Chemistry:  Unit 6- Gas Laws


Comprehensive Curriculum

Concept Correlation

Unit 6:  Gas Laws
Time Frame:  Regular Schedule – 3 weeks; Block Schedule – 1.5 weeks
	Big Picture: (Taken from Unit Description and Student Understanding)
· Understanding the relationship between temperature, pressure, volume, and moles of gases help solve gas law problems.



	Guiding Questions
	Activities
The essential activities are denoted by an asterisk.
	GLEs
	DOCUMENTATION                       
Documented GLEs

GLES 

Bloom’s Level

GLES

Date and Method of Assessment

Comprehension

PS 29

Analysis

SI 5

Comprehension

SI 6

Application

SI 7

Evaluation

SI 9

Application

SI 10

Evaluation

SI 11

Evaluation

SI 15

Reflections



	Concept 1:  Behavior of Gases

33.  Can students predict the behavior of a known quantity of gas using Boyle’s law, Charles’s Law, Gay Lussac’s Law, Avogadro’s Law, and the Ideal Gas Law?
	*Activity 32A:  Gas Laws

GQ 33
	SI 5, 6, 10; 

PS 29
	

	
	*Activity 32B:  Gas Laws

GQ 353
	SI 5, 6, 7, 9, 10, 11, 15; 

PS 29
	

	
	*Activity 33:  Ideal Gas Law

GQ 33
	SI 5, 6, 7, 9, 10, 11, 15; 

PS 29
	

	
	*Activity 34:  Graham’s Law of Effusion

GQ 33
	SI 5, 6, 7, 9, 10, 11, 15; 

PS 29
	

	
	Activity 35:  Making Water

GQ 33


	SI 6, 7, 9, 10
	

	Essential Activities:  31A or 31B, 32   ***Optional Activities: 33, 34



Chemistry

Unit 6:  Change and Energy Transfer
Unit 6 Concept 1:  Behavior of Gases

GLEs   *Bolded GLEs must be assessed in this unit

	PS 29
	Predict the properties of a gas based on gas laws (e.g., temperature, pressure, volume) (PS-H-C7) (Comprehension)

	SI 1
	Write a testable question or hypothesis when given a topic (SI-H-A1) (Synthesis)

	SI 5
	Utilize mathematics, organizational tools, and graphing skills to solve problems (SI-H-A3) (Analysis)

	SI 6
	Use technology when appropriate to enhance laboratory investigations and presentations of findings (SI-H-A3) (Comprehension)

	SI 7
	Choose appropriate models to explain scientific knowledge or experimental results (e.g., objects, mathematical relationships, plans, schemes, examples, role-playing, computer simulations) (SI-H-A4) (Application)

	SI 9
	Write and defend a conclusion based on logical analysis of experimental data (SI-H-A6) (SI-H-A2) (Evaluation)

	SI 10  
	Given a description of an experiment, identify appropriate safety measures (SI-H-A7) (Application)

	SI 11
	Evaluate selected theories based on supporting scientific evidence (SI-H-B1) (Evaluation)

	SI 15
	Analyze the conclusion from an investigation by using data to determine its validity (SI-H-B4) (Evaluation)


	Purpose/Guiding Questions:

· Predict the behavior of a gas using Boyle’s, Charles’s, and Gay-Lussac’s gas laws.

· Utilize mathematics to solve various gas law problems.

· Collect data and write a conclusion based on the experimental analysis.
	Key Concepts/Vocabulary:

· Kinetic Molecular Theory

· Ideal gas

· Real gas

· Boyle’s Law

· Charles’s Law

· Gay-Lussac’s Law

· Dalton’s Law of Partial Pressures

· Ideal Gas Law

· Stoichiometry of Gases

· Graham’s Law of Effusion

	Assessment Ideas:

· Lab Report

· Quizzes

· Tests

· Graded assignments
Activity Specific Assessments:

· Activity 32
	Resources:

· Safety Guidelines
· Lab Equipment
· Internet


Instructional Activities

Note:  Essential activities are key to the development of student understandings of each concept.  Substituted activities must cover the same GLEs to the same Bloom’s level.

**Essential Activities: 31A or 31B, 32 ***Optional Activities: 33, 34
**Activity 31A:  Gas Laws  (CC Activities 1 – 3 combined)  
(SI GLEs:  5, 6, 10; PS GLE: 29)

Materials List: 

Activity 1: Cartesian diver apparatus, safety goggles, aprons, clear 2 liter soda bottle with cap, eye dropper or pipette, hex nut, water, paper towels, tweezers if students make their own Cartesian divers, Boyle’s law apparatus (if available), science learning logs, graph paper, problems for students to work from text or other teacher-provided resource

Activity 2:  balloons, flask, ice water bath or access to freezer, graph paper, manometer (if available), problems for students to work from text or other teacher-provided resource

Activity 3: pressure cooker (if available), problems for students to work from text or other teacher-provided resource, glass, container of water, straw, problems for students to work from text or other teacher-provided resource

Begin this unit with a review of the kinetic-molecular theory. As a pre-assessment, have students illustrate and describe the motion of the particles of a material in the solid, liquid, and gaseous states in their science learning logs (view literacy strategy descriptions). 

Students should identify safety issues to consider after they have been provided an overview of the investigation. Activate students’ prior knowledge of the gas laws as they apply to their everyday lives by asking where applications of these laws can be found. Examples might include hot air balloons, propane tanks being used for cooking foods, opening soda cans or bottles, and scuba diving. 

If internet access is available, the site http://intro.chem.okstate.edu/1314F00/Laboratory/GLP.htm  provides simulations of the relationship among pressure, volume, temperature, and moles. Access to the instructions on how to use the software, as well as examples of guided inquiry and open-ended inquiry activities, is provided by a link on the site. 

Activity 1: Boyle’s Law:  The teacher can illustrate Boyle’s Law by using a Cartesian diver and having students observe the results of pressure changes. The teacher should present the demonstration without explanation, allowing time for the students to think about what they are observing. If available, have students use Boyle’s Law apparatus to study the relationship of the pressure and volume (inversely proportional) of a specified amount of gas at constant temperature.

An alternative to the teacher demonstration is to supply the materials necessary for the students to construct their own Cartesian diver and write an explanation of observations, providing molecular level drawings of what is occurring to the gas inside the diver as the pressure changes. Materials needed and directions for constructing the diver can be found at http://www.usc.edu/org/cosee-west/MidwaterRealm/11CartesianDiver.pdf.  Students will then construct a pressure-volume graph from collected or teacher-provided data and write conclusions about the relationship. Conduct guided and individual practice in solving word problems using the formula P1V1 = P2V2. 

Activity 2: Charles’s Law:  Demonstrate Charles’s Law by having students blow up two identical   balloons with warm air, leaving one at room temperature and placing the second in a freezer overnight or ice bath for at least 15 minutes. Place the two balloons side by side and compare their volumes. Lead students to a description of the relationship between temperature and gas volume (directly proportional) with guiding questions. If available, have students use a manometer, flask, and water bath to study the relationship of the volume and temperature of a specified amount of gas at constant pressure. An alternative is to use a scenario with illustrations and have students observe data to determine the relationship. Conclude by having students construct a volume-temperature graph from recorded data and write their conclusions about the relationship. Follow up by having students solve word problems using the following formula: V1 / T1 = V2 / T2.

Activity 3: Gay-Lussac’s Law:  Display a pressure cooker and ask students if they are familiar with this type of cooking pot. If someone has seen one in use, ask them what it was used for and how it works. Write the formula, P1 / T1  = P2 / T2, on the board or a transparency and have students silently write a description of the relationship (directly proportional) described by this formula. Call on students to provide their responses, and discuss correct descriptions so that all students can gain an understanding of the relationship between temperature and pressure in gases. Assign word problems and have students practice solving the problems using the formula provided previously.

Use guiding questions to allow students to combine Boyle’s, Charles’s, and Avogadro’s principle to derive the Ideal Gas Law. An ideal gas is an imaginary gas that follows all of the assumptions of the kinetic molecular theory. These assumptions are 

1.     Gases are composed of a large number of tiny particles that are in constant, random motion. 

2.     These particles move in a straight line until they collide with another particle or the walls of the container. 

3.     There are no forces of attraction or repulsion between gas particles or between the particles and the walls of the container.  

4.    Collisions between gas particles or collisions with the walls of the container are perfectly elastic. An elastic collision is one in which none of the energy of the gas particles is lost during these collisions.  

5.    The average kinetic energy of the gas particles is directly proportional to the temperature of the gas.

Real gases act like ideal gases at high temperatures and low pressures.
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 A proportionality can be changed to an equality with a constant, k: 
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. The constant, k, has the same value for all gases that behave like an ideal gas. R is substituted for k and is called the ideal gas constant.  The previous equation can be rearranged to obtain the ideal gas law equation PV = nRT. Instruct students to use the relationship 1 mole(g) = 22.4 L at STP to calculate the value of R. Different pressure units can be used to derive the various values of R. Assign problems for students to work from text or other teacher-provided resource.

Instruct students to combine Charles and Boyle’s and Gay-Lussac’s Laws to derive the combined gas law. Assign word problems and have students practice solving the problems using the formula P1V1/ T1 = P2V2/ T2. 

Dalton’s Law of Partial Pressure can be explained and used to work problems that involve collecting a gas over water. An easy demonstration can be performed by inverting a glass filled with water in a glass container of water and having a student (a gas producing experiment) blow into a flexible straw inserted into the glass. Explain that some of the water evaporated and the total pressure inside the glass is P(g) + P H2O(g). Assign word problems and have students practice solving the problems, including “gases collected over water” as part of Boyle’s and combined gas law problems.

The gas laws provide an excellent opportunity to use the Internet for interactive investigations. Suggested website: http://www.chm.davidson.edu/ChemistryApplets/GasLaws/index.html  for the following gas laws: Boyle’s, Charles’s, Avogadro’s, Dalton’s and Ideal gas 

Students should use split-page notetaking (view literacy strategy descriptions) to compare and contrast the various gas laws covered above. Split-page note taking is done by drawing a straight line from top to bottom of a piece of paper (preferably a sheet of normal-sized, lined notebook paper) approximately 2 – 3 inches from the left edge. The page should be split into one-third/two-thirds.  In the left column big ideas, key dates, names, etc. should be written and supporting information in the right column.  Students should be urged to paraphrase and abbreviate as much as possible. 

Sample of split-page notetaking 

	Gas Laws

	Boyle’s Law

Charles’s Law
	1. Deals with V and P if T and n are constant

2. V and P are inversely proportional

a. If V is doubled, P is halved

3. V1P1 = V2P2
1. deals with V and the Kelvin T if P and n are constant

2. V and T are directly proportional only if Kelvin T is used. (DOES NOT work with T in Celsius)

3. 
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	Assessment

· Students will graph the data from collected or teacher-provided data and write conclusions about the mathematical relationships between pressure, volume, and temperature. Students should be able to solve gas law problems, showing all steps in their work.


**Activity 31B:  Gas Laws (Teacher-Made Activity)  
(SI GLEs:  5, 6, 7, 9, 10, 11, 15; PS GLE: 29)

Boyle’s Law – Gas Pump with Marshmallow

Charles’s Law – volume and temperature relationship.

Most forms of matter expand when heated and contract when cooled.  As you know, gas samples expand and shrink to a much greater extent than do either solids or liquids.  In this activity you will investigate how the temperature of a gas sample influences its volume—assuming pressure remains unchanged.  To do this, you will raise the temperature of a thin glass tube containing a trapped air sample and then record volume changes as the air sample cools.

Crush the Coke Can 

Gay-Lussac’s Law of pressure versus temperature can be demonstrated when you crush the coke can.  The air in the coke can is heated.  With a quick inversion into a water bath, the can is miraculously crushed!  The air inside the can is quickly cooled, causing the air pressure to decrease inside the can.  Since the air pressure is more outside the can, the can implodes.  

**Activity 32:  Ideal Gas Law (Teacher-Made Activity)  
(SI GLEs:  5, 6, 7, 9, 10, 11, 15; PS GLE: 29) (See Appendix 6a)
Ideal Gas Law

When magnesium metal reacts with hydrochloric acid, hydrogen gas is produced.  The volume of this gas can be measured by using a eudiometer.  Using the ideal gas equation, the moles of hydrogen produced can be found.  Knowing the number of moles of magnesium used, we can calculate the moles of hydrogen that should have been produced.

***Activity 33:  Graham’s Law of Effusion (Teacher-Made Activity)  
(SI GLEs:  5, 6, 7, 9, 10, 11, 15; PS GLE: 29) (See Appendix 6d)
Graham’s Law of Effusion

The purpose of this activity is to verify graham’s law by measuring the distances traveled during the same period of time by two different gases of known molecular mass.  The appendix outlines the use of ammonia and hydrochloric acid.
***Activity 34:  Making Water (Teacher-Made Activity)  

(SI GLEs: 6, 7, 9, 10) (See Appendix 6e)
H2 + O2 (  H2O 

This activity is used in conjunction with a worksheet on the common gases as an introduction to the gas laws.  After just finishing reaction types and Stoichiometry, the students can analyze a decomposition reaction, a single-replacement reaction, and a synthesis reaction all in this demonstration.  The students can also recognize the principles of a molar ratio, Stoichiometry, as well as water displacement.  It takes about 15-20 minutes to prepare the samples and 5 minutes to make water! 

 Sample Assessments

Assessment techniques should include use of drawings/illustrations/models, laboratory investigations with reports, laboratory practicals (problem-solving and performance-based assessments), group discussion and journaling (reflective assessment), and paper-and-pencil tests (traditional summative assessments). 

General Guidelines

· Students should be monitored throughout the work on all activities via teacher observation and journal entries. 

· All student-developed products should be evaluated as the unit continues.

· Student investigations should be evaluated with a rubric.

· When possible, students should assist in developing any rubrics that will be used.

· For some multiple-choice items on written tests, ask students to write a justification for their chosen response.

General Assessments

· The student will research and journal the proper use of and disposal of the chemicals used in the experiments performed in this unit.

· The student will provide everyday applications for each of the gas laws.

 Resources

· Chemistry Comes Alive!  Available online at http://jchemed.chem.wisc.edu/JCESoft/CCA/CCA3/MAIN/OSCRXBR/PAGE1.HTM
· Flinn Chemical and Biological Catalog/Reference Manual, 2004.

· http://www.flinnsci.com/Documents/demoPDFs/Chemistry/CF0255.01.pdf
· Gas Laws. Available online at http://www.chm.davidson.edu/ChemistryApplets/GasLaws/index.html 

· Smile Program Chemistry Index. Available online at 

      http://www.iit.edu/~smile/cheminde.html
· Constructing a Cartesian Diver. Available online at http://www.usc.edu/org/cosee-west/MidwaterRealm/11CartesianDiver.pdf
· Assumptions of theKinetic Molecular Theory. Available online at http://chemed.chem.purdue.edu/genchem/topicreview/bp/ch4/kinetic4.html
Name/School_________________________________             Grade ____________________________


Feedback Form

This form should be filled out as the unit is being taught and turned in to your teacher coach upon completion.
	Concern and/or Activity Number
	Changes needed*
	Justification for changes 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


* If you suggest an activity substitution, please attach a copy of the activity narrative formatted like the activities in the APCC (i.e. GLEs, guiding questions, etc.)
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