HONORS CHEMISTRY

          Mr. Rivas

GAS LAWS
The following are physical properties that common to all gases:

1. Gases have low density and consequently low mass.

2. Gases are compressible. If the pressure exerted on a gas is increased the volume decreases. 

3. Gases fill totally the container in which they are placed.

4. Gases can move through each other (diffusion).

5. Gases exert pressure.

6. The pressure exerted by a gas depends on the temperature. If the temperature is increased, the pressure increases.

Based on these observations, Boyle, Charles, and Gay-Lussac developed their empirical formulas. Let’s see these laws in detail and later on we will present a model that explains all of them.

Boyle’s Law

The volume of a gas sample at constant temperature is inversely proportional to the pressure exerted on the gas sample
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Example: A sample of xenon gas is placed in a container and sealed with a movable piston (similar to the drawing above). The volume of the gas sample is 648 cm3 at a pressure of 1.6 atm. What will be the volume if the pressure is decreased to 0.60 atm.  1728
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Charles’s Law

The volume of a gas sample at constant pressure is directly proportional to the absolute temperature (kelvins) of the gas sample
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Example: The temperature of a 1.40-L gas sample, placed in a cylinder with a movable piston, is increased from 12 ºC to 84 ºC. What will be the volume of the gas assuming that the pressure is kept constant? 
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Gay-Lussac Law

The pressure of a gas sample enclosed in a fixed-volume container is directly proportional to the absolute temperature of the gas (kelvins). 
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Example: A sulfur dioxide gas sample is placed in fixed-volume container at a temperature 240 K. The manometer connected to the gas indicates a pressure of 796 mmHg. What would the pressure of the gas if the temperature is increased to 380 K? 
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Avogadro Principle

The volume of a gas sample kept at constant temperature and constant pressure is directly proportional to the quantity of the gas in the sample (number of moles).
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Example: A balloon, with a volume of 58.24 L, holds 2.6 moles of carbon dioxide. What would be its volume if 0.8 moles of the gas are added to the balloon? Assume the same initial and final pressure and temperature.


[image: image10.wmf]L

mol

mol

L

n

n

V

V

16

.

76

6

.

2

)

8

.

0

6

.

2

(

24

.

58

1

2

1

2

=

+

´

=

´

=


Exercise : What would be the volume in the container after the indicated changes?
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Exercise: Determine the volume after the changes in the conditions are done.
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Combined Gas Law

The summary of the individual gas laws can be summarized as the combined gas law:
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Example:  An argon sample that occupies a volume of 216.1 L contains 8.4 moles of a gas at a temperature of 24 ºC and 720 mmHg. If 3.2 moles of this gas sample are transferred to a 124 L container kept at 0 ºC, what will be the pressure of the gas?
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STP Conditions

We can easily measure the amount of a liquid or a solid using a balance. We measure the mass of a gas sample indirectly by determining the number of moles. To determine the number of moles we use the variables: Volume, Pressure, and Temperature.

In order to standardize the measurement of gases we use the following standard conditions of pressure and temperature (STP): 

Pressure: 101.325kPa (1 atm)   and
Temperature: 273K (0 ºC)

These conditions are called the standard conditions of temperature and pressure or simply STP conditions.

It has been proven experimentally that the volume of one mole of ANY gas occupies a volume of 22.4L at STP conditions.

The volume of one mole of a gas is called the molar volume.

Lorenzo Romano Amedeo Carlo Avogadro

(counted 1 mole of atoms of oxygen to verify the number 6.02x1023) *
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Example:  26 g of neon gas, 46 g of oxygen, and 12 g of nitrogen are placed in a balloon kept at STP conditions. What will be the volume of the balloon? 

Let’s compute the total number of moles:

Moles of neon 
nNe = 26 g / 20.18  = 1.288 mol  

Moles of oxygen
nO2 = 46 g / 32.00  = 1.438 mol

Moles of nitrogen
nN2 = 12 g / 28.01  = 0.428 mol

Total number of moles (n)                       ( 3.154 mol

Volume at STP = n x 22.4 L =  3.154 x 22.4 = 70.65 L

Kinetic Molecular Theory

A model has been developed that explains all the gas laws. This model is known as the Kinetic Molecular Theory (KMT). The KMT includes the following postulates (statement assumed to be true unless proven otherwise):

1. Gases are comprised of very small particles with a mass.

    Explains we can not see the gas particles and why a basketball is 

    heavier when filled with air.

2. Gas particles are far apart from each other (The volume of the 

    particles is negligible compared to the volume of the container)

    Explains why gases are compressible.

3. Gas particles are in fast and constant random motion (straight line 

    motion until a collision occurs)

    Explains why gases occupy entirely, the container in which they are 

    placed and why gases effuse among themselves.
4. Collisions of gas particles are perfectly elastic (no loss of energy).

    Explains how a gas exerts pressure. When the particles collide with 

    the walls of the container, they exert a force on the walls. The 

    pressure remains constant.
5. The average kinetic energy of the gas particles is directly 

    proportional to the temperature of the gas.

    Explains why a hotter gas exerts greater pressure. As the 

    temperature increases the gas particles acquire more kinetic energy 

    and when they collide they do it more forcibly.
6. There is no electrostatic interaction between gas particles (no 

    attractions or repulsions)

    Explains why the gases do not become liquids or solids.

It interesting to note that the KMT was proposed somewhat before John Dalton’s atomic theory was accepted. In fact the KMT helped in convincing the scientists of the time that the atomic theory has some validity.

How does the KMT explains the Gas Laws
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The Ideal Gas Law and the Universal Gas Constant (R)

Combining Boyle’s Law, Charles’s Law, and the Avogadro Principle we can write:

PV = nRT

This is the famous Ideal Gas Law where:

P = Pressure in kilopascal (kPa)

V = Volume in liters (L)

n = number of moles (mol)

R = Universal gas constant  (8.315 kPa•L/mol•K)
T = Absolute temperature (K)temperature
Since we know that 22.4 L of any gas contains exactly one mole of any gas, we can use this information to compute the value of R.  
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The Ideal Gas Law (PV = n RT) is a powerful tool when working with gases. Here we have some examples:

Example: 

Compute the volume that will be occupied by 12 g of nitrogen gas at 26 ºC and 0.75 atm of pressure.

Keep in mind that when working with the value of R = 8.315, we must have the pressure in kPa, the temperature in kelvins, and the volume in liters. 

number of moles = mass / molar mass     (  n = m/M  )

Molar mass of O2 = 2 x 16 = 32 g/mol     n = 12 g/32 = 0.375 mol

P = 0.75 atm x 101.325 kPa/atm = 75.994 kPa

T = 26 ºC + 273 = 299 K

Using the ideal gas law:    
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Replacing values    
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Dalton’s Law of Partial Pressures

In addition to his Atomic Theory, John Dalton was also active in the study of gases. He advanced the notion that the particles of a specific gas in a gas mixture act independently of the particles of the other gases when exerting pressure. In other words the pressure exerted by a specific gas in a gas mixture can be computed as if the gas were alone in the container. 

Example: A 12 L container holds a gas mixture of 6 moles of nitrogen and 16 moles of helium. The container is kept at 298 K. What is the pressure exerted by each gas?
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Additionally Dalton’s stated the Law of Partial Pressures:

“The sum of the partial pressures of all the components in a gas mixture is equal to the total pressure of the mixture”

PTotal = PA  +  PB  +  PC  + …

In the above example the total pressure in the container would be:
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Example: A container that holds a mixture of argon, helium and hydrogen gases have a total pressure of 2.7 atm. What is the pressure of the hydrogen gas if the pressure exerted by the argon gas is 0.4 atm and the exerted by the helium gas is 380 mmHg. Give your answer in atmospheres. 

We need to convert the pressure of He to atm  PHe = 380/760 = 0.5 atm

PT = PAr  +  PHe  +  PH2   from this equation we can write:

PH2  =  PT - PAr  -  PHe  =   2.7 atm – 0.4 atm – 0.5 atm =  1.8 atm 

Molar mass of a gas

Since we know that the number of moles is equal to the mass divided 

by the molar mass, 
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Example: A 29.5–g sample of a gas has a volume of 18.2 L at 320 K and 98 kPa. What is the molar mass of the gas?
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Density of a gas

Since we know that the density is equal to the mass divided by the volume 
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Example: What is the density of SO3 at STP conditions?
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Velocity of a gas particle
The average kinetic energy of gas particles and consequently their average velocity depend entirely on the absolute temperature. Notice that the individual gas particles of the same substance at the same temperature have different velocities. Some particles are moving fast and some are moving slowly. The following formula allows us to compute the root-mean-square velocity of a gas molecule (vrms). This velocity is very close to the average velocity of the molecules.
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Example: Determine the root-mean-square velocity of a molecule of carbon monoxide at 24ºC
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Temperature and Speed of gas particles
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Graham’s Law Speed of effusion and diffusion

Gas particles can move through each other. We say that the gases effuse through each other. Gases can also escape through small perforations. We say that gases defuse through small openings. Both of these properties of gases are related to the velocity of the gas molecules. As we know the average kinetic energy of gas molecules is only a function of the absolute temperature. 

Since the average kinetic energy of all gas particles, regardless of their nature, must be the same at a same temperature, we must conclude that the more massive particles move slower than the small ones in order for all of them to have the same average kinetic energy. This means that if we have two gases A and B with different molar masses at the same temperature:

KEA = KEB  which can be written as:        
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Where MA is the molar mass of compound A

    and vA is the average velocity of compound A  

and the same for compound B.

Rearranging the equation above we can write:
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The above formula is known as the Graham’s Law of Effusion

It says that the velocity of effusion (or diffusion) of two different gases at the same temperature is inversely proportional to the square root of their molar masses. 

Example: What the ratio of the effusion velocities of Neon and sulfur trioxide?

Molar mass of neon

= 20.18 g

Molar mass of sulfur trioxide
= 80.06 g
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Pictorials of diffusion and effusion
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Velocities of different gas molecules at the same temperature
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Exercise: What will be the pressure of the system when the stopcocks are opened? Assume that the tubes connecting the bulbs have zero volume and that the temperature remains constant.
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