Honors Chemistry - Chapter 5: Gas Laws

GAS LAWS - OBJECTIVES

1.
Explain the concept of an ideal gas.

2.
State and explain the meaning of the  laws of Boyle, Charles, and Gay-Lussac’s and perform calculations using these laws.

4.
Use the Combined Gas Law to solve problems involving the change of more than one condition of gases.

5.
State Avogadro’s Principle.

6.  
State the ideal gas equation, and give the meaning of each symbol. 

7.
Determine the value of the ideal gas constant, R, for one mole of a gas at STP.  

8.
Use the Ideal Gas Law in solving problems.

9.  
Calculate the density or molar mass of a gas, given the necessary data (molar mass, pressure and 
temperature for density; temperature, pressure and density for molar mass).

10.
Use Dalton’s Law to find partial pressure of a gas in a mixture; relate partial pressure to mole fraction.

11. 
Use Dalton's Law of partial pressure to find dry volume of a gas collected over water.

12. 
Relate the volumes of gases (measured at the same temperature and pressure, non STP) in a reaction.

13.
List and explain the basic assumptions of the Kinetic Theory of Gases.

14. 
List properties of real gases that lead to deviations from ideal gas behavior.

15. 
Define diffusion and effusion; use Graham's Law to determine the relative rates of diffusion of various 
gases.

EXPERIMENTS:

1. 
 Boyle's Law.

2.  
 Determine the molar volume of a gas.

READING: 

Textbook  ( Masterton) : pages 115 – 124;  128 (Molecular Model); p. 131 (Graham’s Law); p 132-135 (omit equations)
Dittos as assigned.

Problems : p. 137 
Measurements in Gases:  question 2;  

Initial and Final States:  questions 6, 8, 14


Ideal Gas Law:  page 138, questions 16, 18, 20


Ideal Gas Law:  Density and Molar Mass:  page 138, questions 22,  24, 26,  28,  30  


Stoichiometry of Gaseous Reactions: page 139, questions 32,  34, 36


Dalton’s Law:  page 139, questions 38, 40


Kinetic Theory:  page 140, questions 46, 48

Miscellaneous questions:  page 141, question 66 
Gas Laws

Boyle’s Law
1.
If the pressure of  50.0 liters of oxygen is 700. mm Hg, what will be the pressure if the volume changes to 60.0 liters?  Assume that the temperature remains constant.

2.
Calculate the volume of a gas if the original volume of 2.0 liters at 700.  mm Hg  is subjected to a pressure of 1000.  mm Hg.  Assume constant temperature. 

3.
If 500.  mL of nitrogen at standard pressure and 0.00 oC is placed in a 1.00 x 103 mL container, what would be the new pressure at 0.00 oC.

Charle’s Law ( V-T)

4.
If the temperature of 550. mL of oxygen changes from 25.0 oC to -25.0 oC, what is the volume of the gas?  Assume constant pressure.

5.
If  2.0 liters of methane at 27 oC is heated to 127 oC  at constant pressure, what would be the new gas volume?

6.
200.0 mL of butane at 200. oC is cooled to standard temperature.  What is the new volume if the pressure remains unchanged?

Gay-Lussac’s Law (P-T)

7.
If a container of hydrogen at 15 mm Hg and 23 oC is heated to 46 oC, what is the pressure of the gas?

8.
Calculate the temperature of nitrogen gas if 2.0 liters at STP is subjected to a pressure of 920 mm Hg.  Assume constant volume.

Combined Gas Laws

9.
A gas has a volume of 50.0 mL when measured under pressure of 740. mm Hg at 25.0 oC.  What will be the volume at STP?

10.
What would be the temperature of a gas if 50.0 mL of it at STP were compressed under 1500. mm Hg to 30.0 mL?

11.
A cylinder contains 5.0 liters  of hydrogen gas at 7600 mm Hg and 0.0 oC.  What would be the volume of gas at standard pressure and temperature of 27 oC?

Dalton’s Law - Water Pressure

12.
A 25.0 mL sample of gas is collected over water at 22.0 oC and 765 mm Hg.  What is the volume of the dry gas at 50.0 oC and 800. mm Hg?

13.
To what temperature must 2.00 liters of gas collected over water at 15.0 oC and 800. mm Hg be heated to change the volume to 4.00 liters of dry gas at standard pressure?

Summary Problems:

14.
Calculate the volume of oxygen gas at STP if 285 mL of the gas has a pressure of 720 mm Hg at 10 oC.

15.
To what temperature must 5.50 liters of a gas at 740. mm Hg and 25.0 oC be changed to expand the gas to 15.0 liters and 780. mm Hg?

16.
3.80 liters of nitrogen was collected over water at 10.0 oC and 720. mm Hg.  What volume of dry nitrogen would be present at STP?

17.
Imagine that you have a cigarette lighter that contains 25.0 mL of butane gas under pressure at 7600 mm Hg.  How many cigarettes could you light if each cigarette required on average 5.0 mL of gas?  Assume that atmospheric pressure is 760 mm Hg.

18.
 What would be the pressure reading of a gas collected over water at 27.0 oC if the pressure of the dry gas was 700. mm Hg at 50.0 oC?

19.
If the pressure inside a 20.0 liter container is 800. mm Hg at 100. oC, what will be the pressure if the temperature is increases to 200. oC and the number of molecules inside the container doubled?

1.  583 mm Hg

2.  1.4 L
3.  380 mm Hg

4.  458 mL
5.  2.7 L



6.  115 mL

7. 16 mm Hg
8. 330 K (57 oC)
9.  44.6 mL
10.  323 K or 50.0 oC

 g Hg 

11.  55 L

12.  25.5 mL
13.  556 K (283 oC)
14.  260 mL
15.  857 K (584 oC)

16.  3.43 L

17.  50 cigarettes
18.  677 mm Hg


19.  2.03 x 103 mm Hg

GAS LAWS  - Chapter Summary 2

Solve. Show all work.

1.  
A gas with a volume of 4.0 L at a pressure of 0.90 atm is allowed to expand until the pressure drops to 0.20 atm.  What is the new volume?

2.  
A given mass of air has a volume of 6.0 L at 1 atm.  What volume will it occupy at 190 mm Hg if the temperature does not change?

3.  
Five liters of air at -50o C are warmed to 100o C.  What is the new volume if the pressure remains constant?

 4.  
The pressure in an automobile tire is 2.0 atm at 27oC.  At the end of a journey on a hot sunny day the pressure has risen to 2.2 atm.  What is the temperature of the air in the tire?

5.  
A 5.0 L of air at a temperature of -50o C has a pressure of 800 mm Hg.  What will be the new pressure is raised to 100 oC and the volume expands to 7000.L?

6. 
A gas occupies 450. ml at 650. mm Hg pressure and 30oC.  What will its volume be at STP?

7.  
A driver puts 30.0 lb/in2   pressure into the automobile tires at 22oC.  After the car has been driven for a while, the pressure has increased to 45.0 lb/in2.  Assuming no volume change, what is the temperature of the gas in the tires?

8.  
A 100. liter sample gas was compressed to 10.0mL, where its pressure is 350. torr.  What was the original pressure of the 100. liter sample?

9.  
A gas sample in a 17.5 liter container is heated from -33.0 oC to 33.0oC.  In order for the pressure to remain constant, what would the volume of the container have to be at 33.0oC?

10. 
Gas in a hot air balloon has a volume of 5500. liters at 40.0o C.  To what temperature must the gas be heated to increase the volume to 7500. liters?

11. 
Butane gas is stored in a tank at pressure of 10.0 atmospheres at 22.0oC.  The tank can hold pressure of 50.0 atm before bursting.  During a fire the gas is heated to 500. oC.  What is the gas pressure, and will the tank contain the gas without bursting?

12. 
If 200. mL of gas have a pressure of 444 torr at 85 oF, what will be the volume at standard conditions?

 1. 18 L          

2. 24 L         
3. 8 L           
4.  330 


5. 0.956 mm Hg     
6. 347 mL       7. 170 C       

8.  0.0350 torr
             
9.

 10. 154C      



11. 26.2 atm , the tank will not burst


12. 105 mL 
Ideal Gas Laws  PV = nRT

1.
A gas has a volume of 31.2 dm3 at a temperature of 28 oC and  a pressure of 82.6 kPa.  


a. Assuming it is an ideal gas, how many moles are there in the gas sample?


b. How many molecules are in the sample?

2.
What volume will 15.0 g of carbon monoxide (CO) occupy at STP, assuming it acts like an ideal gas?

3.
Assuming that methane, CH4, acts like an ideal gas, use the ideal gas law equation to find the volume occupied by 48.0 g of methane at STP.

4.
A certain gas occupies a volume of 20.0 L at a temperature of 21 oC and a pressure of 94.2 kPa.  


a. How many moles are there in the sample?


b.  If the temperature is increased to 85 oC and the volume is changed to 35.0 L, what will be the new pressure?

5.
What pressure, in atmospheres, is exerted by 0.325 mol of hydrogen gas, H2 ,in a 4.08 L container at 35 oC? 

6.
A sample of gas at a temperature of 35 oC is in a cylinder with a volume of 10.0 L.  The pressure is 125.8 kPa.  


a. How many moles are there in the sample?


b.  If the gas is moved to a cylinder with a volume of 8.4 dm3 and the pressure is 174.2 kPa, what is the new temperature?

7.
A deep underground cavern contains 2.24 x 106 L of methane gas, CH4 , at a pressure of 15.0 atm and a  temperature of 42oC.   How many grams of methane does this natural gas deposit contain?

8.
A child has a lung capacity of 2.2 L.  How many grams of air do her lungs hold at a pressure of 1 atm  and a normal body temperature of 37oC?  Assume air has molar mass of 28.8 g/mole.

9.
What volume will be occupied by 0.450 mol of a gas at 25 oC and a pressure of 0.520 atm?


10.
What volume will 12.0 g of oxygen gas , O2 , occupy at 25 oC and a pressure of 0.520 atm?


11.
What is the total pressure exerted by a mixture of 64.0 grams of CO2 gas and 22 grams of N2 gas when confined in a volume of 12.0 liters at 15 oC?

12.
A sample of 2.0 mol of gas is placed in a 50 mL container at 100 oC.  If 1.0 mol of gas is added and the 
temperature is raised to 150 oC, what must be the volume for the pressure to remain constant?

1.  1.03 mol,  6.20 x 1023 molec. 
2.  1.20 x 10dm3
3.  67.2 l
 4.  0.771 mol, 65.5 kPa

5.  2.01 atm



6.  0.492 mol, 84 oC  
7. 2.07 x 107 g



8.  2.5 g




9. 21.2 L

10.  17.6 L





11.  4.42 atm



12.  85 mL

Dalton’s Law of Partial Pressures

1.
Air contains oxygen, nitrogen, carbon dioxide and trace amounts of other gases.  What is the partial pressure  of oxygen ( Poxygen) at 1 atmosphere of pressure if Pnitrogen = 593.4 mm Hg, Pcarbon dioxide = 0.3 mm Hg, Pother = 7.1 mm Hg.

2.
Determine the total pressure of a gas mixture that contains oxygen, nitrogen, and helium if the partial pressures of the gases are Poxygen = 150 mm Hg, P nitrogen = 350 mm Hg; Phelium = 200 mm Hg.  Express your answers in mm Hg, torrs, and atmospheres.

3.
A quantity of gas collected over water at 8 oC in a 353 cm3 vessel.  The manometer indicates a pressure of 84.5 kPa.  Find the pressure due to the collected gas. 

4.
 A gas mixture containing O2, N2, and CO2 has a pressure of 250 mm Hg.  If Poxygen is equal to 50 mm Hg; Pnitrogen = 175 torr, what is P   carbon dioxide?

5.
Determine the partial  pressure of oxygen collected over water if the temperature is 28 oC and the total gas pressure is 98.74 kPa.

6.
A 79.9 cm3 of oxygen is collected by water displacement at 24 oC.  What volume would the gas occupy at standard pressure and temperature if the gas is collected originally at a pressure of 98.5 kPa and 24oC?

7.
The partial pressure of helium is 13.5 kPa in a mixture of helium, oxygen, and methane gases.  If the total pressure is 96.4 kPa and the partial pressure of oxygen is 29.3 kPa, what is the partial pressure of methane?

8.
A  428 mL sample of hydrogen gas was collected by displacement of water in Salt Lake City at 25 oC on a day when atmospheric pressure was 647 mm Hg.  The vapor pressure of water at 25 oC is 


23.8 mm Hg.  Calculate the 


a.  the partial pressure of hydrogen gas


b.  the number of moles of H2 collected


c.  the mole fractions of H2 and H2O

9.
A 38 L gas sample is collected over mercury when the barometer 814 mm Hg and temperature is 


18 oC.  If the mercury level is inside the eudiometer tube is 37 mm lower that the reservoir level, what will be the volume of the gas at STP?

10.
150. cm3 of oxygen gas is collected by water displacement in an eudiometer tube when the pressure is 625 mm Hg and the temperature is 39 oC.  The water is 125 mm H2O above the level in the beaker.  What will be the volume of the gas at STP?

1. 159.2 mm Hg

2. 700 mm H;  0.92 atm

3. 83.4 kPa

4.  25 mm Hg
 5. 94.96 kPa


6.  69.2 cm3

7. 53.6 kPa


8.  A)  623 mm Hg; b) 0.0143 mol  c) 0.960 mm (H2)  0.04 (H2O)
9.  39.9 L


10.  109 cm3
Gas Stoichiometry

1.
Metallic silver can be reclaimed from silver chloride by the following reaction



AgCl(s)   +  H2(g)  ----->   Ag(s)   +  HCl 


a.  Balance the equation


b.  What volume of hydrogen, measured at 25.0 oC and 1.00 atm, would be used in changing 28.7 g of AgCl back to metallic silver?

2.
The acetylene, C2H2 in acetylene lanterns is generated by the reaction of water and calcium carbide, CaC2 as follows:





CaC2  +  H2O  ----->  Ca(OH)2   +   C2H2


a.  Balance the equation.


b.  Calculate the volume of C2H2,  measured at 25.0 oC and 1.00 atm, released if 5.00 moles of CaC2 and 10.0 moles of H2O are used in the above reaction.

3.
Given the following unbalanced  equation:

Cu2O  +  H2  ---->  Cu  +   H2O


a.  Balance the equation


b.  Calculate the volume of hydrogen measured at STP, needed to react with 8.30 moles of Cu2O.

4.
Oxygen is often generated in the laboratory by the reaction between sodium peroxide, Na2O2, and water.  Sodium hydroxide is the other product.


a.  Write the balanced equation for the reaction.


b.  How many grams of Na2O2 must be used to generate 5.00 liters of oxygen at 25.0 oC and 1.00 atm.  Assume all Na2O2 reacts.

5.
When hydrogen is needed in the laboratory, it is commonly  made by the reaction of zinc metal with hydrochloric acid.  The products of the reaction are hydrogen gas and zinc chloride.


a.  Write the balanced equation for the reaction.


b.  How many moles of zinc must be used to produce 10.0 liters of hydrogen gas at 25.0 oC and 760. mm Hg?


c.  How many grams of zinc would be necessary to produce the 10.0 liters of hydrogen gas?

6.
Hydrogen can be made from iron and steam at high  pressure using the following process:






Fe   +   H2O  --------->  Fe3O4   +   H2

a.  Balance the equation.


b.  Calculate the number of moles of iron needed to produce 8.50 liters of hydrogen by this reaction if the volume of hydrogen is measured at STP.

7.
Hydrogen gas, H2, combines with fluorine, F2, to give hydrogen fluoride gas, HF.   


a.  Write a balanced equation for the reaction.


b.  If 12.0 g of hydrogen gas and 50.0 g of fluorine gas are allowed to react, how many grams of hydrogen fluoride gas will be produced?


c.  If 25.0 L of hydrogen will combine with 45.0 L of fluorine at STP, how many grams of hydrogen fluoride gas will be produced?


d.  If 15.0 L of hydrogen and 75.0 g of fluorine will react at 20.0 oC and 1.50 atm, how many grams of hydrogen fluoride gas will be produced?

1.
2.45 L

2.  122 L

3.  185 L

4.  31.8 g

5.  26.7 g

6.  
0.285 mol
7.  b.  52.6 g;   c.  44.6 g;   d.  37.5 g


Density- Molecular weight (1)

1.
Calculate the density of methane gas, CH4, at STP.

2.
Calculate the density of SF6 at STP.

3.
Calculate the density of CH4 gas at 800 mm Hg and -23oC.

4.
Find the density of  C2H6  at 700 mm Hg and 60 oC.

5.
It is found that 981 cm3 of gas collected at 47oC and 98.1 kPa has a mass of 3.40 g.  What is the density at STP?

6.
A sample of gas with mass 225 mg occupies a volume of 182 cm3 at 22oC and 102.5 kPa.  What is the density at STP?

7.
What is the mass of a 1.00 L sample of oxygen if the volume was measured at 40oC and 99.2 kPa and if the density of oxygen at 20 oC and 101.3 kPa is 1.43 g/L?

8.
A gas sample has a density of 1.68 x 10-3 g/cm3 when the temperature is 21 oC and the pressure is 102.2 kPa.   What will be the density of the gas at STP?

9.
One liter of gas measured at STP is found to weigh 3.17 g.  Find its gram molecular mass.

10.
If 16 grams of a gas has a volume of 5.6 liters at STP, what is its molecular mass?

11.
At 28 oC and 740 mm Hg, 1.00 L of an unidentified gas has a mass of 5.16 g.  What is the molar mass of this gas?

12.
It is found that 250. mL of gas, measured at STP has a mass of 0.400 g.  What is its gram molecular mass?

13.
A sample of gas, weighing 0.539 gram, was collected over water at 24 oC  and under pressure of 744 mm Hg and was found to have volume  of 432 ml.  Calculate the molecular mass of the gas.  Assume the water-vapor pressure is 22.4 mm Hg at 24 oC.

1. 0.714 g/L

2. 6.52 g/L

3.  0.824 g/L

4.   1.01 g/L 

5.   4.20 g/L

6.  1.32 x 10-3 g/cm3 
7.


8. 1.79 x10-3  g/cm3
9. 71 g/mol

10. 64 g/mol

11.   131 g/mol

12. 35.8 g

13.  32 g/mol

Graham’s Law of Diffusion

1.
What is the ratio of the velocity of hydrogen molecules to that of oxygen molecules when both gases are at the same temperature? 

2.
For each of the following pairs of gases, state which will diffuse most rapidly under the same conditions of temperature and pressure.


a.   CO2 and Br2



c.  N2 and HCl


b.  NO2 and C3H8


d.  CCl2F2 and SO3

3.
How do diffusion and effusion differ?

4.
Uranium isotopes have been separated by taking advantage of the different rates of effusion of the two isotopic forms of UF6.  One form contains uranium of atomic mass 238, and the other of atomic mass 235.  What are the relative rates of effusion of these two molecules?

5.
We have two balloons:  He filled, and one air filled ( Mm air = 28 amu).  Which balloon will deflate faster?  How much faster?

6.
In an effusion experiment, 45 second were required for a certain number of moles of an unknown gas to pass through a small opening into a vacuum.  Under the same conditions it took 28 seconds for the same number of moles of argon to effuse.  Find the molar mass of the gas.

7.
What is the ratio of speed of carbon monoxide, CO, molecules to that of nitrogen monoxide molecules when both gases are at the same temperature?

8.
Taking the average speed of an oxygen gas molecule to be 482 m/s, calculate the average speed of a Cl2 molecule at 25 oC.

5.
He balloon, 3X

6.  100 g/mol)

7.  1.04:1
8.  324 m/sec

Gas Laws: Comprehensive Review

1.
Pressure Measurement:  Draw pictures of the mercury levels when there is NO gas in the bulb;  when there is enough gas to produce a pressure of 150 mm Hg;  when there is enough gas  for 300 mm Hg; enough for 760 mm Hg; and for 900 mm Hg for a:


a.  closed-end manometer


b.  open-ended manometer with the air pressure equal to 770 mm Hg.

2.
Boyle's Law:  What pressure is needed to reduce 24. mL of a gas, at 770. mm Hg pressure, to 60.0 mL?

3.
Charles' Law:  At 27 oC, a gas occupies 90.0 mL.  What volume will be occupied at 42 oC?

4.
Combined Law:  Correct to  STP - 1 000. mL of a gas at -25.0 oC and 700. mm Hg.

5.
Combined Law:  A gas measures 400.0 mL at 25 oC and 800.0 mm Hg pressure.  To what temperature, in oC, must the gas be cooled, if the pressure drops to 740.0 torrs and the volume drops to 350.0 mL?

6.
Dalton's Law & Ideal Gas Law:  Calculate the pressure of 2.00 grams of C2H6 gas and 3.00 grams of CO2 gas, contained in a 3.00 liter flask at 50.0 oC.

7.
Ideal Gas Law:  An electronic vacuum tube is sealed off at a pressure of 0.000012 atmosphere, and a temperature of 27.0 oC.  If the tube volume is 100.0 mL, how many molecules of gas are remaining in the tube?

8.
Determine the volume of 11.0 grams of N2O(g) at STP.

9.
Determine the density  (grams/liter) of H2S gas at 27 oC and 2 atmospheres.

Miscellaneous Questions: 

10.
At  STP, what weight of hydrogen could be held in a container that can hold 


a   4.5 grams of helium at   STP






b.  4.5 grams of helium at 25 oC, and 102. kPa. ?

11.
18.0 liters of O2(g) are to be prepared at 22 oC and 1.00 atmosphere pressure.  How many grams of KClO3 must be decomposed?

12.
40.0 mL of O2(g) were collected by water displacement.  The levels were equalized and the air pressure read as 730.0 torr.  If the water vapor pressure was 19.8 torr, same temperature, what volume would the "dry"  oxygen gas occupy at standard pressure, if the temperature does not change?

13.
50.0 mL of N2(g) are collected by water displacement at a temperature of 25 oC and an atmospheric pressure of 720. mm Hg.  The water vapor pressure is 23.8 mm Hg.  Correct the volume of the "dry"  nitrogen to STP.

14.
A sample of nitrogen gas is collected in a 100.0 mL container at a pressure of 688 mm Hg and a temperature of 565 oC.  How many grams of nitrogen gas are present in this sample?

15.
What is the molar mass of a gas that has a density of 1.52 g/L at STP?

16.
Graham's Law of Diffusion:  Which gas will effuse faster?  Why?  Explain!


a.  CH4 vs. SO2


b.  N2 vs.  N2O

c. CO2 vs. C2H6   

17.
A gas of unknown molecular mass is allowed to effuse through a small opening under constant pressure conditions.  It required 72 seconds for 1 L of the gas to effuse.  Under identical experimental conditions it required 28 sec. for 1 L of O2 gas to effuse.  Calculate the molecular mass of the unknown gas.  
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