Chem 111 	              Gases Exam Practice Problems	
[bookmark: _GoBack]Exam Practice Problems- Dalton’s Law, Soichiometry, KTG, and Real Gases (Solutions)



Useful Conversions and Constants:

Pressure units:  1 atm = 760 torr = 760 mmHg = 1.01325  105 Pa


Gas constants:  “Gas R”  		“Energy R”  


Energy Conversions:            101.325 J = 1 L atm




1.  A certain flask contains 3 gases that have a total mass of 2.30 g.  The flask contains 25.2 % Cl2 (g), 33.3 % Ar (g), and 41.5 % Ne (g) by mass.  How many moles of each gas are in the flask?

Solution:  First, the mass of each gas in the mixture must be calculated, so this value can be converted to moles of each gas.

For Cl2:     

For Ar:     

For Ne:    	     CHECK:  Do these all add up to 2.30 g?

Convert the mass of each gas to moles.

For Cl2:   

For Ar:   

For Ne:   


2.  A certain flask contains only helium and neon gases.  The gas mixture is 67.3 % helium.  The total pressure of the gases in the flask is 825 Torr, and the total mass of all gases is 3.10 g.  What is the partial pressure for each gas in the flask?

Solution:  First, the mass of each gas in the mixture must be calculated, so this value can be converted to moles of each gas.  The mixture contain 67.3% He.  The percentage of Ne gas is 100  67.3% = 32.7%

For He:     

For Ne:    	     CHECK:  Do these all add up to 3.10 g?

Convert the mass of each gas to moles. so the mole fraction for each gas can be calculated.

For Ar:   

For Ne:   

Calculate the total number of moles of gas, and then calculate the mole fraction () for each gas.  

ntot = 0.5213 + 0.05023 = 0.5715

Mole fractions ():

Mole fraction of He:  

Mole fraction of Ne:  

CHECK:  Do these add up to a number really close to 1?  Why should this be verified?


Finally, calculate the partial pressure of each gas in the mixture.

For He:     

For Ne:     

CHECK:  Do these all add up to the total pressure (825 torr)?  Why should this be verified?




3.  The total pressure for a mixture of N2, NO2, and O2 contained in a vessel is 2.55 atm.  The total mass of all of the gases in the vessel is 0.50 g.  If the mixture was found to be 18.0 percent N2, 31.3 percent NO2, and 50.7 percent O2 by mass, what is the partial pressure of each gas in the mixture?

Solution:  First, the mass of each gas in the mixture must be calculated, so this value can be converted to moles of each gas.
For N2:     

For NO2:     

For O2:     	     CHECK:  Do these all add up to 0.50 g?

Convert the mass of each gas to moles, so the mole fraction for each gas can be calculated.

For N2:   

For NO2:   

For O2:   

Calculate the total number of moles of gas, and then calculate the mole fraction () for each gas.  

ntot = 0.00321 + 0.00340 + 0.00792 = 0.01453

Mole fractions ():

Mole fraction of N2:  

Mole fraction of NO2:  

Mole fraction of O2:  	

CHECK:  Do these all add up to 1?  Why should this be verified?

Finally, calculate the partial pressure of each gas in the mixture.

For N2:     

For NO2:     

For O2:     	

CHECK:  Do these all add up to the total pressure (2.55 atm)?  Why should this be verified?

4.   a)  A 17.84 L container contains 23.2 g oxygen and 53.1 g sulfur dioxide and exerts a total pressure of 2.13 atm at 25C.  Calculate the partial pressure and mole fraction of sulfur dioxide.


Calculate the moles of O2 (0.725 mol) and the moles of SO2 (0.829 mol).  

The mole fraction of SO2 is 0.829/(0.725+0.829) = 0.533.             

The partial pressure of sulfur dioxide P=XPT = 0.533(2.13atm) = 1.14 atm.  

(Note:  slightly more than half the moles are sulfur dioxide, and thus the partial pressure of sulfur dioxide is slightly more than half the pressure.  You should consider the reasonableness of your answer, at least whenever you can.)    

b)  Half the oxygen is removed from the system in part a.  Assuming that the volume and temperature remain constant, calculate the new total pressure for this system (in atm).

Using the ideal gas law, we can calculate the total pressure of the system using the total moles of gas present.  (Remember, the identity of the gas does not matter for ideal gases, only the total number of moles present.)



c)  What is the mole fraction of SO2 in this new system?  

Oxygen has half the moles it had, or 0.3625 mol, so there are now only 1.1915 moles of gas in the container (total).

The new mole fraction of SO2 is
XSO2 = n/nT =  0.829/(0.3625+0.829) =  0.696  

d)  Calculate the partial pressure (in atm) of sulfur dioxide for the new system in part b (i.e., after half of the O2 is removed).  

PSO2 = XSO2 Ptot = 0.696 (1.633 atm) = 1.14 atm 

e)  In two complete sentences, explain the result that you calculated for part d in terms of Dalton’s law.  Be sure to compare the mole fraction of SO2 and total pressure for the original system and the new system (in part b) in your answer.


The partial pressure of sulfur dioxide hasn’t changed!  Remember, Dalton’s law states that each gas behaves as if it were the only one in the container.  

Its mol fraction changed because the total number of moles has changed, but the total pressure also changed because the amount of oxygen has changed.


5.  For the reaction:  NH3 (g)  + HCl (g)    NH4Cl (s)

a)  Calculate the mass of NH4Cl that will be produced if 15.0 mL of ammonia at 30.0oC at a pressure of 1.00  102 Torr is mixed with 25.0 mL of hydrogen chloride gas at P = 1.50  102 Torr and 25 C.



		



		

		NH3 is limiting reagent


		

mass NH4Cl = nNH4Cl  MM NH4Cl = (7.94 10-5 mol NH4Cl) (53.49 g/mol) 

   = 4.25  10-3 g NH4Cl

b)	Identify the gas in excess and determine the pressure of the excess gas at 27 C after the reaction is complete (in the combined volume of the original two flasks).

There will be (2.02  10-4 mol – 7.94  10-5 mol) = 1.23  10-4 mol HCl left over after the reaction is complete.  

The combined volume of the original two flasks is (25.0 mL + 15.0 mL) = 40.0 mL

Use the ideal gas law to determine final pressure of excess gas.



6.  Two identical flasks are each filled with a gas at 0ºC.  One flask contains 1 mol CO2 and the other 1 mol Ne.  

a)  In which flask do the particles have a greater average velocity? (Hint:  Think about the average kinetic energy at a given temperature and the mass of each gas in the two systems.)

	For a given temp, Ek is the same;		Therefore, avg Ek (CO2) = avg Ek (Ne)


		     avg     

		     

			Therefore,  the avg velocity of Ne molecules > avg velocity of CO2 molecules 


b)  In which flask do the particles have more collisions per second with the walls of the container?  (Hint:  Think about the average velocity, the average kinetic energy at a given temperature, and the mass of each gas in the two systems.)

	# of collisions with the wall is proportional to <v>  the average velocity of the molecules
												Next page
RECALL:  For a given temp, Ek is the same;		Therefore, avg Ek (CO2) = avg Ek (Ne)


		     avg     

		     

			Therefore,  the avg velocity of Ne molecules > avg velocity of CO2 molecules 

		 (# of collisions with wall per sec)Ne  >  (# collisions with wall per sec)CO2	


7.  Calculate the (molar) kinetic energy (in J) of Kr (g) at 

a)	55.85 ºC 

55.85 + 273 = 328.85 K

		Ek = (3/2)RT       for a monatomic gas

		     = (3/2)(8.314 J/mol K)(328.85 K)  = 4103.2 J/mol

b)	54.85ºC 

54.85 + 273 = 327.85 K

		Ek = (3/2)RT

		     = (3/2)(8.3145 J/mol K)(327.85 K)

		     = 4090.7 J/mol


c)	Calculate the difference in (molar) kinetic energy between the two temperatures (E)

E = 4103.2 – 4090.7 J/mol  = 12.5 J/mol  


8.  Calculate the root mean square speed of methane (CH4) and propane (C3H8) at –20ºC.  Compare the vrms speed of the two molecules, and provide a reason for this difference.
Root-mean-square speed		, where M is the molar mass

a)	CH4
Solution:  –20ºC + 273 = 253 K
						M = 12.01 + 4(1.0078) = 16.04 g/mol			










b)	C3H8

		M = 3(12.01) + 8(1.0078) = 44.09 g/mol

















The root mean square speed of C3H8 is lower than CH4.  This is due to the heavier mass of C3H8.

9.  Use the van der Waals equation for real gases to calculate the pressure at 298 K exerted by 1.00 mol CO2 when confined in a 50 mL flask.  The van der Waals constants for CO2 are:

				a = 3.640 ,  b = 4.267 x 10-2  L/mol

50.0 ml = 0.050 L

Using van der Waals:


		a = 3.640 ,  b = 4.267 x 10-2  L/mol


		




		

P = 1880 atm


10.  a)  80.0 g CCl4 is placed in a 65.00-L vessel at − 15°C.  Calculate the pressure of the gas (in Torr).  (Assume that the gas is behaving ideally.)

SOLUTION:  	PV = nRT			










b)  A student studying the same 80.0 g sample of CCl4 gas from part a suspected that it might be misbehaving (i.e., acting like a real gas).  Calculate the pressure of the gas by treating it as a real gas, instead of an ideal one.  
The appropriate constants for CCl4 are:    and   


      (127.7 Torr)
c)  (3 pts)  State whether the gas was behaving ideally or not, based on your calculations.  Please include a brief statement to justify your answer. 

The gas was behaving ideally:	YES	NO	either is acceptable based on justification

Brief justification: The pressure calculated using the van der Waals equation is nearly the same as that calculated using the Ideal Gas Law.  Therefore, the gas is behaving ideally.
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Useful Conversions and Constants:


 


 


Pressure units:


  


1 atm = 760 torr = 760 mmHg = 1.01325 


´


 


10


5
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Gas constants:


  


“Gas R”  


??


=


0


.
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“Energy R”
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Energy Conversions:


    


1


 


J


=


1


kg


 


m


2


s


2


        


101.325 J = 1 L atm


 


 


 


 


 


1.


  


A certain flask contains 3 gases that 


have a 


total mass of 2.30 g.


  


The flask contains 25.


2


 


% Cl


2


 


(g), 


33.3 % Ar


 


(g)


, and 


41.5 % Ne (g)


 


by mass


.


  


How many moles of each gas 


are in the flask?


 


 


Solution:  First, the mass of each gas in the mixture must be calculated, so this value 


can 


be converted 


to moles of each gas.


 


 


For Cl


2


:     


?


0.252


?


?


2.30 g


?


=0.5796 g 


Cl


2


 


 


For Ar:     


?


0.333


?


?


2.30 g


?


=0.7659 g Ar


 


 


For Ne


:    


?


0.415


?


?


2.30 g


?


=0.9545 g N


e


 


     


CHECK:  Do these all add up to 


2.3


0 g?


 


 


Convert the mass of each gas to moles


.


 


 


For Cl


2


:   


0.5796 g 


Cl


2


= 


?


1 mol 


Cl


2


70.9 g 


Cl


2


?


=0.00817 mol 


Cl


2


 


 


For 


Ar


:   


0.7659 g Ar= 


?


1 mol Ar


39.948 g Ar


?


=0.0192 mol Ar


 


 


For 


Ne


:   


0.9545 g Ne= 


?


1 molNe


20.180 g Ne


?


=0.0473 


mol Ne


 


 


 


2


.


  


A certain flask contains


 


only helium and neon gases.  The gas mixture is


 


67.3 % helium. 


 


The total 


pressure of the gases in the flask is 


825 Torr, and the total mass of all gases is 


3


.


1


0 g.


  


What is the 


partial pressure for each gas in the flask?
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