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Name _______________________________________   Date: ____________ 

 

Pressure and Temperature Conversions 

There are many different units of pressure used in Chemistry. This is an unfortunate situation, but we cannot 

change it. There are two units you must be able to use during our Gases unit. 

  • atmospheres (symbol = atm)   

• kiloPascals (symbol = kPa) 

 

Conversions 

K  =  °C  +  273 

1 atm = 101.3 kPa 

Sample Pressure Conversions  

  Example #1 - Convert 0.875 atm to kPa.     

 

   Solution- 

 

   0.875 atm   x     101.3 kPa    =    88.7 kPa    

              1 atm        

   

 Example #2 - Convert 251.9 kPa to atm.  

  

 Solution- 

 

 251.9 kPa    x      1 atm       =   2.487 atm 

    101.3 kPa       

 

Practice: 

1. Convert 298 K into °C. This is what we call “room temperature” 

 

 

 

2. Express the freezing point water in degrees Celsius and kelvin. 

 

 

 

3. Express the boiling point of water in degrees Celsius and kelvin. 

 

 

 

4. The air pressure inside a submarine is 0.62 atm. What is this pressure in kPa? 

 

 

 

5. A meteorologist gives the atmospheric pressure as 132.01 kPa. What is the atmospheric 

pressure in atm? 
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Name Date:

Pressure and Temperature Conversions
There are many different units of pressure used in Chemistry. This is an unfortunate situation, but we cannot
change it. There are two units you must be able to use during our Gases unit.

• atmospheres (symbol = atm)
• kiloPascals (symbol = kPa)

Conversions

K = oc + 273
I atm= 101.3 kPa

Sample Pressure Conversions

Example #1 - Convert 0.875 atm to kPa.

Solution-

0.875 apfx 101.3kPa — 88.7 kPa

Example #2 - Convert 251.9 kPa to atm.

Solution-

251.9

Practice:

a x I atm

101.3

2.487 atm

l.

2.

3.

4.

5.

Convert 298 K into oc. This is what we call "room temperature"

Express the freezing point water in degrees Celsius and kelvin.

Express the boiling point of water in degrees Celsius and kelvin.

The air pressure inside a submarine is 0.62 atm. What is this pressure in kPa?

A meteorologist gives the atmospheric pressure as 132.01 kPa. What is the atmospheric
pressure in atm?
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Name _______________________________________   Date: ____________ 

 

6. An experiment at Sandia National labs in New Mexico is performed at 99.47 kP (due to 

altitude). What is this pressure in atm? 

 

 

 

 

7. The pressure gauge on a compressed air tank reads 1.998 atmospheres. What is this 

pressure in kilopascals? 

 

 

 

 

 

 

8. A bag of potato chips is sealed in a factory near sea level. The conditions outside are at 

standard temperature and pressure (STP). What is the pressure in atm? What is the 

temperature in kelvin? [Hint: Check your tables] 

 

 

 

9. Convert the following pressure units. 

a. 2.5 atm = __________ kPa   c. 59.31 kPa  = ___________ atm 

b. 12.0 atm = __________ kPa   e. 35.5 kPa = ___________ atm 

c. 30.0 kPa = __________ atm   f. 1.65 atm = __________ kPa 

 

 

10. A bag of potato chips is brought on board an airplane where the cabin pressure is 0.80 atm. 

 

a. Why does the bag appear to be so inflated? 

 

 

 

b. What is the difference in pressure between the air inside of the bag and the air inside 

of the plane? 
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Name
6.

7.

8.

9.

Date:

An experiment at Sandia National labs in New Mexico is performed at 99.47 kP (due to
altitude). What is this pressure in atm?

The pressure gauge on a compressed air tank reads 1.998 atmospheres. What is this

pressure in kilopascals?

A bag of potato chips is sealed in a factory near sea level. The conditions outside are at
standard temperature and pressure (STP). What is the pressure in atm? What is the
temperature in kelvin? [Hint: Check your tables]

Convert the following pressure units.

a.

b.

c.

2.5 atm =

12.0 atm =

30.0 kPa =

kPa

kPa

atm

c. 59.31 kPa -

e. 35.5 kPa=

f. 1.65 atm =

atm

atm

kPa

10. A bag of potato chips is brought on board an airplane where the cabin pressure is 0.80 atm.

a.

b.

Why does the bag appear to be so inflated?

What is the difference in pressure between the air inside of the bag and the air inside
of the plane?
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Name: ____________________________________ Date: _________________ 

Temperature Conversion Worksheet 

 

Convert the following temperatures to Kelvin 

 

 

1)  100o C   ________    6) 0o C   ________    

 

 

 

2)  30 o C   ________    7) -50o C   ________    

 

 

 

3)  540o C   ________    8) 90o C   ________    

 

 

 

4)  -37o C   ________    9) -20o C   ________    

 

 

 

5) -273o C   ________    10) -159 °C ________ 

 

 

    

Convert the following temperatures to Celsius 

 

 

11) 352 K   ________    16) 100 K ________   

 

 

 

12) 45 K   ________    17) 200 K   ________   

 

 

 

13) 373 K   ________    18) 273 K   ________    

 

 

 

14) 0 K   ________    19) 350 K   ________    

 

 

 

15) 90 K   ________    20) 115 K   ________   
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Name: Date:

Temperature Conversion Worksheet

Convert the following temperatures to Kelvin

1) 1000 c

2) 300c

3) 5400 c

4) -370 C

5) -2730 c

6) 00 c

7) -500 c

8) 900 c

9) -200 c

10) -159 oc

Convert the following temperatures to Celsius

11) 352K

12) 45 K

13) 373 K

14) 0K

15) 90 K

16) 100 K

17) 200 K

18) 273 K

19) 350 K

20) 115K

4



Name: ___________________________________________________Date: _____________________ 
Properties of Gases Summary Questions 

 
 
 
 
 
 
 
 
 

1. What is the relationship between pressure and volume? What stations of the activity 
demonstrated this relationship? 
 
 
 
 

2. What is the relationship between temperature and volume? What stations of the 
activity demonstrated this relationship? 
 

 
 
 
 

3. If the number of particles are increased or decreased what happens to the volume? 
What stations of the activity demonstrated this relationship? 
 
 
 

 
 

4. If the number of particles are increased or decreased what happens to the pressure? 
What stations of the activity demonstrated this relationship? 
 

 
 
 
 

5. What is the relationship between pressure and temperature? What stations of the 
activity demonstrated this relationship? 
 
 
 
 

6. In a closed system, if the pressure is increased what happens to the number of 
particles? 
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Name:

Properties of Gases Summary Questions

Date:

1.

2.

3.

4.

5.

6.

What is the relationship between pressure and volume? What stations of the activity

demonstrated this relationship?

What is the relationship between temperature and volume? What stations of the

activity demonstrated this relationship?

If the number of particles are increased or decreased what happens to the volume?

What stations of the activity demonstrated this relationship?

If the number of particles are increased or decreased what happens to the pressure?

What stations of the activity demonstrated this relationship?

What is the relationship between pressure and temperature? What stations of the

activity demonstrated this relationship?

In a closed system, if the pressure is increased what happens to the number of

particles?
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DO NOW 

1. How are temperature and volume related? Explain in terms of particle behavior. 
 
 
 

2. Sketch the graph of this relationship. Place the temperature on the x-axis and the volume on 
the y-axis. What kind of relationship is this? 
 
 
                                                   V 
 
 
        T 

3. Name the law that represents the relationship between temperature and volume. 
 
 

4. How are temperature and pressure related? Explain in terms of particle behavior. 
 
 
 

5. Sketch the graph of this relationship. Place the temperature on the x-axis and the pressure on 
the y-axis. What kind of relationship is this? 

 
 

                                                   P 
 
 
    T   

6. Name the law that represents the relationship between temperature and pressure. 
 

 
7. How are volume and pressure related? Explain in terms of particle behavior. 

 
 
 

8. Sketch the graph of this relationship. Place the volume on the x-axis and the pressure on the y-
axis. What kind of relationship is this? 

 
 
 
                                                   P 
 
 
                                                                      V 

9. Name the law that represents the relationship between volume and pressure. 
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1.

2.

3.

4.

5.

6.

7.

8.

9.

DO NOW

How are temperature and volume related? Explain in terms of particle behavior.

Sketch the graph of this relationship. Place the temperature on the x-axis and the volume on

the y-axis. What kind of relationship is this?

Name the law that represents the relationship between temperature and volume.

How are temperature and pressure related? Explain in terms of particle behavior.

Sketch the graph of this relationship. Place the temperature on the x-axis and the pressure on

the y-axis. What kind of relationship is this?

Name the law that represents the relationship between temperature and pressure.

How are volume and pressure related? Explain in terms of particle behavior.

Sketch the graph of this relationship. Place the volume on the x-axis and the pressure on the y-

axis. What kind of relationship is this?

Name the law that represents the relationship between volume and pressure.
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Name: _________________________________________   Date: _____________________ 
Gas Law Introduction Calculations   Relationships between P,V and T 

The combined gas law is derived by the understanding that pressure, temperature and volume all influence the 

behavior of a gas. 

Please find the combined gas law on Table T and   The following gas laws can be derived from the  
write it in the box below:     combined gas law equation: 
 

- Charles’ Law 
- Boyle’s Law 
- Gay-Lussac’s Law 

 

Please write the correct formula for each of the laws below, using the combined gas law as a guide. Be sure to 

drop the variable (P, V or T) that does not apply to the law: 

•Charles’ Law Formula  •Boyle’s Law Formula   •Gay-Lussac’s Law Formula 

 

 

 

Gas Law Calculations: REMINDER- Temperature MUST be in Kelvin!!!! All initial and final units must be the 
same!! (Ex; pressure for initial and final must both either be atm or kPa.) 

• Solve each of the following problems below using the appropriate gas law formula.  

• Remember!! If pressure, volume or temperature is not mentioned or is held constant, then it will drop 
out of the combined gas law formula. 
 

1. A sample of O2 has a volume of 150. mL at 300. K. If the pressure of the sample is held constant and the 

temperature is raised to 600. K, what is the final volume of the gas? 

 

a) How does temperature change? How should volume change? 

 

 

b) Calculation:                
 
 
 
 
 
 
 

c) Circle which gas law was demonstrated in the problem: 
Charles Law                Boyle’s Law                      
Gay-Lussac’s Law      Combined Gas Law 
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Name:

Gas Law Introduction Calculations

Date:

Relationships between P,V and T

The combined gas law is derived by the understanding that pressure, temperature and volume all influence the

behavior of a gas.

Please find the combined gas law on Table T and

write it in the box below:

The following gas laws can be derived from the

combined gas law equation:

Charles' Law

Boyle's Law
Gay-Lussac's Law

Please write the correct formula for each of the laws below, using the combined gas law as a guide. Be sure to

drop the variable (P, V or T) that does not apply to the law:

•Charles' Law Formula •Boyle's Law Formula •Gay-Lussac's Law Formula

Gas Law Calculations: REMINDER- Temperature MIJST be in Kelvin!!!! All initial and final units must be the

same!! (Ex; pressure for initial and final must both either be atm or kPa.)

1.

Solve each of the following problems below using the appropriate gas law formula.

Remember!! If pressure, volume or temperature is not mentioned or is held constant, then it will drop

out of the combined gas law formula.

A sample of 02 has a volume of 150. mL at 300. K. If the pressure of the sample is held constant and the
temperature is raised to 600. K, what is the final volume of the gas?

a)

b)

c)

How does temperature change? How should volume change?

Calculation:

Circle which gas law was demonstrated in the problem:

Charles Law Boyle's Law

Gay-Lussac's Law Combined Gas Law
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Name: _________________________________________   Date: _____________________ 
Gas Law Introduction Calculations   Relationships between P,V and T 

2. In a rigid container, a gas exerts a pressure of 50.0 kPa at 77°C.What would the pressure be at -98°C? 

 

a) How does temperature change? How should pressure change? 

 

b) Calculation:                        
 

 

 

 

 

 

 

 

 

 

c) Circle which gas law was demonstrated in the problem: 
Charles Law                Boyle’s Law   
Gay-Lussac’s Law      Combined Gas Law 

 

3. Determine the new volume of a gas when 50 mL at 81.0 kPa has its pressure increased to 101.3 kPa? 

 

a) How does pressure change? How should volume change? 

 

 

b) Calculations:    
 
 
 
 
 
 
 
 
                    

c) Circle which gas law was demonstrated in the problem: 
Charles Law                Boyle’s Law                                                                                                               
Gay-Lussac’s Law      Combined Gas Law 
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Name:

Gas Law Introduction Calculations

Date:

Relationships between P,V and T

2.

3.

In a rigid container, a gas exerts a pressure of 50.0 kPa at 770C.What would the pressure be at -980C?

a)

b)

c)

How does temperature change? How should pressure change?

Calculation:

Circle which gas law was demonstrated in the problem:

Charles Law Boyle's Law

Gay-Lussac's Law Combined Gas Law

Determine the new volume of a gas when 50 mL at 81.0 kPa has its pressure increased to 101.3 kPa?

a)

b)

c)

How does pressure change? How should volume change?

Calculations:

Circle which gas law was demonstrated in the problem:

Charles Law Boyle's Law

Gay-Lussac's Law Combined Gas Law
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Name: _________________________________________   Date: _____________________ 
Gas Law Introduction Calculations   Relationships between P,V and T 

4. A gas with a pressure of 2.56 atm is collected and found to fill a 4.73 L container at 35.0°C. What will 

the volume be at 75.0 °C and standard pressure? (standard pressure= _______________) 

   

a) How does the temperature change?                       How does pressure change?  

How should volume change according to the change of pressure and temperature? 

 

 

b) Calculations:                     
 
 
 
 
 
 
 
 
 
     

c) Circle which gas law was demonstrated in the problem: 
Charles Law                Boyle’s Law 

             Gay-Lussac’s Law       Combined Gas Law 
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Name:

Gas Law Introduction Calculations

Date:

Relationships between P,V and T

4. Agas with a pressure of 2.56 atm is collected and found to fill a 4.73 L container at 35.00C. What will

the volume be at 75.0 oc and standard pressure? (standard pressure=

a)

b)

c)

How does the temperature change? How does pressure change?

How should volume change according to the change of pressure and temperature?

Calculations:

Circle which gas law was demonstrated in the problem:

Charles Law Boyle's Law

Gay-Lussac's Law Combined Gas Law

9



Name: ___________________________________________________  Date: ____________________ 

Boyles Law Worksheet 
1. A sample of oxygen gas occupies a volume of 250 ml at 740 torr. What volume will it occupy at 

800 torr? 

 

 

2. A sample of carbon dioxide occupies a volume of 3.50 L at 125 kPa. What pressure would the 

gas exert if the volume was decreased to 2.00 L? 

 

 

3. A 2.0 L container of nitrogen had a pressure of 3.2 atm. What volume would be necessary to 

decrease the pressure to 1.0 atm? 

 

 

4. Ammonia gas occupies a volume of 450. ml at a pressure of 720. mmHg. What volume will it 

occupy at standard pressure? 

 

 

5. A 175 ml sample of neon had its pressure changed from 75 kPa to 150 kPa. What is the new 

volume? 

 

 

6. A sample of hydrogen at 1.5 atm had its pressure decrease to 0.50 atm producing a new 

volume of 750 ml. What was the original volume? 

 

 

7. Chlorine gas occupies a volume of 1.2 L at 720 torr. What volume will it occupy at 1 atm? 

 

 

8. Fluorine gas exerts a pressure of 900 torr. When the pressure is changed to 1.50 atm, its 

volume is 250. ml. What was the original volume? 

Formula: 
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Name:

Boyles Law Worksheet

Date:

Formula:

1.

2.

3.

4.

5.

6.

7.

8.

A sample of oxygen gas occupies a volume of 250 ml at 740 torr. What volume will it occupy at

800 torr?

A sample of carbon dioxide occupies a volume of 3.50 L at 125 kPa. What pressure would the

gas exert if the volume was decreased to 2.00 L?

A 2.0 L container of nitrogen had a pressure of 3.2 atm. What volume would be necessary to

decrease the pressure to 1.0 atm?

Ammonia gas occupies a volume of 450. ml at a pressure of 720. mmHg. What volume will it

occupy at standard pressure?

A 175 ml sample of neon had its pressure changed from 75 kPa to 150 kPa. What is the new

volume?

A sample of hydrogen at 1.5 atm had its pressure decrease to 0.50 atm producing a new

volume of 750 ml. What was the original volume?

Chlorine gas occupies a volume of 1.2 L at 720 torr. What volume will it occupy at 1 atm?

Fluorine gas exerts a pressure of 900 torr. When the pressure is changed to 1.50 atm, its
volume is 250. ml. What was the original volume?
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Name: ___________________________________________________  Date: ____________________ 

Charles Law Worksheet 
1. A sample of nitrogen occupies a volume of 250 ml at 25 °C. What volume will it occupy at 95 °C? 

 

 

2. Oxygen gas is at a temperature of 40 °C when it occupies a volume of 2.3 L. To what 

temperature should it be raised to occupy a volume of 6.5 L? 

 

 

3. Hydrogen gas was cooled from 150 °C to 50 °C. Its new volume is 75 ml. What was its original 

volume? 

 

 

4. Chlorine gas occupies a volume of 25ml at 300 K. What volume will it occupy at 600 K? 

 

 

5. A sample of neon gas at 50 °C and a volume of 2.5 L is cooled to 25 °C. What is the new volume?  

 

 

 

6. Fluorine gas at 300 K occupies a volume of 500 ml. To what temperature should it be lowered 

to bring the volume to 300 ml? 

 

 

7. Helium occupies a volume of 3.8 L at -45 °C. What volume will it occupy at 45 °C? 

 

 

 

8. A sample of argon gas is cooled and its volume went from 380 ml to 250 ml. If its final 

temperature was -55°C, what was its original temperature? 

Formula: 
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Name:

Charles Law Worksheet

Date:

Formula:

1.

2.

3.

4.

5.

6.

7.

8.

A sample of nitrogen occupies a volume of 250 ml at 25 oc. What volume will it occupy at 95 0 C?

Oxygen gas is at a temperature of 40 oc when it occupies a volume of 2.3 L. To what

temperature should it be raised to occupy a volume of 6.5 L?

Hydrogen gas was cooled from 150 oc to 50 oc. Its new volume is 75 ml. What was its original

volume?

Chlorine gas occupies a volume of 25ml at 300 K. What volume will it occupy at 600 K?

A sample of neon gas at 50 oc and a volume of 2.5 L is cooled to 25 oc. What is the new volume?

Fluorine gas at 300 K occupies a volume of 500 ml. To what temperature should it be lowered

to bring the volume to 300 ml?

Helium occupies a volume of 3.8 L at -45 oc. What volume will it occupy at 45 0 C?

A sample of argon gas is cooled and its volume went from 380 ml to 250 ml. If its final

temperature was -550C, what was its original temperature?
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Name: ___________________________________________________  Date: ____________________ 

Gay-Lussac’s Law 

1. A gas confined to a rigid container exerts a pressure of 33.5 kPa at a temperature of 17.0 °C. 

What will the pressure be if it is cooled to a temperature of -23.0°C? 

 

 

 

2. A quantity of gas exerts a pressure of 98.6 kPa at a temperature of 22.0 °C. If the volume 

remains unchanged, what will the pressure be at -8.0°C?  

 

 

 

 

3. High in the mountains, Richard checked the pressure of the air in his car tires and observed that 

they had 202.5 kPa of pressure. That morning the temperature was -19.0°C. Richard then drove 

all day, traveling through the desert in the afternoon. The temperature of the tires increased to 

75.0 °C because of the hot roads. What was the new tire pressure? (assume constant volume). 

 

 

 

 

4. A steel tank contains a gas at 27.0 °C and a pressure of 12 atm. Determine the gas pressure if 

the tank is heated to 100.0 °C. 

 

 

 

5. On a cold winter morning when the temperature is -13.0°C, the air pressure in an automobile  

tire is 1.5 atm. If the volume does not change, what will the pressure be after the tire has 

warmed to 13.0 °C? 

Formula: 
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Name:

1.

2.

3.

4.

5.

Date:

Formula:

Gay-Lussac's Law

A gas confined to a rigid container exerts a pressure of 33.5 kPa at a temperature of 17.0 oc.

What will the pressure be if it is cooled to a temperature of -23.00C?

A quantity of gas exerts a pressure of 98.6 kPa at a temperature of 22.0 oc. If the volume

remains unchanged, what will the pressure be at -8.00C?

High in the mountains, Richard checked the pressure of the air in his car tires and observed that

they had 202.5 kPa of pressure. That morning the temperature was -19.00C. Richard then drove

all day, traveling through the desert in the afternoon. The temperature of the tires increased to

75.0 oc because of the hot roads. What was the new tire pressure? (assume constant volume).

A steel tank contains a gas at 27.0 oc and a pressure of 12 atm. Determine the gas pressure if

the tank is heated to 100.0 oc.

On a cold winter morning when the temperature is -13.00C, the air pressure in an automobile

tire is 1.5 atm. If the volume does not change, what will the pressure be after the tire has

warmed to 13.0 0 C?
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Name: _________________________________________ Date: _____________________ 
Regents Chemistry  Gas Law Calculations Practice 

Pressure Relationships: 
1 atm=101.3 kPa 

STP= standard temperature and pressure. See Table A for values. 
Be sure to state the law used for the calculation as Boyle’s, Charles, Gay-Lussacs or the Combined Gas Law. 

 
1) 2.30 L of a gas is at 0.954 atm of pressure. What is its volume at standard pressure?   

            Law used: _____________________ 
 
 
 
 
 
 

2) 4.35 L of a gas is at 1.16 atm. What pressure is obtained when the volume is 9.3 L? 
          Law used: _____________________ 

 
 
 
 
 
 
 

3) 3.68 L of a gas was at an unknown pressure. However, at standard pressure, its volume was 
determined to be 9.20 L. Solve for the unknown pressure.   Law used: ____________________ 
 
 
 
 
 
 
 

4) A gas is collected and found to fill 4.73 L at 35.0°C. What will be its volume at standard temperature?  
               Law used: _____________________ 
 
 
 
 
 
 

5) 3.00 L of a gas is collected at 35.0°C and 0.928 atm. What is the volume at STP?  
               Law used: _____________________ 
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Name:

Regents Chemistry

Date:

Gas Law Calculations Practice

Pressure Relationships:

1 atm=101.3 kPa

STP= standard temperature and pressure. See Table A for values.
Be sure to state the law used for the calculation as Boyle's, Charles, Gay-Lussacs or the Combined Gas Law.

1) 2.30 L of a gas is at 0.954 atm of pressure. What is its volume at standard pressure?
Law used:

2) 4.35 Lof a gas is at 1.16 atm. What pressure is obtained when the volume is 9.3 L?
Law used:

3) 3.68 L of a gas was at an unknown pressure. However, at standard pressure, its volume was

determined to be 9.20 L. Solve for the unknown pressure. Law used:

4) Agas is collected and found to fill 4.73 Lat 35.00C. What will be its volume at standard temperature?

Law used:

5) 3.00 L of a gas is collected at 35.00C and 0.928 atm. What is the volume at STP?

Law used:
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Name: _________________________________________ Date: _____________________ 
Regents Chemistry  Gas Law Calculations Practice 

6) A gas that has a volume of 28.0 liters, a temperature of 45.0°C, and an unknown pressure has its 
volume increased to 34.0 liters and its temperature decreased to 35.0°C. If I measure the pressure 
after the change to be 2.0 atm, what was the original pressure of the gas? 

Law used: _______________________ 
 
 
 
 
 
 

7) 8.00 L of a gas is collected at 60.0°C. What will be its volume upon cooling to 30.0°C?    
        Law used: ______________________ 
 
 
 
 
 
 
 

8) 5.00 L of a gas is collected at 100 K and then allowed to expand to 50.0 L. What is the new 
temperature in order to maintain the same pressure?        Law used: _____________________ 
 
 
 
 
 
 
 
 

9) 9.0 L of a gas is found to exert 0.38 atm at 35.0°C. What would be the required temperature to change 
the pressure to standard pressure?      Law used: _____________________ 
 
 
 
 
 
 
 
 

10) 4.73 L of a gas is collected at 32.0°C and 83.3 kPa. When the temperature is changed to standard 
conditions, what is the new pressure?           Law used: _____________________ 
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Name:

Regents Chemistry

Date:

Gas Law Calculations Practice

6) Agas that has a volume of 28.0 liters, a temperature of 45.00C, and an unknown pressure has its

volume increased to 34.0 liters and its temperature decreased to 35.00C. If I measure the pressure

after the change to be 2.0 atm, what was the original pressure of the gas?

Law used:

7) 8.00 L of a gas is collected at 60.00C. What will be its volume upon cooling to 30.00C?
Law used:

8) 5.00 L of a gas is collected at 100 K and then allowed to expand to 50.0 L. What is the new
temperature in order to maintain the same pressure? Law used:

9) 9.0 L of a gas is found to exert 0.38 atm at 35.00C. What would be the required temperature to change

the pressure to standard pressure? Law used:

10) 4.73 L of a gas is collected at 32.00C and 83.3 kPa. When the temperature is changed to standard
conditions, what is the new pressure? Law used:
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Name: __________________________________Date: ________________ 
Using the Combined Gas Law- Calculations based on the behaviors of a gas. 

 
1. A container contains 72.0 mL of H2 gas at a temperature of 25.0 °C and a pressure 

of 16.0atm. The pressure and temperature of the gas is changed to 0.00 °C and 
1.00atm. Under these new conditions, what will be the new volume? 
 

 
 

 
 
 

 
 

 
 

2. A sample of nitrogen gas is collected over water, yielding a total volume of 62.25 mL 

at a temperature of 22.0 °C and a total pressure of 97.7 kPa. At what pressure will 
the nitrogen occupy a volume of 50.00 mL if the temperature is held constant? 

 
 

 
 
 

 
 

 
 
 

3. Oxygen gas is collected over water at a temperature of 283K and a pressure of 
1.02 atm. The volume of gas collected is 293 mL. What volume of oxygen at 

standard temperature and pressure (STP) was collected? 
 
 

 
 

 
 
 

 
 

 
4. A gas that was collected at 27 °C and 52.0 kPa occupied 20.0 L. What will its new 

pressure be if its temperature is changed to 323 K and its volume to 35.0 L? 
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Name: Date:

1.

2.

3.

4.

Using the Combined Gas Law- Calculations based on the behaviors of a gas.

A container contains 72.0 mL of H2 gas at a temperature of 25.0 oc and a pressure
of 16.0atm. The pressure and temperature of the gas is changed to 0.00 oc and
1.00atm. Under these new conditions, what will be the new volume?

A sample of nitrogen gas is collected over water, yielding a total volume of 62.25 mL
at a temperature of 22.0 oc and a total pressure of 97.7 kPa. At what pressure will
the nitrogen occupy a volume of 50.00 mL if the temperature is held constant?

Oxygen gas is collected over water at a temperature of 283K and a pressure of
1.02 atm. The volume of gas collected is 293 mL. What volume of oxygen at
standard temperature and pressure (ST P) was collected?

A gas that was collected at 27 oc and 52.0 kPa occupied 20.0 L. What will its new
pressure be if its temperature is changed to 323 K and its volume to 35.0 L?

15
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A Temperature

Pressure

3

Temperature

Pressure

o 21

Pressure (atm)

3

Figure 4•6. pregum-volume
relationship: (A) At constant
tmperatur•, as the volume of a

gas decreases. the pressure It exore

Increases. (B) This graph shows
the vulation of gas volunw with

pressure at constant

temperature. PV constmt

3ehavior oi Gases
Scientists construct models to explain the behavior of substances. While

the gas laws describe how gases behave, they do not explain why gases
behave the way they do. The kinetic molecular theory (KMT) is a model
or theory that is used to explain the behavior of gases. This theory

describes the relationships among pressure, volume, temperature,
velocity, frequency, and force of collisions.

Kinetic Molecular Theory
The major ideas of kinetic molecular theory are summarized in the

following statements:

• Gases contain particles (usually molecules or atoms) that are in

constant, random, straight-line motion.

• Gas particles collide with each other and with the wails of the
container. These collisions may result in a transfer of energy among
the particles, but there is no net loss of energy as the result of these

collisions. The collisions are said to be perfectly elastic.

• Gas particles are separated by relatively great distances. Because of
this, the volume occupied by the particles themselves is negligible
and need not be accounted for.

• Gas particles do not attract each other.

Relationship of Pressure and Numbers of Gas Particles kinetic

molecular theory easily explains why gases exert pressure. Not only do
gas molecules collide with each other, but they also collide with the

walls of their container. These collisions with the container wall exert a

force over the surface area of the wall—the particles exert pressure on
the wail. For example, if you add more air to a bicycle tire, the pressure
is increased. fie greater the number of air particles, the greater the
pressure. Pressure and the number of gas molecules are directly

proportional.

Relationship of Pressure and Volume of a Gas Picture a cylinder with

a piston at one end. If the piston can be pushed in, the volume will
decrease. The molecules of the gas become more concentrated and
hit the walls of the container more often. The pressure increases.
If the piston is moved outward so as to increase the volume, the
molecules hit the walls less often, causing a decrease in pressure.

Thus volume and pressure are indirectly, or inversely, related.
If one of the variables (volume or pressure) increases, the other
must decrease.

Relationship of Temperature and Pressure of a Gas You may recall that
the temperature of a substance is defined as a measure of the average

kinetic energy of its particles. The kinetic energy (KE) is given by the

formula KE — As the temperature rises, the kinetic energy

increases. This increase is due not to an increase in the mass of the

particles, but rather to an increase in their velocity. As the temperature
rises, the velocity of the particles increases, causing them to hit the walls
o, the container more often and with greater force. Thus an increase in

perature causes the pressure to increase. Pressure and temperature

directly related.
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Temperature Tenperature

Pressure Pressure

Figure 4-7.
relatJonsNp; At constant volume,

as the tenveratur• of a gas Increases,

the pressure it exons Increases.
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Relationship of Temperature and Volume of a Gas If the volume of a

container could change while the pressure remained constant, how
would volume and temperature be related? As the temperature
increases, the molecules push harder on the piston of the container. A Temperature Temperature

When the internal pressure of the container exceeds the pressure
pushing from the outside, the piston is pushed upward and the
volume increases. The piston continues to move until the internal
and extemal pressures are equal. Thus volume and temperature
are directly related.

Relationship of Temperature and Velocity You know that as the
temperature of a substance increases, its kinetic energy increases.
W'hat is the cause of this increase in temperature? Obviously, the

masses of the particles do not increase; therefore, it must be the
velocity of the particles that increases. The higher the temperature,
the greater the average velocity of the particles.

Combined Gas Law Equation The relationships among pressure,
1

temperature, and volume can be mathematically represented by
an equation known as the combined gas law.

VI P2V2

This law can be used to solve problems involving the gas properties

of temperature (T), volume (V), and pressure (P) whenever or

more of these properties are involved. For problems in which two of
the properties are involved and the third property remains constant,
simply cancel out the variable representing the constant property
and then solve for the remaining unknown.

ideal Versus Real Gases

Pressure Pressure

B 3

o 300 40
Temper*ure (K)

4•8. Temperature-volume
relationship: (A) At constant

pressure. as the temperature of a

gas Increases, the volume It ocwples
increase. (B) Thb graph shows
the vorl•tlon of got voeunw with

changing Kelvbi temperature at

constant pressure. a constmt

Kinetic molecular theory explains the behavior of gases by using a model
gas called an "ideal" gas. When the gas taws are used to solve problems
involving "real" gases, the answers obtained often do not exactly match
the resulb obtained in the lab. This is because the ideal gas model does not

exactly match the behavior of real gases. Ihese discrepancies arise from the

fact that two of the assumptions made by kinetic molecular theory are not
exactly correct.

• Gas particles do not attract one another. In most cases, the attractive

forces between gas particles are so small that they can be disregarded.
However, when conditions become extreme, these small forces become
important. For example, water molecules in the abnosphere attract each

other when temperatures become cold enough. The water molecules
combine to form snow or rain.
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• Gas particles do not occupy volume. Although gas particles themselves
occupy a small volume of space under normal conditions, as pressure

increases the volume occupied by the particles can no longer be ignored.
At high pressures, the increased concentration of particles leads to more
frequent collisions and far greater chances of combining.

A gas is said to be "ideal" if it behaves exactly as predicted. Although no
gas is truly "ideal," hydrogen and helium are nearly ideal in behavior. In
general, gases vary from ideal behavior because of two factors: increasing

mass and increasing polarity. These factors become important as pressure
is increased and temperature is decreased. Gases are most ideal at low

pressures and high temperatures.

Avogadro's Hypothesis
Avogadro proposed a rather startling theory about equal volumes
of gases. He stated that when the volume, temperature, and pressure of
two gases were the same, they contained the same number of molecules.
Thus, 12 liters of nitrogen at ST would contain the same number of
molecules as 12•liters of oxygen at ST, or for that matter, the same number
of molecules as any gas at those Today, we believe that 22.4
liters of any gas at STP contains one mole of the gas. For example, 22.4
liters of neon contains one mole of neon—10g. One mole of any substance
contains 6.02 X 1023 molecules, a number called Avogadro's number.

JoggerMemo
Standard temperature and
pressure (STP) ts defined as

one atmosphere of presure
and a temperature of OOC

(273 K).

is defined as forØ
unit area. in

preve b ofWt

meroaoe (mm Hg), avn«pherø
(Ün), and k110ßxab O'P•).
Norma! atrmohek pressure
ts 760 760 mm HB 1 atm.

101.3 kPa.

What volume will a 300.0 mL sample of a gas
at STP occupy when the pressure is doubled at
constant temperature?

. Which graph best sh0bß the relationship
between Kelvin temperature and average

(1) 150.0 mL
(2) 600.0 mL

(3) 2000. mL
(4) 4000. mL

Z.. The volume ofa sample of a gas at 2730C is
200.0 L. If the volume is decreased to 100.0 L
at constant pressure, what will be the new
temperature of the gas?

(1) 0K (2) 100K (3) 273K (4) 546K

3. At constant pressure, how does the volume
of 1 mole of an ideal gas vary?

(1) directly with the Kelvin temperature

(2) indirectly with the Kelvin temperature
(3) directly with the mass of the gas

(4) indirectly with the mass of the gas

Which graph best shows the change in the
volume of 1 mote of nitrogen gas as pressure
increases and temperature remains constant?

0)

kinetic energy?

Temperature (K)

0)

Temperature 00
(2)

Tetr«ature
(3)

Temperature

(4)

Under which conditions will the volume of

a given sample of a gas always decrease?

(1) decreased pressure and decreased

D

(2)

(3)

(4)

temperature
decreased pressure and increased

temperature

increased pressure and decreased

temperature

increased pressure and increased

temperature
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The relationship between the 6.
11.

6. The relationship between the
the volume (V) ot a gas and its pressure (P) is

(1) (constant)P

(2) p (constant)V

(3) PV constant

(4) VIP constant

Which changes in pressure and temperature
occur as a given mass of gas at 380 torr and

546 K is changed to STP?
(I) The pressure is doubled and the temperature

is halved.
(2) The pressure is doubted and the temperature

is doubted.
(3) The pressure is halved and the temperature

is halved.
(4) The pressure is halved and the temperature

is doubled.

C. Asthe temperature of a gas is increased from OOC
to to•C at constant pressure, the volume of the gas

(1) increases by

(2) increases by

(3) decreases by B
(4) decreases by

• The table below shows the changes in the
volume of a gas as the pressure changes at

11.

21

< «±tnperature

of 20. K and a pressure of 760 mm Hg. What w
be the new volume when the temperature is
changed to 40.0 K and the pressure is changed
to 380 mm Hg?
(t) 250

(2) 1000

(3) 4000 mL
(4) 5600 mL

The graph below represents the relationship
between pressure and volume of a gas at con-

Stant temperature. The product of pressure and
volume is constant.

100.

80.

1

1.0 2.0 3.0 4.0 5.0

constant temperature.

Pressure (atm)

0.5

1.0

2.0

1000

500
250

Which equation best expresses the relationship
between pressure and volume for the gas?

(1) 500 atm•ml.

(2) pv- 500 atm•mL

(3) 500 atm•mL

(4) pv 1/500 atm•mL

A cylinder with a tightly fitted piston is shown
in the diagram below.

Air at

constant

temperature

As the piston moves downward, the number of

molecules of air in the cylinder

(1) decreases

(2) increases
(3) remains the same

Pressure (atm)

According to the graph, what is the product of
pressure and volume (in

(1) 20. (2) 40. (3) 60. (4) 80.

A sample of gas has a volume of 12 liters at OOC
and 380 torr. What witt be its volume when the
pressure is changed to 760 torr at a constant

temperature?

(2) 181 (3) 12L (4) 6.OL(1) 24 L

A 2.5 liter sample of gas is at STP. When the
temperature is raised to 2730C and the pressure
remains constant, the new volume of the gas
witt be

(1) 1.25L (2) 2.51 (3) 5.01 (4) IO.OL

A gas occupies a volume of 500. mL at a
pressure of 380. torr and a temperature
of 298 K. At what temperature will the gas
occupy a volume of 250. mL and have a
pressure of 760. torr?

(1) 149K
(2) 298 K
(3) 447 K
(4) 596K

A gas at STP has a volume of 1.0 liter. If the
pressure is doubled and the temperature
remains constant, the new volume of the
gas will be

(1) 0.251 (2) 2.01 (3) 0.5L (4) 4.0 L

ill
A gas with a volume of 1000 ml temperature

9.

8.

7.

10.

12.

13.

14.

15.

16.



Name: _________________________________________________ 

Marble Rolling Activity- Ideal Gases and Kinetic Molecular Theory 

You and your partner will be using a marble to simulate an ideal gas particle. PLEASE DO NOT 

LOSE YOUR MARBLES! 

Please complete the following questions using you and your partners’ marble: 

1. Please place your marble on the edge of the doorway to the classroom. If you were to 
record the volume of the entire room, does this marble make any real impact on the 
overall volume measured? Explain. 

 

 

2. Please roll your marble into any surface, the wall, a text book, your foot, etc.  

a. Describe the shape of the marbles path. 

b. Can you predict the exact location that the marble will roll to? 

 

 

3. Please roll your marble into your partners marble. Write down what happens. Do the 
marbles have any attraction for each other? How do you know they do or do not have 
an attraction? 
 

 

 

 

 

4. a. When you and your partner have the marbles collide with each other, do they roll on 
forever? 
 
 
b. If you were to remove any and all friction what would happen to the amount of 
movement for the marbles after the collision? 
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Name:

Marble Rolling Activity- Ideal Gases and Kinetic Molecular Theory

You and your partner will be using a marble to simulate an ideal gas particle. PLEASE DO NOT

LOSE YOUR MARBLES!

Please complete the following questions using you and your partners' marble:

1.

2.

3.

4.

Please place your marble on the edge of the doorway to the classroom. If you were to

record the volume of the entire room, does this marble make any real impact on the

overall volume measured? Explain.

Please roll your marble into any surface, the wall, a text book, your foot, etc.

a. Describe the shape of the marbles path.

b. Can you predict the exact location that the marble will roll to?

Please roll your marble into your partners marble. Write down what happens. Do the
marbles have any attraction for each other? How do you know they do or do not have
an attraction?

a. When you and your partner have the marbles collide with each other, do they roll on
forever?

b. If you were to remove any and all friction what would happen to the amount of

movement for the marbles after the collision?
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Name: _________________________________________________ 

Kinetic Molecular Theory 

Below please find the 5 postulates of the kinetic molecular theory describing ideal 

gases. It should be noted that an ideal gas DOES NOT EXIST. 

 

1. Ideal gas particles are so small as compared with the distance separating 

them that the volume of the particle is considered negligible (zero). 

 

2. Ideal gas particles travel in constant, random, straight-line motion. (SAME 

AS REAL GASES) 

 

3. Ideal gases have no intermolecular forces (attraction) between particles. 

 

4. The collisions of the particles are elastic (complete transfer of energy, no 

kinetic energy is lost as a different form) 

 

5. Equal volumes of any gas will have an equal number of particles. 

 

The image below shows Avogadro’s theory that equal volumes of any gas at the same 

conditions of temperature and pressure will always contain an equal number of particles. 

Even though each gas is very different and a particle of each contains a different number of 

atoms. 
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Name:

Kinetic Molecular Theory

Below please find the 5 postulates of the kinetic molecular theory describing ideal

gases. It should be noted that an ideal gas DOES NOT EXIST.

1.

2.

3.

4.

5.

Ideal gas particles are so small as compared with the distance separating

them that the volume of the particle is considered negligible (zero).

Ideal gas particles travel in constant, random, straight-line motion. (SAME
AS REAL GASES)

Ideal gases have no intermolecular forces (attraction) between particles.

The collisions of the particles are elastic (complete transfer of energy, no

kinetic energy is lost as a different form)

Equal volumes of any gas will have an equal number of particles.

The image below shows Avogadro's theory that equal volumes of any gas at the same

conditions of temperature and pressure will always contain an equal number of particles.

Even though each gas is very different and a particle of each contains a different number of

atoms.

Volume

Pressure

Temperature

Mass of gas

Number of gas
molecules

22.4 L

1 atm

ooc

4.00 g

6.02 x 1023

22.4 L

1 atm

ooc

28.0 g

6.02 x 1023

22.4 L

1 atm

ooc

16.0 g

6.02 x 1023
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1. According to the kinetic molecular theory for an ideal

gas, all gas particles

) are in random, constant, straight-line motion

B) are separated by very small distances relative to

their sizes

C) have strong intermolecular forces

D) have collisions that decrease the total energy of the

system

2. According to the kinetic molecular theory, which

statement describes the particles of an ideal gas?

A) The gas particles are arranged in a regular pattern.

B) ne force of attraction between the gas particles is
strong.

C) The gas particles are hard spheres in continuous
circular motion.

D) The collisions of the gas particles may result in the
transfer of energy.

3. According to the kinetic molecular theory, the particles

of an ideal gas

A) have no potential energy

B) have strong intermolecular forces

C) are arranged in a regular, repeated geometric pattern

) are separated by great distances, compared to their

4. Which statement describes the particles of an ideal gas?

A) ne partictes move in well-defined, circular paths.
B) When the particles collide, energy is lost.
C) are forces of attraction between the particles.

D) volume of the particles is negligibte.

5. According to the kinetic molecular theory, which

statement describes the particles in a sample of an ideal

gas?

A) The force of attraction between the gas particles is

strong.

B) The motion of the gas particles is random and

straight-line.

C) The collisions between the gas particles cannot

result in a transfer of energy between the particles.

D) The separation between the gas particles is smaller

than the size of the gas particles themselves.

6. Under which conditions does a real gas behave most Ilkc

an ideal gas?

A) at low temperatures and high pressures

B) at low temperatures and low pressures

C) at high temperatures and high pressures

D) at high temperatures and low pressures

7. An assumption of the kinetic theory of gases is that the
particles of a gas have

A) little attraction for each other and a significant

volume

B) little attraction for each other and an insignificant

volume

C) strong attraction for each other and a significant

volume

D) strong attraction for each other and an insignificant

volume

8. Under which conditions of temperature and pressure

does a real gas behave most like an ideal gas?

A) 37K and B) 37 Kand 8 atm

C) 347 Kand 1 atm D) 347 Kand8

9. A reat gas behaves least like an ideal gas under the
conditions of

A) low temperature and low pressure

B) tow temperature and high pressure

C) high temperature and low pressure

D) high temperature and high pressure

10. A real gas differs from an ideat gas because the
molecules of real gas have

A) some volume and no attraction for each other

B) some volume and some attraction for each other

C) no volume and no attraction for each other

D) no volume and some attraction for each other

I I. A gas is most likely to change to the liquid phase when
the pressure on the gas

A) decreases and its temperature increases

B) decreases and its temperature decreases

C) increases and its temperature increases

D) increases and its temperature decreases

12. Which of the following gases behaves most like an

ideal gas?

A) H2(g)

C) NT13(g)

B) 02(g)

D) C02(g)
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13. Winch gas IS least likely to obey the Ideal gas laws at

very high pressures and very low temperatures?

A) He B) Ne C) Kr D) Xe

14. Which rigid cylinder contains the same number of gas

molecules at STP as a 2.0-liter rigid cylinder containing
at STP?

A) 1.0-L cylinderof02(g)

B) 2.0-1.

C) t.5-L cylinder ofNH3(g)

D) 4.0-L cylinder of He(g)

15. Each stoppered llask below contains 2 liters oia gas at

STP.

CH4 (g) 02 (g)

Each gas sample has the same

A) density

B) mass

C) number of molecules

D) number of atoms

25



Name: _______________________________________________________ 
Ideal Gases and KMT 

1. Explain what is meant by an ideal gas. 

 

 

 

2. Give examples of gases that would behave ideally. Explain why. 

 

 

 

3. What conditions of pressure and temperature are best suited to make a gas behave 

ideally? 

 

 

 

4. What is the kinetic molecular theory of gases? (Hint: what are the four postulates) 

 

 

 

 

 

 

 

5. What is pressure? What is atmospheric pressure? 
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Name:

Ideal Gases and KMT

1.

2.

3.

4.

5.

Explain what is meant by an ideal gas.

Give examples of gases that would behave ideally. Explain why.

What conditions of pressure and temperature are best suited to make a gas behave

ideally?

What is the kinetic molecular theory of gases? (Hint: what are the four postulates)

What is pressure? What is atmospheric pressure?
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Water's great escape into thin air
BY KATHY WOLLARD

What's the difference be-

tween evaporation and boiling?
asks Anna Ng. via e-mail.

Evaporation is a ghostly pro-
cess, as water turns to vapor
and wafts off into the air. Left
out ovemight. a glass with a bit
of water in the bottom is

strangely em ty in the morn-
ing. A pool opsoda pop on the
floor vanishes, leaving only a
sticky residue. Freshly painted
walls and polished fingernails
benefit from evaporation. too.
nra.nks to evaporation, we can
assume our newly shampooed
hair won't stay wet. even if the
haird.ryer's on the fritz

Boiling dso turns liquid into
gas. Boil a kettle of water on
the stove, and you can see the
water molecules escaping into
the air. as steam pours from the
spout. Scientists call this shift

by matter a phase change.
Water, for example, easily
transforms from a solid (ice) to
a liquid to a gas, depending on
temperature and air pressure.
All matter undergoes phase
changes, but water is doing it
right in front of us, in our own
kitchens.

While evaporation and boil-

- 4-e•e.-

ing turn liquid water into a gas,
there are visible and invisible
differences between the two
processes.
Take water in a teakettle. As

the bottom of the kettle gets
very hot, liquid water begins to
turn to bubbles of gas. The first
bubbles collapse when they
rise into cooler water above.
But as the water heats to the
very top, the bubbles, less

dense than the liquid around
them. climb like helium-filled

balloons.

When the temperature of the
water reaches the boiling point
(212 degrees Fahrenheit, or 100
Celsius), the pressure of the
gas in the bubbles has in-

creased to that of the room air.
Above the boiling point, the va-
ports pressure is actually geat-
er than that of the su.rrounding
air. And so bubbles are able to
make their great escape, rising
to the surface and releasing
their vapor into the air with a
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Boiling water tums
into stean because
of tempeaåre and
pressure. But
evaporation is more
a surface thing.

nie kitchen gets more
humid. and the water in the ket-
tle gradually disappears.
But inside a glass of room-

temperature water, there is no
building pressure. In the center
of the glass of water, molecules
are held in place by their attrac-
tion to other molecules above;
below and to the sides. But at
the surface, molecules are only
beld by their attraction down
and to the sides. So random en-
ergetic molecules at the sure

face occasionally break free,

adding to the water vapor in
the kitchen air.

So unlik%boiling, evapora-
tion occurs only at the surface
of a Equid, and •s a slower pro-
cess. While water has a specific
boiling-point tenperature (212
degrees F. at sea level on
Earth), it can evaporate at any

But change the air pressure.
and you change water's boiling
pint. In the thin summit air of
Mount Everest, at more than
29,000 feet, water boils at about

degræ F. Ard in the very
ligrtweight aümsphere Mars,
fresh water could boil at a chilly

F. (10 C.). So boiling doesn't
have to mean "hotn; a cup of bub-
bling furiously boiling water on
Mars wmdd æual}y feel refriger-
ator-cold.

SEND QUESTIONS to How
235

Melville. NY
117474259*one mail to

.com, 'f apswered here,
In

• by Kathy

WoJt4t and Solomon
Pgbjishing).
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Water's Great Escape into Thin Air by Kathy Wollard

1. According to the article, how does science define phase change?

2. Why do bubbles rise to the surface ofa boiling liquid?

3. Describe the changes in vapor pressure that are associated with boiling.

4. What holds molecules of water together in a glass of water?

5. Why, then, does water evaporate from the surface?

6. Describe how changing air pressure can affect boiling.
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Vapor Pressure Curves 

Why? 

 The vapor pressure of a substance depends on the temperature. A liquid boils when the 

vapor pressure above a liquid equals the atmospheric pressure. We expect water to boil at 100 °C 

when we cook, but in Denver, Colorado, which is a mile high and has a lower atmospheric 

pressure than at seal level, water boils at a lower temperature. Certain substances, such as nail 

polish and paint, dry quickly because they have high vapor pressures. 

Learning Objectives 

• Understand the relationship between vapor pressure and temperature. 

• Relate the vapor pressure of a substance to its boiling point. 

• Use a vapor pressure curve to describe the relative strength of the intermolecular forces 

between the molecules of a substance. 

Success Criteria 

• Produce an accurate written description of vapor pressure and its origins. 

• Identify the boiling temperature of liquids from vapor pressure curves. 

• Identify the relative strength of intermolecular forces from vapor pressure curves. 

Resources 

• http://www.launc.tased.edu.au/online/sciences/agsci/essoil/boiling.htm 

• materials: ethanol, water, acetone, cotton balls 

Prerequisites 

• Vaporization 

• Phase changes 

• Graphing skills 

Concepts and Vocabulary 

Define the following terms in your own words: 

• Vaporization: 

 

• Evaporation: 

 

• Boiling: 

 

• Normal boiling point: 

 

• Intermolecular forces of attraction: 
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Vapor Pressure Curves

The vapor pressure of a substance depends on the temperature. A liquid boils when the
vapor pressure above a liquid equals the atmospheric pressure. We expect water to boil at 100 oc
when we cook, but in Denver, Colorado, which is a mile high and has a lower atmospheric

pressure than at seal level, water boils at a lower temperature. Certain substances, such as nail

polish and paint, dry quickly because they have high vapor pressures.

Learning Objectives

Understand the relationship between vapor pressure and temperature.

Relate the vapor pressure of a substance to its boiling point.

Use a vapor pressure curve to describe the relative strength of the intermolecular forces

between the molecules of a substance.

Success Criteria

• Produce an accurate written description of vapor pressure and its origins.

• Identify the boiling temperature of liquids from vapor pressure curves.

• Identify the relative strength of intermolecular forces from vapor pressure curves.

Resources

http://www.launc.tased.edu.au/online/sciences/agsci/essoil/boiling.htm

• materials: ethanol, water, acetone, cotton balls

Prerequisites

Vaporization

• Phase changes

Graphing skills

Concepts and Vocabulary

Define the following terms in your own words:

Vaporization:

Evaporation:

Boiling:

Normal boiling point:

Intermolecular forces of attraction:
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Model 1 

 

(http://nysedregents.org/testing/reftable/archreftable/ChemRef1-7.pdf; Table H) 

 

A liquid will boil when its vapor pressure equals the atmospheric 

pressure. Water’s normal boiling point is 100 °C. At this temperature, the 

vapor pressure of water is equal to 101.3 kPa, standard atmospheric 

pressure. If we were in a location with a different atmospheric pressure the 

boiling point would be different. For example, if the atmospheric pressure 

were 90 kPa, the boiling point of water would be 95 °C. 

 (http://hyperphysics.phy-astr.gsu.edu/hbase/kinetic/vappre.html) 

 

Key Questions 

1. The vapor pressure curves of four liquids are shown in the graph in Model 1. What is plotted on the 

x-axis and what is plotted on the y-axis of the graph? 

 

 

2. a. What happens to the vapor pressure of a substance when the temperature increases? 

 

 

b. Explain this change in vapor pressure in terms of the rate of evaporation and movement of the molecules. 
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Model 1

Table 11

Vapor Pressure of Four Liquids

ethanol

water
150.

0 100.

50.

25 50. 75 100.

ethanoi
acid

125

Temperature (oc)

http ://nysedregents.org/testing/reftable/archreftable/ChemRef1-7. pdf; Table H)

Boiling

'.10/0••'.',

Bubbles can form and

- rise since the vapor

pressure can ove rco me

mospheric pressure

Key Questions

A liquid will boil when its vapor pressure equals the atmospheric
pressure. Water's normal boiling point is 100 oc. At this temperature, the

vapor pressure of water is equal to 101.3 kPa, standard atmospheric

pressure. If we were in a location with a different atmospheric pressure the

boiling point would be different. For example, if the atmospheric pressure

were 90 kPa, the boiling point of water would be 95 oc.

(http://hyperphysics.phy-astr.gsu.edu/hbase/kinetic/vappre.html)

l.

2.

The vapor pressure curves of four liquids are shown in the graph in Model l. What is plotted on the

x-axis and what is plotted on the y-axis of the graph?

a. What happens to the vapor pressure of a substance when the temperature increases?

b. Explain this change in vapor pressure in terms of the rate of evaporation and movement of the molecules.
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3. According to the information provided on Model 1, what determines the temperature at which a 

liquid boils? 

 

 

4. What is the normal boiling point of propanone? 

 

5. At what temperature will propanone boil if the atmospheric pressure is 70 kPa? 

 

Exercise 

1. List the four liquids in Model 1 in order of increasing vapor pressure at 60 °C. 

 

 

 

2. Which of these liquids has the most vapor particles above its surface? 

 

 

3. Which of these liquids has the least vapor particles above its surface? 

 

Model 2 

Evaporation, unlike vaporization, happens on the surface of liquids at all temperatures. This 

process is related to the strength of the forces holding the molecules in the liquid phase. The weaker the 

forces, the faster the molecules will escape from the liquid into the gas phase. A liquid with weak 

intermolecular forces will have a relatively large amount of vapor (gas phase) present above its surface. 

 

(http://hyperphysics.phy-astr.gsu.edu/hbase/kinetic/vappre.html) 

 

Task 

Place an equal amount of ethanol, acetone (propanone), and water on three separate cotton balls. 

Wipe the cotton balls on the desk at the same time. Observe which liquid evaporated the fastest. Record 

your observations below. 

Observations: 
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3.

4.

5.

According to the information provided on Model l, what determines the temperature at which a

liquid boils?

What is the normal boiling point of propanone?

At what temperature will propanone boil if the atmospheric pressure is 70 kPa?

Exercise

l.

2.

3.

List the four liquids in Model I in order of increasing vapor pressure at 60 oc.

Which of these liquids has the most vapor particles above its surface?

Which of these liquids has the least vapor particles above its surface?

Model 2

Evaporation, unlike vaporization, happens on the surface of liquids at all temperatures. This

process is related to the strength of the forces holding the molecules in the liquid phase. The weaker the

forces, the faster the molecules will escape from the liquid into the gas phase. A liquid with weak
intermolecular forces will have a relatively large amount of vapor (gas phase) present above its surface.

Evaporation

Sub bles cannot form

3i nee the vapor

pressure is leg than

atrnos heric pressu

http://hyperphysics.phy-astr.gsu.edu/hbase/kinetic/vappre.html)

Task

Place an equal amount of ethanol, acetone (propanone), and water on three separate cotton balls.

Wipe the cotton balls on the desk at the same time. Observe which liquid evaporated the fastest. Record

your observations below.

Observations:
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Key Questions 

1. Which liquid evaporated at the fastest rate? 

 

2. Which liquid evaporated at the slowest rate? 

 

Based on your observations, draw a picture of the amount of vapor molecules above each liquid. 

 

 
3. Based on your observations, which liquid has the highest vapor pressure? Explain your answer. 

 

 

4. Predict which of the three liquids used in this task would have the highest boiling point. Support 

your answer with an explanation. 

 

 

 

5. Which of the three liquids has the strongest intermolecular forces of attraction? Support your answer 

with an explanation. 

 

 

6. How do the intermolecular forces in propanone compare to the intermolecular forces found in water? 

Support your answer with an explanation.  

 

 

32

Key Questions

l.

2.

3.

4.

5.

6.

Which liquid evaporated at the fastest rate?

Which liquid evaporated at the slowest rate?

Based on your observations, draw a picture of the amount of vapor molecules above each liquid.

C3H60 (1)

Propanone

C2H50H (1)

Ethanol

H20 (1)

Water

Based on your observations, which liquid has the highest vapor pressure? Explain your answer.

Predict which of the three liquids used in this task would have the highest boiling point. Support

your answer with an explanation.

Which of the three liquids has the strongest intermolecular forces of attraction? Support your answer

with an explanation.

How do the intermolecular forces in propanone compare to the intermolecular forces found in water?
Support your answer with an explanation.
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1. Which sample of water has the greatest vapor 

pressure? 

1) 100 ml at 20°C 3) 20 ml at 30°C   

2) 200 ml at 25°C 4) 40 ml at 35°C  

 
2. What is the vapor pressure of water at 105°C? 

1) .60 kPa  3) 120 kPa   

2) 101.3 kPa  4) 145 kPa  

 
3. At which temperature would glycerol have the 

highest vapor pressure? 

1) 30°C    3) 50°C   

2) 40°C    4) 60°C   

 
4. When the temperature of a sample of water is 

changed from 45°C to 70°C, the change in its 

vapor pressure is 

1) 1.0 kPa   3) 25 kPa   

2) 20. kPa   4) 101.3 kPa 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. What is the normal boiling point of ethanol? 

 

6. At what temperature will propanone boil if the 

atmospheric pressure is 70 kPa? 

 

7. Water boils at 100 °C on Long Island where the 

atmospheric pressure is 101.3 kPa. Water boils at 

95 °C in Denver Colorado where the atmospheric 

pressure is 91 kPa. Explain why water has a higher 

boiling point on Long island than in Colorado? 

 

8. Which liquid has a higher vapor pressure at 75°C, 

ethanol or water? 

 

9. Which liquid will boil more quickly at 75°C, ethanol 

or water? 

 

10. Which liquid has stronger forces of attraction 

between molecules, ethanol or water? WHY? 
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Table 11

Vapor Pressure of Four Liquids

200.
propanone

ethanol

water
150. oooonooaaaooouooomnoooaoø

ethanoic
acid

101.3 kPa
e 100.

o

50.

25 50. 75 100. 125

Temperature (oc)

1.

2.

3.

4.

Which sample of water has the greatest vapor

pressure?

1) 100 at

2) 200 ml at 250C

3) 20 ml at 300C

4) 40 ml at 350C

What is the vapor pressure of water at 1050C?

1) .60 kPa

2) 101.3 kPa

3) 120 kPa

4) 145 kPa

At which temperature would glycerol have the

highest vapor pressure?

1) 300C

2) 400C

3) 500C

4) 600C

When the temperature of a sample of water is
changed from 450C to 700C, the change in its

vapor pressure is

1) 1.0 kPa

2) 20. kPa

3) 25 kPa

4) 101.3 kPa

5.

6.

7.

8.

9.

10.

What is the normal boiling point of ethanol?

At what temperature will propanone boil if the

atmospheric pressure is 70 kPa?

Water boils at 100 oc on Long Island where the

atmospheric pressure is 101.3 kPa. Water boils at

95 oc in Denver Colorado where the atmospheric

pressure is 91 kPa. Explain why water has a higher
boiling point on Long island than in Colorado?

Which liquid has a higher vapor pressure at 750C,

ethanol or water?

Which liquid will boil more quickly at 750C, ethanol

or water?

Which liquid has stronger forces of attraction

between molecules, ethanol or water? WHY?
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Name: __________________________________________  Date: _________________ 
Vapor Pressure and Boiling 

Problem: How can we get water to boil without applying heat? 

 

A glass of water sitting at room temperature is not 

boiling. This is because the gas particles of the air in the 

atmosphere exert a force on the surface of a liquid, 

preventing it from boiling. 

As you heat a liquid, more evaporation occurs causing the 

vapor pressure to increase. When the vapor pressure 

equals the force of the atmospheric pressure, the liquid 

can boil. 

1. Get water from the kettle. Fill the beaker half way. 
2. Record the initial temperature. 
3. Look up the vapor pressure of the water at the initial temperature on Table H. 
4. Place the water in the small plastic cup and use the bell jar. 
5. Note what happens. 
6. SLOWLY allow the air back into the bell jar. 
7. Record the final temperature of the water after the jar was used. 
8. Look up the new vapor pressure of the water at the final temperature. 
9. Based on the new vapor pressure of the water at its final temperature, what was the 

pressure inside of the bell jar after you pumped out all of the air? 
 

 

Initial water temperature= ___________ 

 

 

Final water temperature= ___________ 

 

Vapor Pressure (from Table H) = _________ 

 

Vapor Pressure (from Table H)= __________ 

 

 

Is the liquid boiling? 

 

Did the liquid boil? _____________ 

 

 

Atmospheric Pressure=  _____________ 

(in the bell jar before use) 

 

Atmospheric pressure= ______________ 

(in the bell jar after use) 

 

 

1) Why did the water boil after using the bell jar pump? Explain in terms of vapor pressure 

of the liquid and atmospheric pressure of the air surrounding the liquid. 
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Name:

Vapor Pressure and Boiling

Date:

1.

2.

3.

4.

5.

6.

7.

8.

9.

Problem: How can we get water to boil without applying heat?

A glass of water sitting at room temperature is not
Atmospheric Pressure

boiling. This is because the gas particles of the air in the

atmosphere exert a force on the surface of a liquid,

preventing it from boiling.

As you heat a liquid, more evaporation occurs causing the

vapor pressure to increase. When the vapor pressure

equals the force of the atmospheric pressure, the liquid

can boil.

Get water from the kettle. Fill the beaker half way.

Record the initial temperature.

Look up the vapor pressure of the water at the initial temperature on Table H.

Place the water in the small plastic cup and use the bell jar.

Note what happens.

SLOWLY allow the air back into the bell jar.
Record the final temperature of the water after the jar was used.

Look up the new vapor pressure of the water at the final temperature.
Based on the new vapor pressure of the water at its final temperature, what was the
pressure inside of the bell jar after you pumped out all of the air?

Initial water temperature=

Vapor Pressure (from Table H) =

Is the liquid boiling?

Atmospheric Pressure=

(in the bell jar before use)

Final water temperature=

Vapor Pressure (from Table H)=

Did the liquid boil?

Atmospheric pressure=

(in the bell jar after use)

1) Why did the water boil after using the bell jar pump? Explain in terms of vapor pressure
of the liquid and atmospheric pressure of the air surrounding the liquid.
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Based on the new vapor pressure of the water at its final temperature, what was the 
atmospheric pressure INSIDE of the bell jar after you removed the air using the 
syringe?

(SAME AS STANDARD AIR PRESSURE IN THE ROOM)



Scanned by CamScanner

35

ame:

Regents Chemistry

Mrs. Piersa

Gases Unit Review

l. Which graph shows the relationship between pressure and Kelvin temperature for an ideal gas at constant
volume?

Temperature

B)

Temperature

C)

Temperature

D)

8

Temperature

8. A sample of gas occupies a volume of 50.0 milliliters in
a cylinder with a movable piston. The pressure of the

sample is 0.90 atmosphere and the temperature is 298 K.

What is the volume of the sample at STP?

2. According to the kinetic molecular theory for an ideal

gas, all gas particles

A) are in random, constant, straight-line motion

B) are separated by very small distances relative to
their sizes

C) have strong intermolecular forces

D) have collisions that decrease the total energy of the

system

3. Under which conditions of temperature and pressure

does a sample of neon behave most like an ideal gas?

A) 100K and 0.25atm C) 0.25 atm

B) 100 K and 25 atm D) 400 K and 25 atm

4. When a sample of gas is heated in a sealed, rigid
container, the pressure the gas exerts on the walls of the

container will increase because the gas particles hit the

walls of the container

A) less often and with less force

B) less often and with more force

C) more often and with less force

D) more often and with more force

5. The volume ofa sample ofa gas at 273 K is 150. liters.
Ifthe volume is decreased to 100. liters at constant

pressure, what will be the new temperature of the gas?

A) 41 mL
B) 49 mL

C) 51 mL
D) 55 mL

9. Which liquid has the lowest vapor pressure at 650C?

A) ethanoic acid

B) ethanol

C) propanone

D) water

10. Which sample of water has the lowest vapor pressure?

A) 100 mL at SOOC C) 300 mL at 400C
B) 200 mLat 300C D) 400 mL at 200C

I l. Which graph best represents the variation in the vapor

pressure of water as temperature changes?

O

o

B) 273. K
C) 182K
D) 410K

6. As the temperature ofa given sample ofa gas increases,

the volume of the gas

Temperature

Temperature

o

Temperature

o
a.

Temperature

A) decreases

B) increases

C) remains the same

7. A sample of gas confined in a cylinder with a movable
piston is kept at constant pressure. The volume of the gas

doubles when the temperature of the gas is changed from

A) 400. K to 200. K C) 400.oc to 200.oc

B) 200. K to 400. K D) 200.oc to 400.oc

35

12. Which statement explains why H20 has a higher
boiling point than N2?

A) H20 has greater molar mass than N2.
B) H20 has less molar mass than N2.

C) H20 has stronger intermolecular forces then N2.
D) H20 has weaker intermolecular forces than N2.
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A) CH4 and C02 B) CH4 and Ne C) He and C02

14. The graph below represents the vapor curves of four

13.The data table below gives the temperature and pressure of four different gas samples, each in a 2-liter
container.

Temperature and Pressure of Gas Samples

E 60

50

40

Gas Temperature
Sample

He

C02

CH4

(K)

300.

300.

200.

300.

Pressure

(atm)

1.20

1.00

1.20

1.00

Which two gas samples contain the same total number of particles?

liquids.

8

70

20

10

c

0 10 20 30 40 50 60 70 BO 90100110120

Temperature (oc )

D) He and Ne

17. When a sample ofa gas is heated at constant pressure,
the average kinetic energy of its molecules

A) decreases, and the volume of the gas increases

B) decreases, and the volume of the gas decreases

C) increases, and the volume of the gas increases

D) increases, and the volume of the gas decreases

18. A sample of gas is in a sealed, rigid container. The
volume of the gas is kept constant. Ifthe Kelvin

temperature of the gas is doubled, the pressure of the
gas is

A) halved

B) doubled

C) tripled

D) unchanged

Which liquid has the highest normal boiling point?

15. Which phase change represents sublimation?

A) NH3(t) C) KI(s)

B) C02(s) D) H20(t) H20(s)

16. Which 5.0-milliliter sample ofNH3 will take the shape
of and completely fill a closed 100.0-milliliter

19. At STP, which physical property of aluminum always
remains the same from sample to sample?

A) mass

B) density

C) length

D) volume

container?

A) NH3 solid

B) NH3 liquid
C) NH3 gas

36

20. One reason that a real gas deviates from an ideal gas is
that the molecules of the real gas have

A) a straight-line motion

B) no net loss of energy on collision

C) a negligible volume

D) forces of attraction for each other
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Base your answers to questions 21 and 22 on the information below.

Natural gas is a mixture that includes butane, ethane, methane, and propane. Differences in boiling points

can be used to separate the components of natural gas. The boiling points at standard pressure for these
components are listed in the table below.

Data Table

Boiling Point at
Component of

Standard Pressure
Natural Gas

butane

ethane

methane

propane

-0.5

-88.6

-161.6

-42.1

21. List the four components of natural gas in order of increasing strength of intermolecular forces.

22. Identifr a process used to separate the components of natural gas.

23. Which statement describes a chemical property of

hydrogen gas?

A) Hydrogen gas bums in air.

B) Hydrogen gas is colorless.

C) Hydrogen gas has a density of 0.000 09g/cm3 at

STP.

D) Hydrogen gas has a boiling point of 20. K at
standard pressure.

24. Which statement correctly describes a sample of gas

confined in a sealed container?

A) It always has a definite volume, and it takes the

shape of the container.

B) It takes the shape and the volume of any container

in which it is confined.

C) It has a crystalline structure.

D) It consists of particles arranged in a regular

geometric pattern.

37
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Base your answers to questions 25 through 28 on the information below.

A weather balloon has a volume of 52.5 liters at a temperature of 295 K. The balloon is released and
rises to an altitude where the temperature is 252 K.

25. How does this temperature change affect the gas particle motion?

26. The original pressure at 295 K was 100.8 kPa and the pressure at the higher altitude at 252 K is 45.6 kPa.
Assume the balloon does not burst. Show a correct numerical setup for calculating the volume of the
balloon at the higher altitude.

27. What Celsius temperature is equal to 252 K?

28. What pressure, in atmospheres (atm), is equal to 45.6 k.Pa?

Base your answers to questions 29 and 30 on the diagram below, which shows a piston confining a gas in a

cylinder.

29. The gas volume in the cylinder is 6.2 milliliters and its pressure is 1.4 atmospheres. The piston is then
pulled outward until the gas volume is 12.4 milliliters while the temperature remains constant.

a Calculate the pressure, in atmospheres, after the change in volume. Show all work, round your answer for

significant figures and include an appropriate unit.

b Explain, in terns of particle collisions and volume, the change in pressure of the gas as the piston was

pulled outward.

30. Sketch the general relationship between the pressure and the volume of an ideal gas at constant

temperature.

38
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Answer Key

Behavior of Gases Exam 2017

1.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

24.

25.

c

c

c

c

c

c

— fractional
distillation —

distillation

26.

27.

28.

29.

30.

52.5 x 252

-210C

.45 or 0.45

asa
!00.8
45.6

= 0.7

eQ-L

dLC)U-u.c

dacxaue-.> Qt•e-uuna.

Acceptable responses:

Particles move

slower; The
molecules will slow

down as the

temperature

decreases; The

average kinetic energy

of the particles

decreases; decreases.
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