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Review for Chapter 10                                   
AP Chemistry

Essential Questions: You should be able to answer the following essential learning questions at the end of Chapter 10.

· What are the observable characteristics of gases? How does Kinetic Molecular Theory explain the observable characteristics of the gases? 
· How is the ideal behavior of the gases supported by the ideal gas law? How was ideal gas law derived from various gas laws?
· How do ideal gases differ from the real gases and how does Van der Waals equation explain the real behavior of the gases?

· What is the difference between effusion and diffusion? How does Graham’s law related to molar mass of gases to the rates of effusion?

· How does partial pressure of gases relate to the total pressure in a mixture of gases? How is the concept of partial pressure used in the collection of the gases over water?
· Your own question (s)….

Connections to the real-world and other Chemistry Units

· Give three real-life situations where you use the knowledge of properties of gases in the real life. (Hints: flat tires, leavening of the bread, oxygen cylinders for climbers or divers, balloons, pressure measurement- weather forecasts, blood pressure instrument)

· The knowledge of the Kinetic Molecular Theory of the gases helps you in Chapter 17, when we talk about collision theory and catalysts and is the bases of understanding phase changes in Chapter 13.

· Understanding the model of gases and pressure can help you understand how barometer and manometer work and the weather predictions better.
Write the formula for each of the following laws. Also explain on how and in what context do you use the formula?

Boyle’s Law, Charles’ Law, Gay-Lussac’s Law, Ideal Gas Law, Van Der Waals Equation, Graham’s Law of Effusion, Dalton’s Law of Partial Pressures


Ex: Boyle’s Law: P1V1= P2V2 Boyle’s law is used to calculate pressure and volume changes in the gases at constant temperature for a fixed quantity of the gas. Boyle’s law is also a part of ideal gas equation.

Level 1 Problems:  5, 8, 13, 16, 18, 19, 22, 24, 36, 42, 45, 58, 60, 61, 71, 73, 83
Move on to level 2 and 3, after a few level 1 problem, if you feel comfortable with level 1 problems.

Level 2 and 3 Problems (Do at least 10 problems)
1) A hydrogen gas thermometer is found to have a volume of 100.0 cm3 when placed in an ice-water bath at 0°C. When the same thermometer is immersed in boiling liquid chlorine, the volume of hydrogen at the same pressure is found to be 87.2 cm3. What is the temperature of the boiling point of chlorine?
A: 238 K (-35°C)
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2) 2.50 g of XeF4 gas is placed into an evacuated 3.00 liter container at 80°C. What is the pressure in the container?
A: 0.117 atm
[image: image2.jpg]@ =nRT @;&QF@AE@)X sl -
207.776)(@!1 .

F@: 0.020(0.0820) (50 429>
([P~ 017 o

® podicd pressue of M= foked  pracunt = Vipr prccie F weter

= 7G5 ety = GOty

@ =PV

(romi(26 L) = P08

[F= 5156wty - 01177 afr)

—)
oo 4

ATSA"
17 T
(75201)(D (298 mb)V
Nlo«tz‘ll 0. 2464713

2 - -n
o 1, c tndes £ N 020 + 208N, = 10 N,
@ F\/:f’RT (‘fx" Y’?: w(zj! A Ne  280Zn, ¥ 20.1€p, = y/D
n=n = 0 2075 mo
((emvr(z'0.2079)(0»0620(!00) =%
V= 11%6 L

10 ﬁ{ ]
JLQAS‘A?: _ﬂ‘/ﬁ: ,/‘B() = 3.8l %

@ 150 &= |40 winHg

140wty o
0184 T 2.934

X4 19555 mm (1H50L|





3) 6.2 liters of an ideal gas are contained at 3.0 atm and 37 °C. How many moles of this gas are present?
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A: 0.75 mol
4) Hydrogen gas is collected over water at 24°C. The total pressure of the sample is 755 mm of mercury. At 24°C, the vapor pressure of water is 50 mm of mercury. What is the partial pressure of the hydrogen gas?
A: 705 mm Hg
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5) Which of the following is true at the triple point of a pure substance?
 
A)   The solid, liquid, and gaseous phases coexist in equilibrium.
 
B)   The temperature is always 0.01 K lower than the normal melting point. 
 C)   The liquid and gas phases of the substance always have the same density and are therefore indistinguishable. 
 
D)   The solid phase always melts if the pressure increases at constant temperature. 
 
E)   The liquid phase always vaporizes if the pressure increases at constant temperature.
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6) Have you ever wondered what the pressure is under the glass bell jar when the vacuum pump is turned on? One way to measure it would be to see how a balloon changes when it is inside. At the beginning of the experiment you note that the volume of the balloon is 560.0 mL under standard pressure. When you turn on the vacuum pump the balloon grows to 780.0 ml. What is the pressure under the bell jar at this point?
A: 0.7179 atm or 545.6 mmHg
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7) You decide to go on a long hot air balloon ride, so you decide to bring some shampoo to wash your hair with. However there is some gas inside the shampoo bottle when you start to climb into the basket at the beginning of your journey. In fact, because you are a good scientist you decide to constantly take measurements of your surroundings. The shampoo bottle contains 435ml of gas, under a pressure of 1.10 atm, at a temperature of 30.0°C. When you climb high into the air the bottle starts to expand eventually exploding and covering you and your companions with Pert Plus. Eager to explain this phenomenon you take some measurements: the pressure, you note, has dropped to 0.734 atm and the temperature has dropped to 5.00°C. To what new volume did the gas inside the bottle expand?
A:598 mL
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8) If you were to take a volleyball scuba diving with you what would be its new volume if
it started at the surface with a volume of 2.00L, under a pressure of 752.0 mmHg and a temperature of 20.0°C? On your dive you take it to a place where the pressure is 2943
 mmHg, and the temperature is 0.245°C.
A: 0.477 L
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9) A sample of CH4 is confined in a water manometer. The temperature of the system is 30.0 °C and the atmospheric pressure is 98.70 kPa. What is the pressure of the methane gas, if the height of the water in the manometer is 30.0 mm higher on the confined gas side of the manometer than on the open to the atmosphere side. (Density of Hg is 13.534 g/mL).
A: 94.2 kPa.
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10) A mixture of nitrogen and neon gases contains equal moles of each gas and has a total mass of 10.0 g. What is the density of this gas mixture at 500 K and 15.0 atm? Assume ideal gas behavior.
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A: 8.81 g/L
11) Three 1.00 L flasks at 25.0 °C and 1013 kPa pressure contain: CH4 (flask A), CO2 (flask B) and NH3 (flask C). Which flask (or none) contains 0.41 mol of gas?
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Answer: All three flasks contain 0.41 mol of the different gases.
12) What is height (in mm) of a column of ethanol if the pressure at the base of the column is 1.50 atm? (The density of Hg is 13.534 g/cm3 and ethanol is 0.789 g/cm3.)
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A: 19,555 mmC2H5OH
13) What is height (in mm) of a column of methane if the pressure at the base of the column is 1.50 atm? (The density of Hg is 13.534 g/cm3 and methane is 0.717 kg/m3.)
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A: 2.15 x 107 mmCH4
14) 1.0 L of liquid nitrogen is kept in a closet measuring 1.0 m by 1.0 m by 2.0 m. Assuming that the container is completely full, that the temperature is 25.0 °C, and that the atmospheric pressure is 1.0 atm, calculate the percent (by volume) of air that would be displaced if all the liquid nitrogen evaporated. (Liquid nitrogen has a density of 0.807 g/mL.)
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A: 35.2% of the air gets displaced.
15) A humidifier is used in a bedroom kept at 22.0 °C. The bedroom's volume is 4.0 x 104 L. Assume that the air is originally dry and no moisture leaves the room while the humidifier is operating.
a. If the humidifier has a capacity of 3.00 gallons of H2O, will there be enough to saturate the room with water vapor (vp of H2O at 22. °C = 19.83 mmHg)?
b. What is the final pressure of water vapor in the room when the humidifier has vaporized two-thirds of its water supply?
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A: The humidifier has sufficient capacity to saturate the room to the vapor pressure of water at 22.0 °C. P = 0.254 atm (or 193.3 mmHg)
16) The vapor pressure of solid iodine at 30.0 °C is 0.466 mmHg.
a. How many milligrams of iodine will sublime into an evacuated 1.00 L flask?
b. If 2.00 mg of I2 are used, what will the final pressure be?
c.  If 10.00 mg of I2 are used, what will the final pressure be?
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A: 
a. To 3 significant figures, this is 6.26 mg.
b. P = 1.96 x 10¯4 atm (or 0.149 mmHg)
c. The pressure would be 0.466 mmHg. Remember that vapor pressure is an equilibrium process. At 0.466 mmHg there would be established an equilibrium between I2(s) and I2(g). There would be 3.74 mg of solid I2 remaining in the flask.
17) Which of the following hydrocarbons has the highest boiling point?

A. C2H6

B. C3H8

C. These are all gases and don’t boil

D. C4H10

E. CH4
18) A sample of gaseous propane (C3H8) is ignited in a bomb calorimeter, with a heat capacity of 14.4 kJ/C, to measure heat of combustion of propane. The water in the calorimeter experiences a temperature change from 25.00 C to 41.09 C. The gases generated by the reaction are channeled into a 10.00 L container at 105° C. What is the pressure exerted by the gas in the vessel assuming complete combustion of propane?

Given: Δ Hf H2O(g) = -241.82 kJ / mol

Δ Hf CO2(g) = -393.5 kJ/mol

Δ Hf C3H8(g) = -103.85 kJ / mol
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Problems from AP Test
1984 A

A gaseous mixture of O2 and Kr has a density of 1.104 g/L at 435 torr and 300 K.  What is the mole percent O2 in the mixture?

Answer:

Average molar mass of mixture = dRT/P = 1.104 g/L x 0.0821 x 300 K / (435 mm Hg / 760 mm Hg)


= 47.48 = 47.5 g/mol

Let X = mole fraction O2 

and
1 - X = mole fraction Kr


47.48 g = X(32.00) + (1 – X)(83.80)


36.3 = 51.8X


X = 0.701 = 70.1% O2

1994 B

A student collected a sample of hydrogen gas by the displacement of water as shown by the diagram below. The relevant data are given in the following table.

	GAS SAMPLE DATA

	Volume of sample
	90.0 mL

	Temperature
	25C

	Atmospheric Pressure
	745 mm Hg

	Equilibrium Vapor Pressure of H2O (25C)
	23.8 mm Hg
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(a) Calculate the number of moles of hydrogen gas collected.

(b) Calculate the number of molecules of water vapor in the sample of gas.

(c) Calculate the ratio of the average speed of the hydrogen molecules to the average speed of the water vapor molecules in the sample.

(d) Which of the two gases, H2 or H2O, deviates more from ideal behavior? Explain your answer

Answer:

(a)
PH2 = Patm - PH2O = (745 - 23.8) mm Hg


= 721.2 mm Hg


n = (PV)/(RT) = (721.2 mm Hg ( 90.0 mL)/(62400 mm Hg.mL/mol.K ( 298.15K) 


= 3.49(10-3 mol

(b)
nH2O = (23.8 mm Hg ( 90.0 mL)/(62400 mm Hg.mL/mol.K ( 298.15K) ( 6.022(1023 molecules/mol  = 6.93(1019 molecules

(c)
(massH2)(velocityH2)2 = (massH2O)(velocityH2O)2

2(vH2)2 = 18(vH2O)2

v2H2/ v2H2O = 9; vH2/ vH2O = 3

(d)
H2O deviates more from ideal behavior:


(i) greater number of electrons = greater van der Waal attration


(ii) it is a polar molecule with strong polar attration


(iii) it hydrogen bonds to other water molecules


(iv) larger molecule and is slower at a given temp. and occupies more space.
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1996-D
Represented at right are five identical balloons, each filled to the same volume at 25C and 1.0 atmosphere pressure with the pure gases indicated.

(a) Which balloon contains the greatest mass of gas? Explain.

(b) Compare the average kinetic energies of the gas molecules in the balloons. Explain.

(c) Which balloon contains the gas that would be expected to deviate most from the behavior of an ideal gas? Explain.

(d) Twelve hours after being filled, all the balloons have decreased in size. Predict which balloon will be the smallest. Explain your reasoning.

Answer:

(a)
CO2; according to Avogadro’s Hypothesis, they all contain the same number of particles, therefore, the heaviest molecule, CO2 (molar mass = 44), will have the greatest mass.

(b)
all the same; at the same temperature all gases have the same kinetic energy.

(c)
CO2; since they are all essentially non-polar, the largest intermolecular (London) force would be greatest in the molecule/atom with the largest number of electrons.

(d)
He; it has the smallest size and has the greatest particulate speed and, therefore, it’s the easiest to penetrate the wall and effuse.

2003 #2

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 (moles of N2 (g) / moles of O2 (g)) 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.

Answer:

(a) 24.5 g N2 (1 mol N2 / 28.0 g N2) = 0.875 mol N2
28.0 g O2 (1 mol O2 / 32.0 g O2) = 0.875 mol O2
PV = nRT
P = nRT/V = (nN2 + nO2)RT/V = (0.875 + 0.875) mol x 0.0821 x 298 K / 5.00 L



P = 8.56 atm

(i) XN2 = 0.875 mol N​2 / (0.875 mol N​2 + 0.875 mol O2) = 0.500

(ii) PT = nTRT/V = (0.875 + 0.875) mol x 0.0821 x 280 K / 5.00 L = 8.0 atm

PN2 = XN2 x PT = 0.500 x 8.0 atm = 4.0 atm

(b) The ratio (moles N2 / moles O2) will decrease because N2 (g) will effuse faster than O2 (g) because N2 (g) has a lower molar mass.  Thus, in the cylinder, the moles of N2 (g) will decrease faster than the moles of O2 (g).

(c) 2 NO (g) + O2 (g) → 2 NO2 (g)

(d) This would make more sense of Chapter 13, but here you go anyway:

 
2 NO (g) + 
O2 (g) → 
2 NO2 (g)

initial
0.176

0.176

0

change
-0.176

-0.088

0.176

final
0

0.088

0.176

0.176 mol NO x (1 mol O2 / 2 mol NO) = 0.088 mol O​2 reacted

0.176 mol NO x (2 mol NO2 / 2 mol NO) = 0.176 mol NO​2 formed

P = nRT/V = (0.088 + 0.176) mol x 0.0821 x 298 K / 5.00 L = 1.29 atm

2004 #8

Answer the following questions about carbon monoxide, CO (g), and carbon dioxide, CO2 (g).  Assume 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) [image: image22.wmf]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 mole sample of CO (g) is heated at constant pressure.  On the graph at right, sketch the expected plot of volume versus temperature as the gas is heated.

(e) Samples of CO (g) and CO2 (g) are placed in 1 L containers at the condition indicated in the diagram below.

(i) [image: image23.wmf]Indicate whether the average kinetic energy of the CO2 (g) molecules 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 to, or less than the number of CO (g) molecules.  Justify your answer.

(a) Answers:

(b) :C≡O:::O=C=O::

(c) Molecular geometry = linear

(c) This would make more sense after Chapter 16, but here you go:

The gas that produces a pH less than 7 when added to water is CO2.  The reaction that accounts for this is:

CO2 (g) + H​2O (l) → H​CO31- (aq) + H​+ (aq)
or

CO2 (g) + H​2O (l) → H2​CO3 (aq)

(d) 
(i) The average kinetic energy is the same for both samples because the T is the same for both samples.  Average kinetic energy is proportional to T.

(ii) The root-mean-square speed for CO2 is lower than the root-mean-square speed for CO.  The molar mass of CO2 is higher than the molar mass of CO.  The root-mean-square speed is inversely proportional to the square root of the molar mass of the gas.

(iii) There are fewer CO2 molecules than CO molecules.  The CO2 molecules exert half the pressure of the CO molecules (at the same T and V), so there must be half as many molecules present.

