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Chapter 11 Gases


Units of pressure:


1 standard atmosphere = 1 atm






  = 760 mmHg






  = 760 torr






  = 101325 Pa = 101.325 KPa


Gas Laws:

Boyle’s Law:





Pressure ( 1/Volume

                           P ( 1/V




PV = constant

Exercise 1:

For sulfur dioxide SO2:


P1 = 5.6 x 103 Pa
V1 = 1.53 L

P2 = 1.5 x 104 Pa      
V2 = ?

Answer:

PV = constant




(
P1V1 = P2V2



(
V2 = P1V1/P2
                                = (5.6 x 103 Pa)/(1.5 x 104 Pa) x 1.53 L





     = 0.57 L

Charles’s Law:

                         
Volume ( Temperature

                           V ( T




V/T = constant

where, T is temperature in Kelvin

Exercise 2:

A sample of gas at 1 atm has:


V1 = 2.5 L


T1 = 15oC

V2 = ?      


T2 = 38oC

Answer:

V/T = constant




(
V1/T1 = V2/T2



(
V2 = V1T2/T1
                                = (2.58 L x 311 K)/(288 K)





     = 2.79 L

Avogadro’s Law:

                 Volume ( number of moles

                           V ( n



      V/n = constant

Exercise 3:

For a sample of O2 gas at 1 atm and 25oC:


                                  V1 = 12.2 L

n1 = 0.50 mol

If all O2 were converted to ozone O3 at the same temperature and pressure, what would be the volume of ozone (V2)?

Answer:






3O2(g) ( 2O3(g) 

                    3 mol of O2 = 2 mol of O3
               0.50 mol of O2 = (?) n2 of O3
                                   n2 = (0.50 mol x 2 mol)/(3 mol)

                                       = 0.33 mol of O3
    V/n = constant



   (
  V1/n1 = V2/n2

           (         V2 = (V1/n1)(n2)

                             = (12.2 L / 0.50 mol) x (0.33 mol)




           = 8.1 L

The Ideal Gas Law:


Boyle’s Law:
     V ( 1/P

Charles’s Law:
     V ( T

Avogadro’s Law:   V ( n

Combining the three laws gives the ideal gas law:





V ( nT/P




V = RnT/P



  ( 
PV = nRT 
   (ideal gas law)

where, R is called universal gas constant and


       
   
R = 8.314 J mol-1K-1
                        
   = 0.08206 atm L mol-1K-1
Remember:





PV = constant





V/T = constant





PV/T = constant

Exercise 4:

For a sample of diborane gas (B2H6):

P1 = 345 torr
t1 = -15oC
(258 K)     
V1 = 3.48 L  

P2 = 468 torr
t2 = 36oC
 (309 K)    
V2 = ?  

Answer:

PV/T = constant




(
P1V1/T1 = P2V2/T2



(
V2 = P1V1T2/ P2T1




     = 3.07 L

Exercise 5:

A sample containing 0.35 mol argon gas at a temperature of 13oC and a pressure of 568 torr is heated to 56oC and pressure of 897 torr. Calculate the change in volume.

Answer:





PV = nRT 





V1 = nRT1/P1 = 11 L





V2 = nRT2/P2 = 8.0 L





(V = V2 – V1 = (8.0 -11) L

                                          = -3 L


At a standard temperature (0oC) and pressure (1 atm) STP, one mole of an ideal gas occupies the volume of 22.42 liters:





PV = nRT  





V = nRT/P 

            = (1.00 mol)(0.08206 L atm K-1 mol-1)(273.2 K)/(1.00 atm) 

            = 22.42 L


Exercise 6:


A sample of nitrogen gas has a volume of 17.5 L at STP. How many moles of N2 are present?


Answer:

1 mol = 22.42 L





? nN2  = 17.5 L




(        nN2 = 17.5/22.42 = 7.81 x 10-2 mol N2
Exercise 7:

Quicklime (CaO) is produced by the thermal decomposition of calcium carbonate (CaCO3). Calculate the volume of CO2 at STP produced from the decomposition of 152 g CaCO3 by the reaction: CaCO3(s) ( CaO(s) + CO2(g)

Answer:

nCaCO3 =  nCO2 = 152 g/100.09 g mol-1
 



  = 1.52 mol





1 mol = 22.42 L



             1.52 mol = ? VCO2


  
   (  
  VCO2 = (1.52 mol x 22.42 L)/1 mol 

 = 34.1 L  CO2
Exercise 8:

A sample of methane (CH4) gas having a volume of 2.80 L at 25oC and 1.65 atm was mixed with a sample of oxygen (O2) gas having a volume of 3.50L of 31oC and 1.25 atm. The mixture was then ignited to form carbon dioxide (CO2) and water (H2O). calculate the volume of CO2 formed at a pressure of 2.50 atm and temperature of 125oC 

Answer
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From balance equation:


1 mol CH4 = 2 mol O2

(
nO2 = 0.189 x 2 = 0.378 mol O2 
· O2 is limiting reaction and 

· No2 = nCO2 = 0.189 mol


(
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Molar Mass of a gas:
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Exercise 9:

The density of a gas was measured at 1.50 atm and 27oC and found to be 1.95g/L. Calculate the molar mass of the gas g/mol.

Answer:
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Note that: 
  Density is usually given in g/cm3 (or g/mL) but in such problems must be in g/L (R is in L)

Dalton’s Law of partial pressures
For a mixture of gases in a container, the total pressure exerted is the sum of pressures that each gas would exert if it were alone i.e. (partial pressure):

     PTotal = P1 + P2 + P3 + …..




But
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Mole fraction:

It is the ratio of the number of moles of a given component in mixture to the total number of moles in the mixture.


[image: image13.wmf].....

2

1

1

1

1

+

+

=

=

n

n

n

n

n

X

Total





[image: image14.wmf].....

....

)

/

(

)

/

(

)

/

(

3

2

1

1

2

1

1

1

1

+

+

+

=

+

+

=

=

P

P

P

P

RT

RV

P

RT

V

P

RT

V

P

n

n

X

Total





[image: image15.wmf]Total

P

P

X

1

1

=

      and

[image: image16.wmf]Total

P

P

X

2

2

=


Exercise 10:

Mixtures of the helium and oxygen are used in scuba diving tanks to help prevent “the bends”. For a particular dive, 46L He at 25oC and 1.0 atm and 12L O2 at 25oC and 1.0 atm were pumped into a tank with a volume of 5.0L. calculate the partial pressure of each gas and the total pressure in the tank at 25oC.

Answer:
n = PV/RT
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In the tank:
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PTotal = PHe + PO2 = 9.3 + 2.4 = 11.7 atm

Note that:


(
The mole fraction has no units (it is a ratio)

(
X1 + X2 + …. Xn = 1

(
Mole fraction x 100 = %    (percent)

Exercise 11:

The partiale pressure of oxygen was observed to be 156 torr in air with a total atmospheric pressure of 743 torr. Calculate the mole fraction of O2 present.

Answer:
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Exercise 12:

The mole fraction of nitrogen in the air is 0.7808. Calculate the partial pressure of N2 in air when the atmospheric pressure is 760 torr.

Answer:



XN2 = PN2/PTotal
(
PN2 = XN2 x PTotal = 0.7808 x 760 torr 

                        = 593 torr

Gas Collection over water:

Exercise 13:

A sample of solid potassium chlorate (KClO3) was heated in a test tube and decomposed by the following reaction:


2KClO3(s) ( 2KCl(s) + 3O2(g)

The oxygen produced was collected by displacement of water at 22oC at a total pressure of 754 torr. The volume of the gas collected was 0.650L, and the vapor pressure of water at 22oC is 21 torr. Calculate the partial pressure of O2 in the gas collected and the mass of KClO3 in the sample that was decomposed.

Answer:

[image: image23.wmf]torr

torr

P

P

P

P

O

O

H

O

Total

754

21

2

2

2

=

+

=

+

=



(

[image: image24.wmf]torr

P

O

733

21

754

2

=

-

=





[image: image25.wmf]RT

V

P

n

O

O

/

2

2

=





[image: image26.wmf]atm

atm

P

O

964

.

0

)

760

/

733

(

2

=

=





[image: image27.wmf]K

T

295

273

22

=

+

=





[image: image28.wmf]mol

K

molK

atm

L

L

atm

n

O

2

10

59

.

2

)

295

)(

/

.

08206

.

0

)

650

.

0

)(

964

.

0

(

2

-

C

=

=


From equation: 
2mol KClO3 = 3 mol O2



(?) nKClO3 = 2.59 X 10-2 mol O2
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m = n x MM = 1.73X10-2 x 122.6 = 2.12g KClO3
(At pressures of less than 1 atm most gases closely   

 approach ideal gas behavior)

Exercise 14:

Calculate root mean square velocity for the atoms in a sample of He gas at 25oC.

Answer:      
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               R = 8.3145 J/K mol
and
J = Kgm2s2

              MM = 4.00 X 10-3 Kg/mol
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Based on kinetic theory of gases:
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Effusion:

Rate of effusion of gas 1
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Real Gases:




PV = nRT 

ideal gas

(1) 

Two assumptions were made for an ideal gas:

1. 
Volume of the gas particles is zero 

This is not true for real gases in which particles occupy finite volumes: 
Videal < Vreal

         corrected volume = V – nb


(2)


2. 
No interactions between particles 

This is not true for real gases in which particle repel and attract each other:
Pideal > Preal


       corrected pressure = 
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Van der Waals equation.


Note:    Real gas approach ideal gas behavior at:

1.
Low pressures
    2.
High temperatures
Chem 101 Chapter 5: Selected Old Exams Questions:

(All correct answers are A):

1.
When 8.0 g of solid potassium chlorate (KClO3) are completely decomposed by heating to solid potassium chloride (KCl) and oxygen, the number of moles of oxygen gas (O2) produced is


A.
12 moles
B.
3.0 moles
C.
6.0 moles


D.
8.0 moles
E.
4.0 moles


Reaction equation:


2 KClO3 ( 2 KCl + 3 O2

Since 8.0 mol of KClO3 is decomposed, we multiply by 4 and get


8 KClO3 ( 8 KCl + 12 O2

Thus the decomposition of 8.0 moles of KClO3 produces 12 moles of O2.

2.
Calculate the root mean square speed for the molecules in a sample of N2 gas at 25.0 oC.


A.
5.15 x 102 m/s


B.
51.2 x 102 m/s


C.
149. x 102 m/s


D.
2.66 x 102 m/s


E.
16.3 x 102 m/s

Average atomic weight of N: 14.01 g/mol, 

MM(N2) = 28.02 g/mol = 28.02 x 10-3 kg/mol 

(needed, because J contains kg, not g). Equation for urms:
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3.
A 500. mL flask containing a gas was connected to one arm of a mercury mano​meter. The other arm of the manometer was open to an atmospheric pressure of 754. mmHg. If the mercury in the arm connected to the flask was higher than in the arm connected to the atmosphere by 21.2 mm, calculate the pressure in the flask (1 atm = 760 mmHg).


         A.
0.964 atm

B.
0.992 atm

C.
1.00 atm


         D.
1.02 atm

E.
1.06 atm

Since the mercury in the arm open to the flask is higher than in the arm open to the atmos​phere, the pressure in the flask is lower than that of the atmosphere.


Thus: P = (754. - 21.2) mmHg x (1 atm/760 mmHg) = 0.964 atm

4.
A sample of 18.16 g propane gas (C3H8) was mixed with excess oxygen gas and then ignited to form carbon dioxide and water. Calculate the volume of CO2 produced at a pressure of 8.00 atm and a temperature of 2.20 o. Assume ideal gas behavior.


A.
3.49 L

B.
0.162 L 

C.
0.287 L


D.
0.326 L

E.
1.16 L


Reaction equation: C3H8(g) + 5 O2 (g, excess) ( 3 CO2(g) + 4 H2O(l)


MM(C3H8) = (3 x 12.01 + 8 x 1.008) g/mol = 44.11 g/mol, 


T = (273.25 + 2.20) K 


Thus:
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Then the ideal gas equation gives
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5.
For an ideal gas, which variables are INVERSELY proportional to each other (if all other conditions remain constant)?


Ideal gas equation (to be memorized): PV = nRT, and thus


A. V, P


(V = nRT/P; V inversely proportional to P)


B. P, T


(P = nRT/V; P directly proportional to T)


C. V, T 


(V = nRT/P; V directly proportional to T)


D. n, V 


(n = PV/RT; n directly proportional to V)


E. n, P


(n = PV/RT; n directly proportional to P if 






  all others constant)

6.
The partial pressure of CH4(g) is 0.175 atm and that of O2(g) is 0.250 atm in a mixture of the two gases. If the mixture occupies a volume of 10.5 L at 65.0 oC, how many moles of gas are present in the mixture?


A. 0.161 mol

B. 0.182 mol

C. 0.275 mol


D. 0.388 mol

E. 0.401 mol
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7.
How far would an UF6 molecule travel in one minute if it does not    

           collide with other molecules or the container wall at 100 oC?


A.
9.76 m

B.
30.6 m

C.
15.1 km


D.
163 m


E.
308 km
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T = (273.15 + 100) K = 373.15 K, molar mass in kg/mol, because J containes kg
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27
distance: x = 162.6 m/s x 60 s = 9756 m = 9.76 km, thus answer A is correct.

8.
The mole fraction of He gas in a mixture of 5.0 L of O2 gas and 20. L of He gas at 20 oC and 1 atm is



A.
0.80


B.
0.25


C.
0.75



D.
0.50


E.
0.20

The number of moles, n, in a gas is n=PV/RT, where ideal gases in a mixture behave like PV=nRT hold for each one separately, T = 293.15 K. Thus
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Then the mole fraction of He is
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Thus answer A is correct.

9.
A balloon contains initially 22.4 L of a gas at 0.00 oC and 1.00 atm. What is the number of moles of the gas to be added into the balloon to inflate it to a volume of 60.0 L at 0.00 oC and a pressure of 1.50 atm?


A.
3.02 mol

B.
1.68 mol

C.
2.68 mol


D.
4.02 mol

E.
4.36 mol


There are no changes in T = 273.15 K. From PV=nRT we have 


PiVi/ni = PfVf/nf = RT, where i denotes initial and f denotes final. Thus the number of moles in the final state is
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Since 22.4 L is the molar volume of an ideal gas at STP (0.00 oC, 1.00 atm) we have ni = 1.00 mol:
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Thus the number of moles to be added is Δn = nf - ni = (4.02 - 1.00) mol = 3.02 mol


The correct answer is A.

10.
Given 100 L of O2 gas at


I.
1 atm and 20 oC


II.
500 atm and 20 oC


III.
500 atm and 30 oC


IV.
1 atm and 30 oC


Under which conditions will it have the least ideal behavior?


A.
II only
B.
III only
C.
I and IV


D.
IV only
E.
I only

A gas behaves most ideal at high T and low P, and thus least ideal at low T and high P. Highest P and lowest T is condition II and thus A is correct.

11.
Given the reaction


CH4(g) + 2 O2(g) ( CO2(g) + 2 H2O(g)


how many L of CO2(g) are produced at 400 oC and 0.50 atm when 50 L of CH4(g) are reacted with 200 L of O2(g) at the same temperature and pressure?


A.
50. L


B.
67.5 L

C.
125. L


D.
200. L
           E.
480. L


The ideal gas equation gives the numbers of moles of each gas:
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Limiting reactant calculation: 1. if all CH4 could react:
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and 2. if all O2 could react:
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36
Thus CH4, with the smaller amount of CO2 produced, if all could react, is the limting reactant and thus 0.4527 mol CO2 is produced, all CH4 reacts and some O2 is left over.


The ideal gas equation gives the volume of CO2 produced:
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Thus A is the correct answer.

� EMBED Equation.3 ���
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