure, which of the following gases shows the greatest deviation from ideal behavior? Give two reasons for your choice.


CH4
SO2
O2
H2
(c)
Real gases approach ideality at low pressure, high temperature, or both. Explain these observations.

Answer:

(a)
Real molecules exhibit finite volumes, thus excluding some volume from compression.


Real molecules exhibit attractive forces, thus leading to fewer collisions with the walls and a lower pressure.

(b)
SO2 is the least ideal gas.


It has the largest size or volume.


It has the strongest attractive forces (van der Waals forces or dipole-dipole interactions).

(c)
High temperature result in high kinetic energies.


This energy overcomes the attractive forces.


Low pressure increases the distance between molecules. (So molecules comprise a small part of the volume or attractive forces are small.)
5.)
Answer the following questions about carbon monoxide, CO(g), and carbon dioxide, CO2(g). As​sume that both gases exhibit ideal behavior.

(a)
Draw the complete Lewis structure (electron dot diagram) for the CO molecule and for the CO2 molecule.

(b)
Identify the shape of the CO2 molecule.

(c)
One of the two gases dissolves readily in water to form a solution with a pH below 7. Identify the gas and account for this observation by writing a chemical equation.

(d)
A 1.0 mol sample of CO(g) is heated at constant pressure. On the graph below, sketch the expected plot of volume verses temperature as the gas is heated.

[image: image15.wmf]
(e)
Samples of CO(g) and CO2(g) are placed in 1 L containers at the conditions in the diagram below.

[image: image16.wmf]
(i)
Indicate whether the average kinetic energy of the CO2 is greater than, equal to, or less than the average kinetic energy of the CO(g) molecules. Justify your answer.

(ii)
Indicate whether the root-mean-square speed of the CO2(g) molecules is greater than, equal to or less than the root-mean-square speed of the CO(g) molecules. Justify your answer.

(iii)
Indicate whether the number of CO2(g) molecules is greater than, equal, or less than the number of CO(g) molecules. Justify your answer.
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