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Working under Pressure

Concept Statement: The pressure of a gas dependent system is inversely affected by its volume. 
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List of Materials Needed:

Exploration: 

Each of the following is required per group:

· 6 grams of sodium bicarbonate

· 4 mL vinegar

· 20 cc syringe

· 125 mL erlenmeyer flask

· Two tapered valve connectors

· No. 5 Vernier stopper

· Vernier LabQuest

· Gas Pressure Sensor

· Goggles 

· Graph paper (or computer with MS Excel)

Authentic Assessment:

Each of the following is required per group:

· 6 grams of sodium bicarbonate 

· 4 mL vinegar

· 20 cc syringe

· 125 mL erlenmeyer flask

· Two tapered valve connectors

· No. 5 Vernier stopper

· Vernier LabQuest

· Gas Pressure Sensor

· Temperature Sensor

· Hot plate
· Ice
· Goggles 

· Graph paper (or computer with MS Excel)

Activity Time Frame:

This activity may take approximately three, 50-minute sessions.

Environmental Setting:

This activity will be conducted in a typical chemistry classroom. 

PASS Standards:

Science Processes and Inquiry: Chemistry Content

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 units and SI prefixes when measuring objects and/or events.

Process Standard 3: Experiment

1. Evaluate the design of a physical science 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 physical science 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 physical science investigation.

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

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

Process Standard 5: Model

1. Interpret a model, which explains a given set of observations.

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 physical science 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 formulation of explanations or models. In answering questions, students should engage in discussions and arguments that encourage the revisions of their explanations, leading to further inquiry.

Lesson Objectives:

· Measure the pressure of a gas dependent system as a function of volume
· Measure the pressure of a gas dependent system as a function of temperature (Authentic Assessment)
· Graph the collected data and select the appropriate relationship between pressure and volume or pressure and temperature
· Demonstrate understanding of the variables required (pressure, volume, number of gas molecules, temperature) to define the physical condition of a gas dependent system by designing a experiment that holds given variables constant as defined parameters are evaluated. 
Vocabulary Terms:

Atmospheric pressure: is defined as the force per unit area exerted against a surface by the weight of air above that surface at any given point in the Earth's atmosphere. In most circumstances atmospheric pressure is closely approximated by the hydrostatic pressure caused by the weight of air above the measurement point. Low pressure areas have less atmospheric mass above their location, whereas high pressure areas have more atmospheric mass above their location.  

Gas Constant: usually denoted by symbol R) is a physical constant which is featured in a large number of fundamental equations in the physical sciences, such as the ideal gas law and the Nernst equation. It is equivalent to the Boltzmann constant, but expressed in units of energy (i.e. the pressure-volume product) per kelvin per mole (rather than energy per kelvin per particle).

Its value is:

R = 8.314472(15) J · K−1 · mol−1 

Variable: A variable is something that may or does change in an investigation.

Experimental variable: A variable whose values are independent of changes in the values of other variables, independent variable.
Control variable: A control variable is any factor that remains unchanged and strongly influences values; also, a factor held constant to test the relative impact of an independent variable.

Background Knowledge:

Boyle’s law states that at constant temperature, the absolute pressure and the volume of a gas are inversely proportional. The law can also be stated in a slightly different manner, that the product of absolute pressure and volume is always constant.

Most gases behave like ideal gases at moderate pressures and temperatures. The limited technology of the 1600s could not produce high pressures or low temperatures. Hence, the law was not likely to have deviations at the time of publication. As improvements in technology permitted higher pressures and lower temperatures, deviations from the ideal gas behavior would become noticeable, and the relationship between pressure and volume can only be accurately described employing real gas theory.[3] The deviation is expressed as the compressibility factor.

Robert Boyle (and Edme Mariotte) derived the law solely on experimental grounds. The law can also be derived theoretically based on the presumed existence of atoms and molecules and assumptions about motion and perfectly elastic collisions (see kinetic theory of gases). These assumptions were met with enormous resistance in the positivist scientific community at the time however, as they were seen as purely theoretical constructs for which there was not the slightest observational evidence.

Daniel Bernoulli in 1738 derived Boyle's law using Newton's laws of motion with application on a molecular level. It remained ignored until around 1845, when John Waterston published a paper building the main precepts of kinetic theory; this was rejected by the Royal Society of England. Later works of James Prescott Joule, Rudolf Clausius and in particular Ludwig Boltzmann firmly established the kinetic theory of gases and brought attention to both the theories of Bernoulli and Waterston.[4]
The debate between proponents of Energetics and Atomism led Boltzmann to write a book in 1898, which endured criticism up to his suicide in 1901.[4] Albert Einstein in 1905 showed how kinetic theory applies to the Brownian motion of a fluid-suspended particle, which was confirmed in 1908 by Jean Perrin.[4]
[edit] Equation
The mathematical equation for Boyle's law is:


where:

P denotes the pressure of the system. 

V is the volume of the gas. 

k is a constant value representative of the pressure and volume of the system. 

So long as temperature remains constant at the same value the same amount of energy given to the system persists throughout its operation and therefore, theoretically, the value of k will remain constant. However, due to the derivation of pressure as perpendicular applied force and the probabilistic likelihood of collisions with other particles through collision theory, the application of force to a surface may not be infinitely constant for such values of k, but will have a limit when differentiating such values over a given time.

Forcing the volume V of the fixed quantity of gas to increase, keeping the gas at the initially measured temperature, the pressure p must decrease proportionally. Conversely, reducing the volume of the gas increases the pressure.

Boyle's law is commonly used to predict the result of introducing a change, in volume and pressure only, to the initial state of a fixed quantity of gas. The "before" and "after" volumes and pressures of the fixed amount of gas, where the "before" and "after" temperatures are the same (heating or cooling will be required to meet this condition), are related by the equation:
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Boyle's law, Charles' law, and Gay-Lussac's Law form the combined gas law. The three gas laws in combination with Avogadro's law can be generalized by the ideal gas law.

Resources:

http://en.wikipedia.org/wiki/Boyle's_law
1. Levine, Ira. N (1978). "Physical Chemistry" University of Brooklyn: McGraw-Hill Publishing

2. Levine, Ira. N. (1978), p12 gives the original definition. 

3. Levine, Ira. N. (1978), p11 notes that deviations occur with high pressures and temperatures. 

4. Levine, Ira. N. (1978), p400 -- Historical background of Boyle's law relation to Kinetic Theory 

Activity Procedures:

· Students will watch “Subaru Boxer Turbo Diesel Engine” video that shows how the piston of an engine functions 
      http://www.youtube.com/watch?v=-G5TcWg0TMc
· Students will collect data, graph data, and compare data to Carnot cycle graphs.
· Students will use procedures given in the exploration section to design an experiment that evaluates the given variables (P,V,n,T).
Technology Component:

· Vernier LabQuest

· A computer with internet connection and MS Excel will be used throughout this lesson.
Engineering Application:

Students will be given the opportunity to design a piston system that evaluates pressure, volume, and temperature relationships. (see Assessment Tools).

Assessment Tools:

Each group will repeat the procedures given in the exploration section. Once the system is at static equilibrium, they will develop additional experiments in which the defined variables (P,V,n,T) can be evaluated. They will collect and graph data from their exploration and show that the relationships currently discovered are conserved in their design.
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