Unit 7 States of Matter: Name _______________________________________________  Date: ______________


	Code
	Unit 7 – States of Matter

Content Expectation
	Textbook Reference

	C2.2
	Molecules in Motion Molecules that compose matter are in constant motion (translational, rotational, vibrational). Energy may be transferred from one object to another during collisions between molecules.
	

	C2.2A
	Describe conduction in terms of molecules bumping into each other to transfer energy. Explain why there is better conduction in solids and liquids than gases.
	Section(s) 9.1,9.4,9.
5,9.7,9.8

Page(s) 197,202,204,207,211

	C2.2B
	Describe the various states of matter in terms of the motion and arrangement of the molecules (atoms) making up the substance.
	Chapter 9

Page(s) 197

	C2.2x
	Molecular Entropy As temperature increases, the average kinetic energy and the entropy of the molecules in a sample increases. 
	

	C2.2c
	Explain changes in pressure, volume, and temperature for gases using the kinetic molecular model.
	Section(s) 9.1,9.2,1
0.1-10.9

Page(s) 197,198,221-233

	C2.2f



	Compare the average kinetic energy of the molecules in a metal object and a wood object at room temperature.
	Teacher Supplement

	C3.3
	Heating Impacts Heating increases the kinetic (translational, rotational, and vibrational) energy of the atoms composing elements and the molecules or ions composing compounds. As the kinetic (translational) energy of the atoms, molecules, or ions increases, the temperature of the matter increases. Heating a sample of a crystalline solid increases the kinetic (vibrational) energy of the atoms, molecules, or ions. When the kinetic (vibrational) energy becomes great enough, the crystalline structure breaks down, and the solid melts. 
	

	C3.3A
	Describe how heat is conducted in a solid.
	Teacher Supplement

	C3.3B
	Describe melting on a molecular level.
	Section(s) 9.8

Page(s) 210

	C4.3
	Properties of Substances Differences in the physical and chemical properties of substances are explained by the arrangement of the atoms, ions, or molecules of the substances and by the strength of the forces of attraction between the atoms, ions, or molecules. 
	

	C4.3A
	Recognize that substances that are solid at room temperature have stronger attractive forces than liquids at room temperature, which have stronger attractive forces than gases at room temperature.
	Chapter 9

Page (s) 197

	C4.3B
	Recognize that solids have a more ordered, regular arrangement of their particles than liquids and that liquids are more ordered than gases.
	Section(s) 1.4, 
Chapter 9

Page(s) 6,197

	C4.5x
	Ideal Gas Law The forces in gases are explained by the ideal gas law. 
	

	C4.5a
	Provide macroscopic examples, atomic and molecular explanations, and mathematical representations (graphs and equations) for the pressure-volume relationship in gases.
	Section(s) 10.6

Page(s) 226

	C4.5b
	Provide macroscopic examples, atomic and molecular explanations, and mathematical representations (graphs and equations) for the pressure-temperature relationship in gases.
	Section(s) 10.8

Page(s) 230

	C4.5c
	Provide macroscopic examples, atomic and molecular explanations, and mathematical representations (graphs and equations) for the temperature-volume relationship in gases.
	Section(s) 10.7

Page(s) 228


                               Vocabulary

	Conduction

Kinetic molecular model

Kelvin temperature

Order (of atoms/molecules)
Pressure-temperature relationship
	Pressure-volume relationship

Rotational motion

Temperature-volume relationship

Translational motion

Vibrational motion


Molecules in Motion: 
States of Matter: Movement of Particles-vibrational, rotational, and translational 
http://preparatorychemistry.com/KMT_flash.htm
http://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=658
http://www.teachersdomain.org/asset/lsps07_int_naturematter/
http://www.teachersdomain.org/asset/lsps07_int_heattransfer/ (illustration of convection)
Kinetic refers to motion. The energy an object has because of its motion is called kinetic energy. Atoms or molecules transfer kinetic energy to their neighbors through collisions. In a solid the atoms are very close to each other and therefore have only vibrational motion. In a liquid, atoms have the freedom to move relative to each other and exhibit rotational motion. In a gas, atoms are very far apart from each other and between the atoms there is empty space. No attractive or repulsive forces exist between the atoms. The atoms travel in straight lines until they collide with each other or the walls of their container. The average speed of oxygen molecules in air at 200C is 1700 km/h. Conduction is the transfer of heat energy through matter from atom to atom. For example, hot liquids can make the handle of a metal spoon hot through conduction and cooking pans get hot because of the conduction of heat. Heat can make atoms vibrate, or set electrons in motion. The heat is transferred when the vibration or motion of one atom is passed on to a neighboring atom. This motion continues throughout the solid and works well in solids because the atoms are close together, it works poorly in liquids and gases because the atoms are farther apart. Liquids and gases can move high or low energy atoms to another region through convection. Convection is the transfer of heat by the actual movement of the warmed atoms. Here the atoms gain energy and travel in currents. Atoms can radiate energy that can energize a distant atom, resulting in heat transfer by radiation. Radiation is the transfer of energy along electromagnetic waves. 
Practice Skill:
1. In the space below diagram the various states of matter in relation to arrangement and movement of the atoms.

	State of Matter
	Solid
	Liquid
	Gas

	Diagram of Atoms
	
	
	

	Type of Motion
	
	
	


2. Per unit volume which one has more atoms, a solid, liquid or gas? __________________________

3. In the space below diagram the transfer of heat energy through conduction at the molecular level.

	


4. A student has two identical solid metal samples at 900C. She carefully places one of the metal samples into a beaker of water at 100C and the other into an empty beaker (only air) at 100C. Why would the metal sample placed into water cool faster than the one placed into air? 
A. Water has faster-moving molecules than air, enabling more heat transfer by conduction.

B. Water has more molecules per unit volume than air, enabling more heat transfer by conduction.

C. Air is made mostly of nitrogen which is too heavy an element to conduct heat.

D. Air is a gas and gases do not conduct heat.

5. Which of the following substances is the best conductor of transferring energy as heat?

  

A. carbon dioxide gas

C. iron


B. water


D. rubber

6.
 [image: image1.png]



From the above diagram identify the liquid state of matter. 

A. Y is in the liquid state because the atoms are close to each other, they have freedom to move relative to each other, and they are in a very disordered state.

B. Y is in the liquid state because the atoms are close to each other, they have freedom to move relative to each other, and they are in a somewhat ordered state.

C. Z is in the liquid state because the atoms are free to move relative to each other and they are in the disordered state as well as being close to each other.

D. Z is in the liquid state because the atoms are free to move relative to each other and they are in an ordered state as well as being close to each other.
Molecular Entropy: Entropy is the measure of the disorder of the arrangement of atoms. As heat energy is transferred to a substance the average kinetic energy of the substance increases, increasing the disorder of atoms, increasing the temperature of the substance.
Kinetic Molecular Theory: explains the states of matter, based on the concept that all matter consists of tiny particles that are in constant motion. 

Kinetic Molecular Theory of Gases:

1. in a gas particles are at a great distance , gases are mostly empty space, no attractive or repulsive forces  between particles (this is an assumption, in reality at some point there are forces of attraction between particles)
2. particles are in constant random motion, move alone straight line paths, frequently collide with each other and the walls of their container
3. collisions between these particles are perfectly elastic (particles do not lose energy when they collide)
Gases as mostly empty space:

                                         [image: image2.png]sodium in the solid state: ~ sodium in the liquid state: sodium in the gas state:





The behavior of gases can be explained by kinetic theory. It is assumed that because there is a relatively large distance between particles in a gas, that there is considerable empty space between these particles. This assumed large distance explains the compressibility of a gas. Compressibility is a measure of how much the volume of a gas decreases under pressure. 
[image: image3.png]Figure 14.1 A crash dummy
can be used totest the
effectiveness of an air bag.
Bacause gases can be
compressed, the air bag
absorbs some of the energy
from the impact of 2 collision.
Air bags work best when
combined with seat belts




Kinetic theory can help explain other properties of gases, such as their ability to expand and take the shape and volume of their containers. Particles of a gas move in straight line paths until they collide with other particles or with the walls of their container. 

The pressure of a gas will depend on the number of gas particles, the temperature, and the size of its container:

Number of Gas Particles: If more gas is added to a fixed container there will be more collision of particles causing an increase in average kinetic energy which leads to an increase in pressure. If gas is taken out of a fixed container, the opposite will happen. 

[image: image4.png]Figure 14.4 When a as s pumped ino a losed igid
container,the pressure increases as more partices are added.
Ifthe number of particles s doubled, he pressure will double.
Predicting What would happen to thepressure in the
containerifthe number of particles were trpled? fthe
number of particies were cutinhaif?




Temperature: If heat is added to a gas in a fixed container average kinetic energy increases, the gas particles will speed up causing more collisions, the temperature will increase and the gas pressure will increase. If the heat is lowered in a fixed container, the opposite will happen.

                        [image: image5.png]Figure 147 Anincreasain
temperature causes an increase
in the pressure of an enciosed

ga5.The container can explods
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nthe pressure.




Size of Container: If the volume of a gas is increased the gas particles will undergo fewer collisions decreasing the average kinetic energy and the pressure of the gas will decrease. If the volume of a gas is decreased, the opposite will happen. 
                                           [image: image6.png]Volume.

Figure 14.6 A piston can be used to force a gasina
ylinder into a smalle volume. When the volume s
decraased, the pressure the gas exerts s increased.
Interpreting Diagrams What happens to the gas
pressure when the volume s reduced from 11 10 0.5L7
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The four variables used to describe the characteristic of a gas are:

· Pressure (P) measured in kilopascals (kPa)
101 kPa = 1 atm = 760 torr = 760 mmHg

· Volume (V) measured in liters (L) 

· Temperature (T) measured in kelvin (K)

· Amount of gas (n) measured in moles (mol)

Practice Skill:
1. Why is a gas easy to compress?
2. List three factors that can affect gas pressure.

3. Why does a collision with an air bag cause less damage than a collision with a steering wheel?

4. How does a decrease in temperature affect the pressure of a contained gas?

5. What happens to a gas at a fixed temperature if you increase the volume?

6. Assuming the gas in a container remains at a constant temperature, how could you increase the gas pressure in the container a hundredfold?

7. List the name, the symbol, and a common unit for the four variables that are generally used to describe the characteristics of a gas.

      8. 
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What can happen if too much gas is pumped into a sealed, rigid container?





9. Look at figure 14.5. In the space below explain what happens when the push button on an aerosol spray can is pressed?
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 [image: image9.png]Figure 14.5 The pressure of the
gasinside a new can of spray
paintis greater than the air
pressure outside the can. When
‘gasrushes though an opening in
tha top of the can,t propals,or
forces, paint out of the can. As
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10. 

[image: image10.png]When the volume is reduced by one half, what happens to the pressure?

Is the following sentence true or false? Raising the temperature of a

contained gas causes its pressure to decrease.

Circle the letter next to each sentence that correctly describes how gases
behave when the temperature increases.

a. The average kinetic energy of the particles in the gas increases as the
particles absorb energy.

b. Faster-moving particles impact the walls of their container with more force,
exerting greater pressure.

¢. When the average kinetic energy of the enclosed particles doubles,
temperature doubles and the pressure is cut in half.

Explain why it is dangerous to throw aerosol cans into a fire.

Decide whether the following sentence is true or false, and explain your
reasoning. When the temperature of a sample of steam increases from 100°C
10.200°C, the average kinetic energy of ts particles doubles.





11. Which description explains why damage to aerosol cans can occur if they are exposed to very high temperatures?

A. The molecules in the can move faster with more collisions against the inside wall of the can, resulting in a pressure so high that the can ruptures.

B. The molecules in the can slow down with more collisions against the inside wall of the can, resulting in a pressure so high that the can ruptures.

C. The molecules in the can move faster with fewer collisions against the inside wall of the can, resulting in a pressure so low that the can collapses.

D. The molecules in the can slow down with fewer collisions against the inside wall of the can, resulting in a pressure so low that the can collapses.

12. How does the pressure of an enclosed gas in a rigid container change when the gas is heated? Explain why this change occurs.

A. As the temperature increases the pressure decreases because the molecules slow down and since they are moving slower there are fewer collisions happening with a decrease in the force of collisions.

B. The pressure increases as the temperature increases causing a decrease in the average kinetic energy of the molecules. Since the molecules are moving slower these collisions are happening at a greater rate with a greater force. 

C. As the temperature increases, the pressure increases because the molecules are moving faster and since they are moving faster there are more collisions and these collisions are happening with a greater force.

D. The pressure decreases as the temperature increases causing a decrease in the average kinetic energy of the molecules. Since the molecules are moving slower these collisions are happening at a greater rate with a greater force. 

13. Which statement best describes the kinetic energy of the molecules in a solid piece of wood and the atoms in a solid piece of metal, both of which are at room temperature?

a. The wood molecules have a higher average kinetic energy than the metal atoms.

b. The wood molecules have a lower average kinetic energy than the metal atoms.

c. The wood molecules and metal atoms have the same average kinetic energy.

d. The wood molecules and metal atoms do not have kinetic energy since they are in the solid state.


Heating Impacts: States of Matter: http://www.visionlearning.com/library/module_viewer.php?mid=120
One of the basic concepts of kinetic molecular theory is the understanding that atoms and molecules are constantly moving and it is this energy of motion that causes temperature. A higher kinetic energy leads to a higher temperature. Heating increases the kinetic (vibrational, rotational, and translational) energy of atoms and compounds. When the kinetic vibrational energy in ice becomes great enough, the crystalline structure breaks down, and the ice begins to melt. At this point (00C) all of the energy is concentrated toward the breaking of the intermolecular forces between the ice molecules; kinetic energy and temperature is constant and will remain this way until all of the ice is melted. As the kinetic energy and the temperature remain constant, the states of matter will be ice and liquid. Once of all of the ice is melted, the temperature of the liquid will continue to rise if heat is applied; kinetic energy and temperature will continue to increase until 1000C is reached. At 1000C the liquid will begin to turn into vapor. At this point the rotational kinetic energy and temperature will remain constant as all of the energy in concentrated toward the breaking of the intermolecular forces between liquid molecules. The kinetic energy and temperature will continue to increase once all of the intermolecular forces between the liquid molecules are broken and all of the liquid has been transformed into vapor. 
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Practice Skill: 

1. The diagram below shows a heating curve for water.  

[image: image12.png]ic energy change




Describe what is happening to water at a molecular level as it melts.

A. As heat is supplied the molecules in the ice begin to move faster and the temperature in the ice increases until it reaches 00C. Heat continues to be added for a while but the temperature remains at 00C as all of the energy is used to overcome the intermolecular forces. Once all of these forces are overcome all of the ice melts at 00C .

B.  As heat is supplied the molecules in the ice begin to slow down and the temperature in the ice increases until it reaches 00C. As soon as the temperature in the ice reaches 00C the molecules in the ice have gained enough potential energy to change from a solid to a liquid and the ice melts.

C. As heat is supplied the molecules in the ice begin to move faster and the temperature in the ice increases until it reaches 00C. As soon as the temperature in the ice reaches 00C the molecules in the ice have gained enough potential energy to change from a solid to a liquid and the ice melts.

D. As heat is supplied the molecules in the ice begin to move faster and the temperature in the ice increases until it reaches 00C. Heat continues to be added for a while but the temperature remains at 00C as all of the energy is used to overcome the intermolecular forces. Once all of these forces are overcome the ice melts at 00C and the molecules begin to slow down.

2. The graph below represents the relationship between temperature and time as heat is added to a sample of water. Choose the correct response as the temperature increases.

[image: image13.png]Temperature (°C)

Heating Curve for H,0





A. Between points A & B vibrational energy decreases and average kinetic energy decreases.

B. Between points A & B potential energy increases and average kinetic energy increases.

C. Between points B & C potential energy increases and average kinetic energy remains the same.

D. Between points C & D rotational energy remains the same and average kinetic energy remains the same.

3. Explain how heat is conducted in solids.

A. In solids atoms are tightly held together through chemical bonds and are not free to move from one place to another. The atoms vibrate in place. Hot atoms will vibrate more than cold atoms. If one side of a solid is heated the hot atoms will pull and tug on their colder neighbors transferring heat throughout the solid like a wave.

B. In solids atoms are not tightly held together and are free to move from one place to another. The atoms vibrate in place. Hot atoms will vibrate more than cold atoms. If one side of a solid is heated the hot atoms will pull and tug on their colder neighbors transferring heat throughout the solid like a wave.

C. In solids atoms are tightly held together through chemical bonds and are not free to move from one place to another. The atoms rotate in place. Hot atoms will rotate more than cold atoms. If one side of a solid is heated the hot atoms will collide with their colder neighbors transferring heat throughout the solid like a wave.

D. In solids atoms are not tightly held together through chemical bonds and are free to move from one place to another. The atoms rotate in place. Hot atoms will rotate more than cold atoms. If one side of a solid is heated the hot atoms will collide on their colder neighbors transferring heat throughout the solid like a wave.

4. Look at the following graph and describe what is happening in your own words what is happening at the molecular level in terms of intermolecular forces, kinetic energy and temperature. 


[image: image14.png]Temperature (°C)

Heating Curve for H,0





Between points A and B:

Between points B and C:

Between points C and D:

At point D:

Properties of Substances: The differences observed between chemical and physical properties of substances can be explained by the arrangement of atoms and compounds which relates to the forces of attraction between the atoms or compounds. Intermolecular forces (van der Waals and hydrogen bonding), are weaker than covalent bonds which are weaker that ionic bonds. Chlorine gas Cl2, bromine liquid Br2, and I2 solid are all covalent bonds between their atoms. The reason Cl2 is a gas, Br2 a liquid, and I2 a solid is because there are fewer electrons in Cl2, more in Br2, and the most in I2. In addition to being covalently bonded, between the molecules of Cl2, Br2, and I2 there exists intermolecular forces of attraction, van der Waals. The more electrons results in stronger forces, which explains why I2 is a solid. A solid has the most ordered state of arrangement of atoms because the stronger forces pull the atoms very close to each other. Fewer electrons results in weaker forces, which explains why Cl2 is a gas. In a gas the atoms have a highly random, disordered arrangement because the forces of attraction are so weak there are relatively no forces of attraction between them. Br2 is in between so it is a liquid. In a liquid the arrangement of atoms is between highly ordered to highly disordered.
States of Matter-Science Theaters: http://www.neok12.com/php/watch.php?v=zX580a7d6f5a60717d50560a&t=States-of-Matter
Attractions between Molecules:    

[image: image15.png]The sharing of electrons binds atoms
into molecules. If no other forces were
present,all covalently bonded mole-
cules would be gases at any tempera-
ture.No attractive forces would tend to
pull them together to form aliquid or
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[image: image18.png]Intermolecular Attractions and

Molecular Properties
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Practice Skill: 

1. Compare the strengths of intermolecular attractions to the strengths of ionic bonds and covalent bonds, which is the strongest force of attraction

2. Explain why network solids have high melting points.

3. Explain why chlorine is a gas, bromine a liquid, and iodine a solid at room temperature.

A. Chlorine has the weakest attractive forces making it a solid at room temperature and iodine has the strongest attractive forces making it a gas. The forces of bromine are in between these two making it a liquid.

B. Chlorine has the strongest attractive forces making it a liquid at room temperature and iodine has the weakest attractive forces making it a solid at room temperature and bromine is in between these two making it a gas. 

C. Iodine has the strongest attractive forces making it a solid at room temperature and chlorine has the weakest attractive forces making it a gas. The forces of bromine are in between these two making it a liquid.

D. Iodine has the weakest attractive forces making it a solid at room temperature and chlorine has the strongest attractive forces making it a gas. The forces of bromine are in between these two making it a liquid. 

4. The temperature of an unknown substance was measured as it cooled. The temperature of the substance over time was graphed and the graph was divided into five different zones, as shown below. Describe what is happening in terms of particles between the different states of matter this substance goes through.
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A. At segment E the substance is in its solid state and the particles do not have an ordered arrangement.

B. At segment E the substance is in its solid state and the particles have the most ordered arrangement.

C. At segment A the substance is in its liquid state and the particles have the most ordered arrangement.

D. At segment A the substance is in its gas state and the particles have the most ordered arrangement.

Ideal Gas Law: The forces in gases are explained by the ideal gas law. The ideal gas law describes the relationship between the pressure, volume, number of moles, the gas constant, and the temperature of a gas. 

Boyle’s: http://preparatorychemistry.com/Bishop_Boyles_Law_Flash1.htm
               http://preparatorychemistry.com/Bishop_Boyles_frames.htm
                       [image: image20.png]Boyle’s Law: Pressure and Volume
How would an increase in pressure affect the volume of a contained gas?
C If the temperature is constant, as the pressure of a gas increases, the
volume decreases. In turn, as the pressure decreases, the volume increases.
Robert Boyle was the first person to study this pressure-volume relation-
ship in a systematic way. In 1662, Boyle proposed a law to describe the
relationship. Boyle's law states that for a given mass of gas at constant
temperature, the volume of the gas varies inversely with pressure.

Look at Figure 14.8. A gas with a volume of 1.0 L (V,) is at a pressure of
100 kPa (P,). As the volume increases to 2.0 L (V;), the pressure decreases to
50 kPa (P,). The product P, x V; (100 kPa x 1.0 L = 100 kPa-L) is the same
as the product P, x V, (50 kPa x 2.0 L = 100 kPa-L). As the volume
decreases to 0.5 L (V3), the pressure increases to 200 kPa (Py). Again, the
product of the pressure and the volume equals 100 kPa-L.





[image: image21.png]Figure 14.8 The pressure of a
gas changes as the volume
changes.

a.0bserving When the
volumeis 20, whatis the
pressure?
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<. Drawing Conclusions
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[image: image22.png]Inan inverse relationship, the product of the two variable quantities is
constant. So the product of pressure and volume at any two sets of pressure
and volume conditions is always constant at a given temperature. The
‘mathematical expression of Boyle's law is as follows.

‘The graph of an inverse relationship is always a curve, as in Figure 14.8.




[image: image23.png]SAMPLE PROBLEM 14.1

Using Boyle’s Law
Aballoon contains 30.0 L of helium gas at 103 kPa. What is the volume
of the helium when the balloon rises to an altitude where the pressure
is only 25.0 kPa? (Assume that the temperature remains constant.)

Analyze List the knowns and the unknown.

Knowns Unknown

P, = 103 kPa ev-tL

“V,=300L

«P,=250kPa

Use Boyle’s law (P, x V, = P, x V) to calculate the unknown
value (V,).

Calculate Solve for the unknown.
Rearrange Boyle's law to isolate V,.
VxR
K 5

Substitute the known values for P, V;, and P, into the equation
and solve.

3001 x 103kPa
250kPa

=124 % 10°L

Evaluate Does the result make sense?
A decrease in pressure at constant temperature must correspond to a
proportional increase in volume. The calculated result agrees with
both kinetic theory and the pressure-volume relationship. Also, the
units have canceled correctly and the answer is expressed to the
proper number of significant figures.





Practice Skill:
1. Nitrous oxide N2O is used as an anesthetic. The pressure on 2.50 L of N2O changes from 105 kPa to 40.4KPa. If the temperature does not change, what will the new volume be?
2. A gas with a volume of 4.00L at a pressure of 205 kPa is allowed to expand to a volume of 12.0L. What is the pressure in the container if the temperature remains constant? 

3. A given mass of air has a volume of 6.00L at 101 kPa. What volume will it occupy at 25.0 kPa if the temperature does not change?

4. What happens to the pressure of a constant mass of gas at a constant temperature when the volume is doubled?

A. The pressure is doubled.

B. the pressure remains the same.

C. The pressure is reduced by ½.

D. The pressure is reduced by ¼. 

5. If a balloon is squeezed, what happens to the pressure of the gas inside the balloon? 



A. It increases.



B. It stays the same.



C. It decreases.



D. The pressure depends on the type of gas in the balloon. 

6. In the space below draw a graph showing the inverse relationship between the volume and pressure of an ideal gas.

Charles’s: http://preparatorychemistry.com/Bishop_Charles_frames.htm
                                 [image: image24.png]Charles’s Law: Temperature and Volume

Figure 14.9 compares the volume of a balloon in a mixture of ice, salt, and
water to the volume of the same balloon in hot water. The amount of gas
and the pressure are constant. C As the temperature of an enclosed gas
increases, the volume increases, I the pressure Is constant.

In 1787, the French physicit Jacques Charles studied the effect of tem.-
‘perature on the volume of  gas a constant pressure. When he graphed his
data, Charles observed that a graph of gas volume versus temperature
(in*°C) is astraight line for any gas. When he extrapolated, or extended, the
line o zero volume (V=0),the line always intersected the temperature axis
at-273.15°C. This value s equal to 0 on the Kelvin temperature scale.

‘The observations that Charles made are summarized in Charles's law.
‘Charles's law states that the volume of a fixed mass of gas i dirctly propor-
tional to s Kelvin temperature f the pressureis kept constant. Look at the
graph in Figure 14.10. When the temperature is 300 . the volume is 1.0 L
‘When the temperature is 900 K. the volume is 3.0 L. In both cases, the ratio
of Vto Tis 00033,




[image: image25.png]Figure 14.10 Thi oraph shows
howthe volume changes as the
temperature of  gas changes.

a.Observing Whatis the
unit of temperature?
b.Drawing Conclusions

What happens to the volume.
as the temperature rises?

< Predicting ffthe tempera-
tureofa gas were 0K, what
would the volume ofthe.
gasbe?





                      [image: image26.png]“The ratio V,/ T, is equal to the ratio V,/ ;. Because this ratio is constant
at all conditions of temperature and volume, when the pressure is con-
stant, you can write Charles's law as follows.

“The ratio of the variables i always a constant in a direct relationship,
‘and the graph is always a straight line. It is not a direct relationship if the.
temperatures are expressed in degrees Celsius. So when you solve gas law
‘problems, the temperature must always be expressed in kelvins.





[image: image27.png]SAMPLE PROBLEM 14.2

Using Charles's Law

Aballoon inflated in a oomat 24°C has a volume of 400 L. The balloon.
s then heated to a temperature of 58°C. What is the new volume ifthe.
pressure remains constant?

Analyze Listthe knowns and the unknown.
Knowns Unknown
oV -100L vt
T
%
Use Charles’s law (V,/

VI3 to calculate the unknown value (V).

Calculate Solve for the unknown.
Because you will use a gas law; express the temperatures in kelvins.

4°C + 273 = 297K
°C + 273 = 381 K
Rearrange Charles's law to isolate V.

Substitute the known values for T, V;, and T into the equation
and solve.

Evaluate Does the result make sense?
‘The volume increases as the temperature increases. This result agrees.
with both the kinetic theory and Charles’s law.





Practice Skill:
1. If a sample of gas occupies 6.80 L at 3250C, what will its volume be at 250C it the pressure does not change?
2. Exactly 5.00L of air at -50.00C is warmed to 100.00C. What is the new volume if the pressure remains constant?

3. If pressure is constant, how does a change in temperature affect the volume of a gas?

4. A gas with a volume of 3 L at 150 0C is heated until its volume is 6 L. What is the new temperature of the gas if the pressure remains constant during the heating process?
5. What happens to the pressure of a gas inside a container if the temperature of the gas decreases?



A. The pressure increases.



B. The pressure does not change. 



C. The pressure decreases.



D. The pressure cannot be predicted. 

6. As the temperature of the gas in a balloon decreases, which of the following occurs?

a. The volume of the balloon increases.

b. The average kinetic energy of the gas decreases.

c. The gas pressure inside the balloon increases.

d. All of the above.

7. Assuming pressure is held constant, which of the following graphs shows how the volume of an ideal gas changes with temperature?
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Gay-Lussac’s: http://preparatorychemistry.com/Bishop_Gay_Lussac_frames.htm
[image: image29.png]Figure 14.11 Whena gasis
hested at constant volume,

the pressure increases.

Interpreting Diagrams How
can you tell from the drawings
that there s afixed amount of

‘gas n the cylinders?

200kPa

Gay-Lussac’s Law: Pressure and Temperature
‘When tires are not inflated to the recommended pressure, fuel efficiency
and traction decrease. Treads can wear down faster. Most importantly,
improper inflation can lead to tire failure. A driver should not check tire
pressure after driving  long distance because the ai n atire heats up dur-
ing a drive. (3 As the temperature of an enclosed gas increases, the
pressure increases, if the volume is constant.

Joseph Gay-Lussac (1775-1850),  French chemist, discovered the rela-
tionship between the pressure and temperature of a gas in 1802. His name-
ison the gas law that describes the relationship. Gay-Lussac’s law states that
the pressure of a gas is direcly proportional to the Kelvin temperature if
the volume remains constant. Look at Figure 14.11. When the temperature
15300K,the pressure s 100 kPa. When the temperature is doubled to 600K,
the pressure doubles to 200 kPa. Because Gay-Lussac's aw involves direct
proportions, the ratios P,/T; and Py/T; are equal at constant volume. You
can write Gay-Lussac’s aw as folows.




                                                    [image: image30.png]Gay-Lussac’s law can be applied to reduce the time it takes to cook
food. One cooking method involves placing food above a layer of water and
heating the water. The water vapor, or steam, that s produced cooks the
food. Steam that escapes from the pot is at @ temperature of about 100°C
‘when the pressure is near one atmosphere. In a pressure cooker, like the
‘one shown in Figure 14.12, steam s trapped inside the cooker. The temper-
ature of the steam reaches about 120°C. The food cooks faster atthis higher
temperature, but the pressure rises, which increases the risk of an explo-
sion. A pressure cooker has a valve that allows some vapor to escape when
the pressure exceeds the set value.




                                                                          [image: image31.png]



                                                                          [image: image32.png]Figure 14.12 In 3 pressure
cooker food cooks faster than
in an ordinary pot with a id.




[image: image33.png]SAMPLE PROBLEM 14.3

Using Gay-Lussac’s Law

‘Aerosol cans carry warnings on their labels that say not to incinerate.
(bum) them or store the cans above a certain temperature. This prob-
lem will show why it is dangerous to dispose of aerosol cans in a fire.
‘The gas in a used aerosol can s at a pressure of 103 kPa at 25°C. If the.
‘can s thrown onto a fire, what wil the pressure be when the tempera-
ture reaches 926°CT

Analyze Listthe knowns and the unknown.
Knowns Unknown

op, =103 kP op,=1kPa

o1 =25°C

o1 smC

Use Gay-Lussac’s law (T, = P./T;) to caleulate the unknown (P.).
Remember, because this problem involves temperatures and a gas aw,
the temperatures must be expressed in kelvins.

Calculate Solve for the unknown.
First convert degrees Celsius to kelvins.

T,=25C+273=
=02 + 2
Rearrange Gay-Lussacs aw to iolate 7.

PXT,
Rt

Substitute the known values for P, T;, and T, into the equation
and solve.

p, _ 103kPa x 1201%
£

= a15kpa
415 X 10°kpa

Evaluate Does the result make sense?
From the kinetic theory, one would expect the increase in temperature
of a gas to produce an increase in pressure if the volume remains
constant. The calculated value does show such an increase.





Practice Skill: 
1. What is the relationship between the temperature and pressure of a contained gas at constant volume?

2. A sample of nitrogen gas has a pressure of 6.58 kPa at 539 K. If the volume does not change, what will the pressure be at 211 K?

3. The pressure in a car tire is 198 kPa at 270C. After a long drive, the pressure is 225 kPa. What is the temperature of the air in the tire? Assume that the volume is constant.

4. The gas in a closed container has a pressure of 3 kPa at 303 K. What will the pressure be if the temperature is lowered to 101 K?

5. A sealed cylinder of gas contains nitrogen gas at a pressure of 100 kPa and a temperature of 200C. When the cylinder is left in the sun; the temperature of the gas increases to 500C. What is the new pressure of the cylinder?

6. As the temperature of a fixed volume of a gas increases, the pressure will ____________.

A. vary inversely.


C. not change.

B. decrease.



D. increase. 

7. If a sealed syringe is plunged into cold water, in which direction will the syringe piston slide?

A. in



C. No movement will occur.

B. out



D. The direction cannot be predicted.
8. In the space below draw a graph showing the relationship between pressure and temperature.
   References: 
· Convection, Conduction, & Radiation: http://www.mansfieldct.org/schools/mms/staff/hand/convcondrad.htm
· Kinetic Molecular Theory of Matter: http://www.homewood.k12.al.us/~kreaves/KineticMolecularTheory.html
· www.pkwy.k12.mo.us/.../pack7/kmt/index.html
· Prentice Hall Chemistry 2008

At this point the average kinetic energy of water vapor molecules increases along with an increase in temperature.
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