The Ideal Situation
Concept Statement: For a given amount of gas, pressure, temperature and volume are related in specific proportions.
11th-12th Grade Chemistry, or Physics

Spring 2008

Engineering in Practice – University of Oklahoma
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Chickasha, Oklahoma

List of Materials Needed:
Exploration:
Each of the following is required per person/group:

· Computer with internet access

Activity Time Frame:
This activity may take two 60 minute sessions.

Environmental Setting:
This activity will take place in a computer lab or a classroom equipped with computers.

PASS Standards:
Science Processes and Inquiry: Chemistry


Process Standard 1: Observe and Measure

3. Use appropriate System International (SI) units; and SI prefixes when measuring mass volume and temperature.

Process Standard 3: Experiment

1. Evaluate the design of a chemistry laboratory investigation.

2. Identify the independent variables, dependent variables, and controls in an experiment.

3. Use mathematics to show relationships within a given set of observations.

4. Identify a hypothesis for a given problem in chemistry investigations.

Process Standard 4: Interpret and Communicate

1. Select appropriate predictions based on previously observed patterns of evidence.

2. Report data in an appropriate manner.

3. Interpret data tables, line, bar, trend, and/or circle graphs.

4. Accept or reject hypotheses when given results of a chemistry investigation.

5. Evaluate experimental data to draw the most logical conclusion.

7.   Communicate or defend scientific thinking that resulted in conclusions.

8.   Identify and/or create an appropriate graph or chart from collected data, tables, or written description.

Process Standard 5: Model


3.   Compare a given model to the physical world.


Process Standard 6: Inquiry

2. Design and conduct scientific investigations in which variables are identified and controlled.

3. Use a variety of technologies, such as hand tools, balances, conductivity apparatus, thermometers, graduated cylinders, volumetric flasks, and computers to collect, analyze, and display data.

4. Inquiries should lead to the formation of explanations or models.  In answering questions, students should engage in discussions and arguments that encourage the revision of their explanations, leading to further inquiry.

Content Standard: Chemistry


Standard 1: Structure and Properties of Matter

1. Matter is made of atoms and atoms are composed of even smaller components.

5. Solids, liquids, and gases differ in the energy that binds them together.  
Science Processes and Inquiry: Physics


Process Standard 1: Observe and Measure

1. Identify qualitative and quantitative changes given conditions before, during and after an event.

2. Use appropriate tools when measuring objects and/or events.

3. Use appropriate System International (SI) units; and SI prefixes when measuring objects and/or events.

Process Standard 2:  Classify

3.   Graphically classify physical relationships.

Process Standard 3: Experiment

1. Evaluate the design of a physics investigation.

2. Identify the independent variables, dependent variables, and controls in an experiment.

3. Use mathematics to show relationships within a given set of observations.

4. Identify a hypothesis for a given problem in physics investigations.

5. Recognize potential hazards and practice safety procedures in all physics activities.

Process Standard 4: Interpret and Communicate

1. Select appropriate predictions based on previously observed patterns of evidence.

2. Report data in an appropriate manner.

3. Interpret data tables, line, bar, trend, and/or circle graphs.

4. Accept or reject hypotheses when given results of a physics investigation.

5. Evaluate experimental data to draw the most logical conclusion.

7.   Communicate or defend scientific thinking that resulted in conclusions.

8.   Identify and/or create an appropriate graph or chart from collected data, tables, or written description.

Process Standard 5: Model

2.   Select predictions based on models.  


3.   Compare a given model to the physical world.

Process Standard 6: Inquiry

1. Formulate a testable hypothesis and design an appropriate experiment relating to the physical world.

2. Design and conduct physics investigations in which variables are identified and controlled.

3. Use a variety of technologies, such as hand tools, measuring instruments, and computers to collect, analyze, and display data.

4. Inquiries should lead to the formation of explanations or models.  In answering questions, students should engage in discussions and arguments that encourage the revision of their explanations, leading to further inquiry.

Content Standard:  Physics


Standard 1:  Motions and Forces

1. Objects change their motion only when a net force is applied.  Newton’s laws of motion are used to calculate precisely the effects of forces on the motion of objects.

Lesson Objectives:
· Determine the relationships between various variables of a gas:  temperature, pressure and volume
· Develop the relationships that are the combined gas law and the ideal gas law.

Vocabulary Terms:
· Temperature – a physical property that underlies the common notions of hot and cold
· Pressure – a physical property that quantifies the force of a fluid on an area

· Volume – a physical property that quantifies the amount of space something takes

· Proportional – two quantities that relate to each other by a constant multiple

· Moles – a unit of measure for amount of substance, a counting number for number of molecules
Background Knowledge:
Relationships between variables of a gas have been well known for several centuries.  The first relationship between variables was published by Robert Boyle in 1662.  Boyle described the relationship between pressure and volume of a gas after work on designing an air pump.  Boyle reported that pressure is inversely proportional to volume, where one property will decrease if the other is increased.
The second relationship reported was between pressure and temperature, later called Charles’s Law.  Charles’s Law states that pressure of a gas is proportional to its temperature.  This relationship was reported by Joseph Louis Gay-Lussac in 1802, but Gay-Lussac used experimental data first reported by Jacques Charles in 1787, so the credit is given to him.  However, Gay-Lussac continued to contribute to gas relationship history by reporting the relationship between temperature and volume.  This relationship, also called Gay-Lussac’s Law, shows that the volume is proportional to temperature in a gas, and was first reported in 1809.
These three relationships can be combined to form the combined gas law, where for a fixed gas the ratio between the pressure-volume constant and the temperature remains constant.  The fourth relation discovered was the relationship between moles of substance and volume, later called Avogadro’s Law.  Avogadro reported in 1811 that equal volumes of an ideal gas at the same pressure and temperature contain the same number of particles.  Combining this relation with the combined gas law creates the ideal gas law, first reported by Benoit Clapeyron in 1834.  The ideal gas law relates temperature, pressure, volume and moles of a fixed gas in one equation.  

Activity Procedures:
· Students will use a web-based gas simulation program to observe a gas at the atomic level and collect temperature, pressure and volume data.
· Students will use the data to develop a series of relationships between temperature, pressure and volume.

· Students will use the relationships to develop the combined gas law and the ideal gas law.  

· Students will collect additional data and write a laboratory report.  
Technology Component
A computer with internet access will be used for the data collection of the lesson.  
Engineering Application
Gas relations are an important component in pneumatic systems, where gases are used to control systems without the need for complex mechanical controls.  Gas relations also become important in internal combustion engines, where fuel/air mixtures can be approximated by an ideal gas.  
Assessment Tools
Students will be asked to collect data and develop the relationship between moles of substance and the other three variables.  The students will present their findings in a report that will describe their procedure, data, and final conclusions.  
