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Date:_________________

Gas Law Worksheet

Introduction:
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Last term, we learned much about solids and how they behave (inter- & intra- molecular forces).  In this term we will focus on two other states of matter - gases and liquids.  Let’s start by looking at the behaviors of gases.  

Gases generally consist of atoms and molecules that are covalently bonded, and their intermolecular forces are very weak. The molecules of a gas are highly separated, so we say that gases are mostly empty space. A gas has no definite shape—it will take the shape of the container that holds it, and gases are easily compressible. 

List some properties of gas:  ____________________________________________________________________________

____________________________________________________________________________

I.  Kinetic Theory of Gases
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Gases can be studied by considering the small scale action of individual molecules or by considering the large scale action of the gas as a whole. We can directly measure, or sense, the large scale action of the gas. But to study the action of the molecules, we must use a theoretical model. The model, called the kinetic theory of gases, assumes that the molecules are very small relative to the distance between molecules. The molecules are in constant, random motion and frequently collide with each other and with the walls of any container.
The temperature of a gas is a measure of the mean kinetic energy of the gas. The molecules are in constant random motion, and there is an energy (mass x square of the velocity) associated with that motion. The higher the temperature, the greater the motion.

II.  Measuring the Pressure of a Gas
Gas pressure is a gauge of the number and force of collisions between gas particles and the walls of the container that holds them. As the gas molecules collide with the walls of a container, the molecules impart momentum to the walls, producing a force that can be measured. 
The SI unit for pressure is the pascal (Pa), but other pressure terms include atmospheres (atms), millimeters of mercury (mmHg), and torr. The following is a list of all of the standard pressure in every unit for pressure (at sea level).
760 mmHg = 760 torr = 1.00 atm = 101,325 Pa = 101.325 kPa
The piece of lab equipment specifically designed to measure the pressure of gases is known as the barometer. A barometer uses the height of a column of mercury to measure gas pressure in millimeters of mercury or torr (1 mmHg = 1 torr). The mercury is pushed up the tube from the dish until the pressure at the bottom of the tube (due to the mass of the mercury) is balanced by the atmospheric pressure. 
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The open-tube manometer is another device that can be used to measure pressure. The open-tube manometer is used to measure the pressure of a gas in a container.
As we study gases, we are going to assume that these are ideal gases.  This means that we have to make some assumptions.  In ideal gases,
1. All gas particles are in constant, random motion. 

2. All collisions between gas particles are perfectly elastic (meaning that the kinetic energy of the system is conserved). 

3. The volume of the gas molecules in a gas is negligible. 

4. Gases have no intermolecular attractive or repulsive forces. 

5. The average kinetic energy of the gas is directly proportional to its Kelvin temperature and is the same for all gases at a specified temperature.

Only four measurable properties are used to describe a gas: its quantity, temperature, volume, and pressure. The quantity (amount) of the gas is usually expressed in moles (n). The temperature, T, of gases must always be converted to the Kelvin temperature scale (the absolute temperature scale). The volume, V, of a gas is usually given in liters. Finally, the pressure, P, of a gas is usually expressed in atmospheres. Gases are often discussed in terms of standard temperature and pressure (STP), which means 273K (or 0ºC) and 1 atm. 

III.  Charles’ Law
Charles’ law states that if a given quantity of gas is held at a constant pressure, its volume is directly proportional to the absolute temperature. Think of it this way. As the temperature of the gas increases, the gas molecules will begin to move around more quickly and hit the walls of their container with more force—thus the volume will increase. Keep in mind that you must use only the Kelvin temperature scale when working with temperature in all gas law formulas! Here’s the expression of Charles’s law that you should memorize:
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Observation (draw and explain the demonstration performed): 

Demo – Balloon over an Erlenmeyer Flask (on a hot plate)
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Explanation: 
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Try using Charles’s law to solve the following problem.

Example

A sample of gas at 15ºC and 1 atm has a volume of 2.50 L. What volume will this gas occupy at 30ºC and 1 atm? 
Answer:

Charles’ Law Practice Problems

1)
The temperature inside my refrigerator is about 40 Celsius.  If I place a balloon in my fridge that initially has a temperature of 220 C and a volume of 0.50 liters, what will be the volume of the balloon when it is fully cooled by my refrigerator?

2)
A man heats a balloon in the oven.  If the balloon initially has a volume of 0.40 liters and a temperature of 20 0C, what will the volume of the balloon be after he heats it to a temperature of 250 0C?

3)
On hot days, you may have noticed that potato chip bags seem to “inflate”, even though they have not been opened.  If I have a 250 mL bag at a temperature of 19 0C, and I leave it in my car which has a temperature of 60.00 C, what will the new volume of the bag be?

4) A soda bottle is flexible enough that the volume of the bottle can change even without opening it.  If you have an empty soda bottle (volume of 2.0 L) at room temperature (25 0C), what will the new volume be if you put it in your freezer (-4.0 0C)?

5) Some students believe that teachers are full of hot air.  If I inhale 2.2 liters of gas at a temperature of 180 C and it heats to a temperature of 380 C in my lungs, what is the new volume of the gas?

6)
How hot will a 2.3 L balloon have to get to expand to a volume of 400. L?  Assume that the initial temperature of the balloon is 25 0C.
IV. Boyle’s Law 
Boyle’s law simply states that the volume of a confined gas at a fixed temperature is inversely proportional to the pressure exerted on the gas. This can also be expressed as PV = a constant. This makes sense if you think of a balloon. When the pressure around a balloon increases, the volume of the balloon decreases, and likewise, when you decrease the pressure around a balloon, its volume will increase.  Boyle’s law to can also be expressed in the following way, and this is the form of the law that you should memorize:
P1V1 = P2V2
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Observation (draw and explain the demonstration performed): 

Demo 1 (Cartesian diver)









Explanation: 


Demo 2 (marshmallow in vacuum)










Explanation: 


Example

Sulfur dioxide (SO2) gas is a component of car exhaust and power plant discharge, and it plays a major role in the formation of acid rain. Consider a 3.0 L sample of gaseous SO2 at a pressure of 1.0 atm. If the pressure is changed to 1.5 atm at a constant temperature, what will be the new volume of the gas?
Answer
Boyles’ Law Practice Problems
Use Boyles’ Law to answer the following questions:
1) 1000 mL of a gas at standard temperature and pressure is compressed to 473 mL.  What is the new pressure of the gas?
2) Synthetic diamonds can be manufactured at pressures of 6.00 x 104 atm.  If we took 2.00 liters of gas at 1.00 atm and compressed it to a pressure of 6.00 x 104 atm, what would the volume of that gas be?
3) Part of the reason that conventional explosives cause so much damage is that their detonation produces a strong shock wave that can knock things down.  While using explosives to knock down a building, the shock wave can be so strong that 12.0 liters of gas will reach a pressure of 3.8 x 104 mm Hg.  When the shock wave passes and the gas returns to a pressure of 760. mm Hg, what will the volume of that gas be?
4) Submarines need to be extremely strong to withstand the extremely high pressure of water pushing down on them.  An experimental research submarine with a volume of 15,000 liters has an internal pressure of 1.20 atm.  If the pressure of the ocean breaks the submarine forming a bubble with a pressure of 250. atm pushing on it, how big will that bubble be?
V.  Combined Gas Law
The combined gas law states that the pressure and volume of a gas are inversely proportional to each other, but directly proportional to the temperature of that gas.

Mathematically, this can be represented as:

PV/ T = k
Because the formula is equal to a constant, it is possible to solve for a change in volume, temperature, or pressure using a proportion:

P1V1/ T1 = P2V2/T2
The Combined Gas Law is a combination of Boyle's and Charles' Laws. The Combined Gas Law describes the relationship between pressure, volume, and temperature. 

The Combined Gas Law can be used to solve any Boyle's or Charles' Law problem. If one of the variables remains constant, disregard that variable by leaving it out of your equation or setting it to the same value on either side of the equals sign. 

Calculations with the Combined Gas Law: 
Example #1:  If I initially have a gas at a pressure of 12 atm, a volume of 23 liters, and a temperature of 200. K and then I raise the pressure to 14 atm and increase the temperature to 300. K, what is the new volume of the gas?

Example #2:  If I have 21 liters of gas held at a pressure of 78 atm and a temperature of 900 K, what will be the volume of the gas if I decrease the pressure to 45 atm and decrease the temperature to 750 K?

Combined Gas Law Practice Problems

Use the combined gas law to solve the following problems:

1)
A gas takes up a volume of 17 liters, has a pressure of 2.3 atm, and a temperature of 299 K.  If I raise the temperature to 350 K and lower the pressure to 1.5 atm, what is the new volume of the gas?

2)  A gas that has a volume of 28 liters, a temperature of 45 0C, and an unknown pressure has its volume increased to 34 liters and its temperature decreased to 35 0C.  If I measure the pressure after the change to be 2.0 atm, what was the original pressure of the gas?

3)  If I have 17 liters of gas at a temperature of 67 0C and a pressure of 88.89 atm, what will be the pressure of the gas if I raise the temperature to 94 0C and decrease the volume to 12 liters?

4)
A gas has a temperature of 14 0C, and a volume of 4.5 liters.  If the temperature is raised to 29 0C and the pressure is not changed, what is the new volume of the gas?

5)  I have an unknown volume of gas held at a temperature of 115 K in a container with a pressure of 60 atm.  If by increasing the temperature to 225 K and decreasing the pressure to 30 atm causes the volume of the gas to be 29 liters, how many liters of gas did I start with?
6)
I have an unknown volume of gas at a pressure of 0.50 atm and a temperature of 325 K.  If I raise the pressure to 1.2 atm, decrease the temperature to 320 K, and measure the final volume to be 48 liters, what was the initial volume of the gas?

VI.  Concept of Mole
The mole concept is one of the most feared and misunderstood concepts in all of chemistry.  Many adults who cringe at recalling Chemistry will tell you that they never understood that "mole stuff."  The funny thing about it is that the mole is really a very simple concept. 
You know that there are 12 items in a dozen.   No matter what the item, a dozen is equal to 12.  A gross is another unit of grouping.  There are 144 items in a gross.  A score, another set group, is equal to 20 items.  You can have a score of years or a score of rocks, but it will always be 20 items.  
Now, a mole is a unit of grouping, just like these examples.  The only difference is that a mole represents a large number of items, 602 000 000 000 000 000 000 000 (or 6.02 x 1023) items to be more specific.  What the items are doesn't matter.  You can have a mole of molecules, a mole of ions, or a mole of stars.  The number of items in a mole will always be 6.02 x 1023.   This number is known as Avogadro's number.

Why such a large number for the mole?   Well, why do they sell eggs in a dozen?  Maybe because no one wants to buy just one egg, and if you buy fifty, some will go bad before you eat them.  The reason we need so many items in a mole may be because we need to group molecules in very large groups in order to be able to get a measurable reading on our balances.  We can't find the mass of one atom, or even one gross of atoms, on our laboratory balances, the instruments are not sensitive enough.  We can, however, find the mass of one mole of atoms on our balance.
The real reason for packing 6.02 x 1023 items into a mole is because there are 6.02 x 1023 u (or atomic mass units) in one gram.  This allows us to use the mass numbers on the periodic table for both the mass of an atom (atomic mass)  and the mass of a mole of atoms (molar  mass), we only need to change the units. 
	Table 9-1a  Atomic and Molar Masses

	Element and Symbol
	Atomic Mass - Mass of 1 Atom
	Molar Mass - Mass of 6.02 x 1023 Atoms 

	Carbon - C
	12.0 u
	12.0 g

	Helium - He
	4.00 u
	4.00 g

	Copper - Cu
	63.5 u
	63.5 g

	Potassium - K
	39.1 u
	39.1 g


At this point, some of you might say "Hey, I thought that a mole is always 6.02 x 1023?  How can the molar mass of carbon and helium be different?"   That is like saying, "How can the weight of a dozen elephants be different than the weight of a dozen ants?  Shouldn't they both be 12?"  It is the number of items that is always the same, not the mass or weight or size of those items.

 Of course the periodic table can be used to determine the molar mass of molecules and formula units as well.  If the molecular mass is found in atomic mass units (u), the molar mass of that molecule will have the same value with the unit grams (g).  

	9-1b Molecular and Molar Masses

	Compound Name and Molecular Formula
	Molecular Mass - Mass of one Molecule
	Molar Mass - Mass of 6.02 x 1023 Molecules

	Water - H20
	18.0 u
	18.0 g

	Carbon Dioxide - CO2
	44.0 u
	44.0 g

	Glucose - C6H12O6
	180 u
	180 g


Show how to calculate molar mass of molecules
The mole allows us to do many of the important calculations that are required for quantitative analysis of samples in the lab.  Below we will go over examples of several types of these calculations.   When we use moles in calculations we will abbreviate the units to mol.  When we show the molar mass of a substance we will show the units in g/mole (read "grams per mole")
Avogadro’s Law

The volume of a gas at a given temperature and pressure is directly proportional to the quantity of the gas. Avogadro’s law, which is derived from this basic idea, says that the volume of a gas maintained at constant temperature and pressure is directly proportional to the number of moles of the gas, or 

V = constant[image: image1.png]


n (where n is the number of moles of the gas)
Molar Mass Calculation Practice Problems
Calculate the molar mass of the following molecules.

1. NaOH   
_________________________________
2. H2O  

_________________________________
3. MgCl2
_________________________________
4. CO2

_________________________________
Mole Calculation Practice Problems
Solve the following problems and show work.
1)
How many moles are in 15 grams of lithium?

2)
How many grams are in 2.4 moles of sulfur?

3)
How many moles are in 22 grams of argon?

4)
How many grams are in 88.1 moles of magnesium?

5)
How many moles are in 2.3 grams of phosphorus?

6)
How many grams are in 11.9 moles of chromium?

7)
How many moles are in 9.8 grams of calcium?

8)
How many grams are in 238 moles of arsenic?

Experiment:  Calculate the number of moles of CO2 in one breath.

VII. The Ideal Gas Law
The ideal gas law is the most important gas law for you to know:   it combines all of the laws you learned about in this chapter thus far, under a set of standard conditions. The four conditions used to describe a gas—pressure, volume, temperature, and number of moles (quantity)—are all related, along with R, the universal gas law constant, in the following formula:

PV = nRT
where P = pressure (atm), V = volume (L), n = number of moles (mol), R = 0.08206 L · atm/mol · K, and T = temperature (K).

Now try an example using the ideal gas law equation.
Example

A 16.0 g sample of methane gas, CH4, the gas used in chemistry lab, has a volume of 5.0 L at 27ºC. Calculate the pressure.

Explanation

Looking at all the information given, you have a mass, a volume, and a temperature, and you need to find the pressure of the system. As always, start by checking your units. You must first convert 16.0 g of CH4 into moles: 16.0 g CH4[image: image2.png]


1 mol CH4/16.0 g CH4 = 1 mol of methane. The volume is in the correct units, but you must convert the temperature into Kelvins: 27 + 273 = 300K. Now you’re ready to plug these numbers into the ideal gas law equation:

PV = nRT 
(P) (5.0 L) = (1.0 mol) (0.0821 L[image: image3.png]


atm/mol[image: image4.png]


K) (300K), so P = 4.9 atm

Ideal Gas Law Practice Problems

Use the ideal gas law to solve the following problems:

1)
If I have 4 moles of a gas at a pressure of 5.6 atm and a volume of 12 liters, what is the temperature?

2)
If I have an unknown quantity of gas at a pressure of 1.2 atm, a volume of 31 liters, and a temperature of 87 0C, how many moles of gas do I have?

3)
If I contain 3 moles of gas in a container with a volume of 60 liters and at a temperature of 400 K, what is the pressure inside the container?

4)
If I have 7.7 moles of gas at a pressure of 0.09 atm and at a temperature of 56 0C, what is the volume of the container that the gas is in?

5)
If I have 17 moles of gas at a temperature of 67 0C, and a volume of 88.89 liters, what is the pressure of the gas?

6)
If I have an unknown quantity of gas at a pressure of 0.50 atm, a volume of 25 liters, and a temperature of 300 K, how many moles of gas do I have?

7)
If I have 21 moles of gas held at a pressure of 78 atm and a temperature of 900. K, what is the volume of the gas?

8)
If I have 1.9 moles of gas held at a pressure of 5 atm and in a container with a volume of 50 liters, what is the temperature of the gas?

9)
If I have 2.4 moles of gas held at a temperature of 97 0C and in a container with a volume of 45 liters, what is the pressure of the gas?

10)
If I have an unknown quantity of gas held at a temperature of 1195 K in a container with a volume of 25 liters and a pressure of 560 atm, how many moles of gas do I have?

11)
If I have 0.275 moles of gas at a temperature of 75 K and a pressure of 1.75 atmospheres, what is the volume of the gas?

12)
If I have 72 liters of gas held at a pressure of 3.4 atm and a temperature of 225 K, how many moles of gas do I have?

VIII.  Dalton’s Law of Partial Pressures

Dalton’s law states that the pressure of a mixture of gases is the sum of the pressures that each of the individual gases would exert if it were alone: 

Ptotal = P1 + P2 + . . . Pn
Diffusion is the term used to describe the spread of a gas throughout a space or throughout a second substance.
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What happens to a car tire on a hot day?  Explain in terms of Charles’ Law.


____________________________________________________________________________________________
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Why do ears “pop” when you travel in an airplane?  Explain in terms of Boyle’s Law.


________________________________________________________________________________________________________
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