



                         Chemistry II-AP




                      Gas Laws Problem Set

Solution Set
1.      B
At what temperature (on the Celsius scale) will 5.68 grams of oxygen gas exert a pressure of 335 kPA in a 1.00-liter container?


A) 227;         B) -46.1;         C) -160.;          D) 113;         E) 718;          F) 445;         G) -67.2


                              [335 kPa / (101.3 kPa / 1 atm.)][1.00 L]

PV = nRT     T  =  ----------------------------------------------------   =  227  K   =  -46oC 




 [(5.68 g / 32.0 g/mol)(0.0821L-atm. / mol-K)

2.      A
If a balloon has a volume of 30.0 ml at STP, what will be its volume (in ml) at -75.0oC and 


10.0 inches Hg?


A) 65.1;       B) 32.0;         C) 626;           D) 125;          E) 15.2;         F) 6.05;        G) 82.9


 V1P1       V2P2

       (30.0 mL)(29.92 in.)      (198 K)

                    -----  =  -----         V2   =  -------------------------- x ----------    = 65.10 mL

                     
  T1         T2                                273 K                  10.0 in.

3.      G       If oxygen gas has an effusion rate of 5.00 liters/min from an effusion chamber, what is the molecular weight of an unknown gas if it has an effusion rate of 3.75 liters/min?


A) 28.4;        B) 42.7;         C) 18.0;        D) 24.0;         E) 29.9;        F) 116;      G) 56.9



Rate O2           5.00 L/min    
        M.Wt. X
                    ----------  =     ---------------     =          ----------
         M.Wt. X  =  56.8 g/mol
                    Rate X            3.75 L/min                     32.0 g/mol
4.      D       What is the density (in g/liter) of diphosphorus pentoxide gas at STP?


A) 2.16;       B) 10.79;      C) 1.54;         D) 6.34;        E) 3.25;        F) 8.66;       G) 5.39



(142.0 g/mole)(1 mole / 22.4 L)  = 6.339 g/L
5.      B       A mixture of 2.00-grams of nitrogen gas and 3.25 grams of sulfur trioxide gas are injected into a 4.00-liter container.  The mixture has an equilibrium temperature of 75.0oC.  What is the partial pressure (in atm.) of the nitrogen gas in the vessel?  No reaction takes place between these two gases.


A) 1.38;      B) 0.510;      C) 1.02;        D) 0.872;       E) 0.362;       F) 0.400;       G) 1.58


P  = nRT / V   =  [(2.00 g / 28.0 g/mol)(0.0821)(348 K)] / 4.00 L  = 0.51019 atm.

6.      A       What happens to the mean free path of oxygen gas in the atmosphere with increasing altitude?
A) it increases;     B) it decreases;   C) it remains constant

7.      A       According to the kinetic molecular theory of gases the average speed of the molecules of a given gas is proportional to the:

     A) the square root of the absolute temperature;        

B) the absolute temperature squared;        C) the absolute temperature;     D) volume of the container;       E) reciprocal of the absolute temperature.









                                        3RT



KE  =  ½ mv2      urms   =         -------------






   M.Wt

8.  
Explain why (BRIEFLY!) at low temperatures real gases deviate from ideal behavior, knowing that the pressure factor is more significant than the volume factor.


At low temperatures, the IMF become a factor, causing the number of collisions to decrease, thus decreasing the observed pressure.
 9.      D       Which of the following is not a property of a gas under normal conditions?


A) flows easily;      B) compressible;       C) completely fills its container;      D) high density.

10.      A     The pressure of a gas is measured using a U-shaped manometer.  The height of the mercury in the manometer is 13.0 cm on the side connected to the gas sample and 26.0 cm on the side open to the atmosphere.  Atmospheric pressure is 752 torr.  What is the pressure (in torr) of the gas sample?
  A) 882;      B) 765;      C) 752;      D) 622;     E) 739;       F) none of these.



Pgas > Patm    Pgas   = 752 + 130  =  882 torr
11.      B     Which of the following statements is true according to the Kinetic Molecular Theory?


A) Gravitational forces act upon gas particles.


B) Average kinetic energy of gas particles is proportional to absolute temperature.


C) Gas particles exert forces upon each other.


D) Gas particles have measurable volumes.


E) both B and C are true statements.

12.      F     If it takes 10.0 liters of neon gas 23.0 seconds to pass through an effusion tube, how many seconds does it take for the same quantity of xenon gas to effuse?


A) 46;       B) 93;        C) 128;       D) 50.0;         E) 26.6;        F) 58.6;     G) 88.2.



 
 Time Xe               X

        131.3 g/mol
                       ----------   =  ------------   =         ----------------          X  = 58.6 sec

                       Time Ne         23.0 sec
         20.2 g/mol

13.   34.5 L
In the combustion of 0.200 moles of pentane gas at 100oC and 675 mm Hg in an excess of oxygen gas, how many liters of carbon dioxide gas can be generated?



C5H12   +  8 O2   (     5 CO2   +  6 H2O


0.200 mol      (          1.00 mol



V  = nRT / P    =  [(1.00 mol)(0.0821)(373 K)] / (675/760)

   

    = 34.479 L

14.   6.39 L     A student is doing an experiment in which hydrogen gas is collected by volume displacement of water.  The barometer reads 744 mm Hg and the temperature of the gas is 23.0oC.  The aqueous vapor pressure is 21.1 torr at 23.0oC.  If the student starts with 0.2500 moles of solid zinc and reacts the zinc with an excess of concentrated hydrochloric acid, what is the actual volume (in ml) of hydrogen that should be collected [not the volume of dry gas]?





 [(0.250 mol)(0.0821)(296 K)] 


V  = nRT / P    =  -------------------------------






[(744 - 21.1)/760]
   

    = 6.39 L
15.    D        The conditions of a confined gas are changed.  It is observed that the pressure is higher, but the molecules hit the walls of the container with the original force.  Which is true?


A) The temperature is the same, but the volume is larger.        P  =  F / A

B) The temperature and the volume are the same.


C) The temperature is higher, but the volume is the same.
PV  = nRT

D) The temperature is the same, but the volume is smaller.


E) The temperature and the volume are both smaller.

16.    A
A correction must be made for intermolecular attractions at low temperatures.  If 'a' symbolizes this factor, which is the gas law equation that corrects for 'a' for one mole of a gas?


A)  [P +(a/V2)]V = RT;

   B) [P-(a/V2)]V = RT;
       C) P(V-a) = RT


D) P(V+a) = RT;  
E) PV = RT;          F) [P +(aV2)]V = RT;
  G) [P-(aV2)]V = RT  

17.    D
At a given temperature and concentration, which of the following gases would be expected to exert a pressure closest to that calculated using the ideal gas law?


A) NH3;           B) Cl2;            C) HCl;             D) He;            E) Ar;          F) H2O vapor

18.  3.667  
Two gases are run through an effusion chamber.  Gas "A", which has a density of 2.445 g/liter, has a rate of 4.07 moles/min.  What is the effusion rate for gas "B", which has a density of 3.012 g/liter?




Rate B                   X                         2.445 g/L
                        ---------     =    ------------    =           ------------                         X  = 3.667


    Rate A                4.07
  
    3.012 g/L

19.    C6H6
An organic liquid contains 92.3% carbon and 7.7% hydrogen.  Determination of the molecular weight by measuring vapor density produced the following data:  226 ml of the sample weighed 0.573 grams at 100oC and 755 mm.  What is the true, or molecular formula of this hydrocarbon?





92.3 g / 12.0 g/mol              7.7 g / 1.0 g/mol





7.69 mol C  :            7.7 mol H




C1H1  M.Wt  = 13.0 g/mol



True M.Wt  = gRT/PV  = [(0.573 g)(0.0821)(373 K)] / [(755/760)(0.226 L)]





= 78 g/mol   


78 / 13  = 6

20.    F
The molar volume of gaseous neon is greatest at:


A) STP;
    B) 0oC and 2.0 atm;

C) 273oC and 2.0 atm; 
D) 127oC and 2.0 atm;


E) 127oC and 1.0 atm;

F) 227oC and 0.25 atm

21.   troposphere     What is the term for the part of the atmosphere in which we live?

22. transportation & production of electricity     What is the major cause of atmospheric pollution?

23. Five compounds (or groups of compounds) were listed as atmospheric pollutants.  List them.


oxides of sulfur, oxides of nitrogen, oxides of carbon, CFC’s, aerosols
24. Why isn’t atmospheric nitrogen involved in more of the daily chemical reactions in our lives?


The N2 molecule has a triple bond, requiring a large amount of energy in order to break it.  Most normal reactions do not provide enough energy to break this bond.
25. What three gases are classified as “greenhouse gases”?  Why do these have the potential to be harmful to our environment?


water vapor, carbon dioxide, methane
26. What is “photochemical smog”?

Atmospheric gases such as NO2 use the energy of sunlight to convert molecular oxygen (O2) into ozone (O3).
27. What are the two main gases associated with acid rain?  Why are they so damaging?


SO2 and SO3.  [Your book also listed some of the oxides of nitrogen, but because they are not as soluble as the oxides of sulfur, they are not considered to be the “main” gases.]
28. What is ozone?  Why is it so useful to us?  What can cause the depletion of this gas in our atmosphere?


Ozone is O3    It is useful in the upper atmosphere because it filters out the harmful UV radiation.   The use of aerosols, especially those that contain CFC’s can cause it to break down.
29. Calculate the root-mean-square speed for helium at 127oC.


                                 3RT

    3(8.314 J/mol-K)(400 K)


urms   =        --------        =           -----------------------------    =     1579  = 1580 m/sec
                                 M.Wt                          0.0040 kg/mol   

30.   98.9 g  
What is the mass of a sample of argon in a 3-gas system, given the following info:

 
The total pressure is 1750 torr; the number of moles of helium is 0.576 and the mass of oxygen gas is 18.8 grams.  The reaction is contained in a 40.0-liter vessel at a temperature of 35.5oC.




18.8 g O2  = 0.588 mol



ntotal  = PV / RT  = [(1750 / 760)( 40.0 L)] / [(0.0821)(308.5 K)] 
                                          = 3.637 moles




nAr  = 3.637  - 0.588  - 0.576  = 2.47 mol  x 40.0 g/mol  = 98.9 g
Deviations from ideal behavior for nitrogen gas, hydrogen gas, and carbon dioxide gas are shown in the graph.  Ideal gases have a PV/nRT ratio equal to 1.0.
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31.  There are two ways that real gases deviate from ideal behavior.  List them.


1. Collisions are NOT elastic at low temperatures due to IMF.

2.  The volume of the gases is NOT negligible at high pressure.

32.     At high pressures, the PV/nRT ratio of all three gases exceeds 1.0.   Explain this in terms of the kinetic-molecular theory.



We assume the volume of the gas to be equal to the volume of the container, but at high pressure, the available free space for molecular movement is decreased, increasing the number of collisions.  This results in an increase in the observed pressure.
33.     At 600 atm, the PV/nRT ratio of nitrogen is greater than that of hydrogen.  Does this mean that the attraction between nitrogen molecules is greater than that of hydrogen? Justify your conclusion.


Not necessarily.  It simply means  that the N2 molecule is slightly larger.

In fact, N2 does experience greater van der Waals attraction than H2, but this would only be measurable at low temperature - not at high pressure.

_1097916154.bin

