Gases
Understand These Concepts

1.
How gases differ in their macroscopic properties from liquids and solids.

2.
The meaning of pressure and the operation of a barometer and a manometer.

3.
The relations among gas variables expressed by Boyle’s, Charles’s, Gay-Lussac’s and Avogadro’s laws.

4.
How the individual gas laws are incorporated into the ideal gas law.

5.
How the ideal gas law can be used to study gas density, molar mass, and amounts of gases in reactions.

6.
The relation between the density and the temperature of a gas.

7.
The meaning of Dalton’s law and the relation between partial pressure and mole faction of a gas; how 
Dalton’s law applies to collecting a gas over water.

8.
How the postulates of the kinetic-molecular theory are applied to explain the origin of pressure and the gas 
laws.

9.
The relations among molecular speed, average kinetic energy, and temperature.

10.
The meanings of effusion and diffusion and how their rates are related to molar mass.

11.
The relations among mean free path, molecular speed, and collision frequency. 


12.
Why intermolecular attractions and molecular volume cause gases to deviate from ideal behavior at low 
temperatures and high pressures.
13.
How the van der Waals equation corrects the ideal gas law for extreme conditions.

Master These Skills

1.
Interconverting among the units of pressure (atm, mmHg, torr, kPa, psi).

· A geochemist heats a limestone (CaCO3) sample and collects the CO2 released in an evacuated flask attached to a closed-end manometer.  After the system comes to room temperature, the pressure is 291.4 mmHg.  Calculate the CO2 pressure in torrs, atmospheres, psi, and kilopascals.

2.
Reducing the ideal gas law to the individual gas laws.

· Boyle’s apprentice finds that the air trapped in a J tube occupies 24.8 cm3 at 1.12 atm.  By adding mercury to the tube, he increases the pressure on the trapped air to 2.64 atm.  Assuming contant temperature, what is the new volume of the air (in L)?

· A steel tank used for fuel delivery is fitted with a safety valve that opens if the internal pressure exceeds 1.00 x 103 torr.  It is filled with methane at 23°C and 0.991 atm and placed in boiling water 100.°C.  Will the safety valve open?

· A scale model of a blimp rises when it is filled with helium to a volume of 55.0 dm3.  When 1.10 mol of He is added to the blimp, the volume is 26.2 dm3.  How many more grams of He must be added to make it rise?  Assume T and P are constant. 

· A steel tank has a volume of 438 L and is filled with 0.885 kg of O2.  Calculate the pressure of O2 at 21°C.

3.
Applying gas laws to choose the correct chemical equation.
· The piston-cylinder below is depicted before and after a gaseous reaction that is carried out in it at constant pressure: the temperature is 150 K before and 300 K after the reaction.  (Assume cylinder is insulated.)




Which of the following balanced equations describes the reaction?



A2(g)  +  B2(g)  →  2AB(g)


2AB(g)  +  B2(g)  →  2AB2(g)



A(g)  +  B2(g)  →  AB2(g)


2AB2(g)  →  A2(g)  +  2B2(g)

4.
Rearranging the ideal gas law to calculate gas density and molar mass of a volatile liquid.
· To apply a green chemistry approach, a chemical engineer uses waste CO2 from a manufacturing process, instead of chlorofluorocarbons, as a “blowing agent” in the production of polystyrene.  Find the density (in g/L) of CO2 and the number of molecules per liter (a) at STP and (b) at room conditions of 20.°C and 1.00 atm.

· An organic chemist isolates a colorless liquid from a petroleum sample.  She places the liquid in a pre-weighed flask and puts the flask in boiling water, which vaporizes the liquid and fills the flask with gas.  She closes the flask and reweighs it.  She obtains the following data:


Volume of flask = 213 mL

T = 100.0°C

P = 754 torr



Mass of flask and gas = 78.416 g

Mass of empty flask = 77.834 g



Calculate the molar mass of the liquid.

5. 
Calculating the mole fraction and the partial pressure of a gas.

· In a study of O2 uptake by muscle at high altitude, a physiologist prepares an atmosphere consisting of 79 mole % N2, 17% mole 16O2 uptake, and 4.0 mole % 18O2.  ( The isotope 18O will be measured to determine O2 uptake.)  The total pressure is 0.75 atm to simulate high altitude. Calculate the mole fraction and partial pressure of 18O2 in the mixture.

6.
Using the vapor pressure of water to correct for the amount of a gas collected over water.
· Acetylene (C2H2), an important fuel in welding, is produced in the laboratory when calcium carbide (CaC2) reacts with water:   CaC2(s)  +  2H2O(l)  →  C2H2(g)  +  Ca(OH)2(aq)



For a sample of acetylene collected over water, total gas pressure (adjusted to barometric pressure) is 


738 torr and the volume is 523 mL.  At the temperature of the gas (23°C), the vapor pressure of water 


is 21 torr.  How many grams of acetylene are collected?

7.
Applying stoichiometry and gas laws to calculate amount of reactants and products.
· Engineers use copper in absorbent beds to react with and remove oxygen impurities in ethylene used to make polyethylene. The beds are regenerated when hot H2 reduces the copper(II) oxide, forming the pure metal and H2O.  On a laboratory scale, what volume of H2 at 765 mmHg and 225 °C is needed to reduce 35.5 g of copper(II) oxide?

· The alkali metals react with the halogens to form ionic metal halides.  What mass of potassium chloride forms when 5.25 L of chlorine gas at 0.950 atm and 293 K reacts with 17.0 g or potassium?

8.
Using Graham’s law to solve problems of gaseous effusion. 

· If it takes 1.25 min for 0.010 mol of He to effuse, how long will it take for the same amount of ethane (C2H6) to effuse?

· White phosphorus melts and then vaporizes at high temperature.  The gas effuses a rate that is 0.404 times that of neon in the same apparatus under the same conditions.  How many atoms are in a molecule of gaseous white phosphorus?
9.
Using van deer Waals equation and ideal gas equation to determine the difference between a 
sample of ideal gas and real gas.
· Calculate the pressure exerted by 10. g of methane (CH4) in a 2.1 L container at 330 K.   
After 


300 K





Before


150 K








