Chemical equilibrium: The Sherpas

Topics: chemical equilibrium

Summary:Students will study chemical equilibrium as a system in dynamic balance.  They will examine this balance as equal rates of forward and backwards reactions.  Changes in temperature and concentration perturb this equilibrium because they influence the rate of simultaneous reactions unequally.

----------------------------------------------

Stage 1:

----------------------------------------------

Description: properties and changes of properties in matter

--National Science Education Standards

Understandings:

Chemical equilibrium is a system in dynamic balance where rates of forward and reverse reactions are equal.  Changes in temperature and concentration perturb equilibrium by influencing the rates of simultaneous reactions unequally.

Questions:

How is balance achieved and maintained?

What fuels equilibrium?

Why is equilibrium maintained?

Why don't all reactions run to completion?

Knowledge and Skills:

Students will be able to recognize chemical equilibrium and extend these general ideas to non-chemical systems.

Students will be able to identify and explain factors that perturb equilibrium, and predict how equilibrium will be affected.

Key Evidence:

Tests, Quizzes and Homework which prompt facility in Keq, Q, direction of perturbation, manipulation of equilibrium constants, and equations relating temperature to equilibrium.Choose a non-chemical equilibrium where some state is maintained (temperature, concentration of predator/prey, etc.).  Compare and contrast your system to a chemical equilibrium.  Is your system truly "closed" (disconnected from the rest of the universe)?  What does this suggest about chemical equilibrium?

----------------------------------------------

Stage 2:

----------------------------------------------

Task/Prompt: Case Study:  Hypoxia

Topics: chemical equilibrium

Summary: Students are given a case study about mountain climbing and hypoxia (symptoms from a lack of oxygen in body tissues).  They are asked to explain why high altitudes might contribute to hypoxia using their knowledge of chemical equilibrium.

Students are then told that sherpas in the Himalayas rarely feel the effects of hypoxia.  Students are asked to design a series of experiments that would test why this is.

Print Materials Needed: 

Resources: A brief description of oxygen uptake and delivery is given, but students may want to explore these concepts further.

A facility with lab design is vital for students.

Students will also need to have a comfort with basic gas laws:  that a lower partial pressure of oxygen exists at high altitudes

Student Directions:

Oxygen is taken into the lungs where it fills braches and sacs that increase surface area.  Gaseous oxygen dissolves through the moist walls of these small sacs in order to enter the blood.  Dissolved oxygen is carried in the blood by hemoglobin (Hb).  The interaction between Hb and O2 can be modelled by the reaction:

Hb(aq) + O2(aq) <--> (is in equilibrium with) HbO2(aq)

Hypoxia is the set of symptoms (headache, fatigue, nausea) that comes from a lack of O2 in body tissues.  It is often felt by mountain climbers as they ascend altitude quickly.  Sherpas, long-time residents of high altitudes, seem to feel no hypoxic discomfort, on the other hand.

Design a series of experiments that would test the difference in hypoxic symptoms between mountain climbers and sherpas.  Explain, using chemical equilibrium, why high altitude causes hypoxia in the climbers.  How can sherpas avoid these symptoms?  How can you test for these possibilities?  What would a positive test look like?  What inherent errors would you have to be aware of?

ATTACHED RUBRIC(S)

Case Study: Hypoxia Rubric

Trait: Case Study: Hypoxia Rubric

Performance Type: 

Level 1: 5

Description of hypoxia in mountaineers includes an understanding that decreased partial pressure of O2 leads to a decreased rate of forward reaction by quantitative evidence.

The series of experiments considers all different sources of increased O2:  in the lungs as well as in the blood, using differences in pressure, concentration of all species, as well as temperature.  Students will show a sophisticated understanding if they also describe the effects of their hypotheses not just on O2 delivery, but other equilibrium systems as well.  Laboratories are pratical and possible.  Error analysis considers multiple and varied sources of error for each experiment and considers the bias that each error would inctroduce into the scientist's data.

Level 2: 4

Description of hypoxia in mountaineers includes an understanding that decreased partial pressure of O2 leads to a decreased rate of forward reaction by quantitative evidence or detailed qualitative decription.

The series of experiments considers many but not all different sources of increased O2:  in the lungs as well as in the blood, using differences in pressure, concentration of all species, as well as temperature.  Students will show a rigorous understanding if they also describe some effects of their hypotheses not just on the blood, but other equilibrium systems as well.  Laboratories are pratical and possible.  Error analysis considers multiple sources of error for each experiment.

Level 3: 3

Description of hypoxia in mountaineers includes an understanding that decreased partial pressure of O2 leads to a decreased rate of forward reaction by clear qualitative decription.

The series of experiments considers some different sources of increased O2:  in the lungs as well as in the blood, using differences in pressure, concentration of all species, as well as temperature.  Students will show a good understanding if they describe the effects of their hypotheses only of the O2 delivery system.  Laboratories test multiple perturbations of the equilibrium system, but not all.  Error analysis considers some sources of error for each experiment.

Level 4: 2

Description of hypoxia in mountaineers includes an understanding that decreased partial pressure of O2 leads to a decreased rate of forward reaction by qualitative decription.

The series of experiments considers some different sources of increased O2:  in the lungs as well as in the blood, using differences in pressure, concentration of all species, as well as temperature.  Students will show a good understanding if they also describe the effects of their hypotheses only of the O2 delivery system.  Laboratories test few perturbations of the equilibrium system, but not all.  Error analysis considers some sources of error for each experiment and may have errors itself.  Errors in thought and understanding differentiates this grade from superior marks.

Level 5: 1

Description of hypoxia in mountaineers shows confusion and difficulty in understanding that decreased partial pressure of O2 leads to a decreased rate of forward reaction.

The series of experiments are impractical and do not test for useful evidence.  Few important details are considered.  Error analysis is incorrect or missing.  Multiple mistakes are evident.

Task/Prompt: Science Text Critique

Topics: chemical equilibrium

Summary: Students critique a passage on vapor pressure lowering found in a faulty science textbook.  They critique the passage with their knowledge of chemical equilibrium.

Resources: prior knowledge of colligative properties and vapor pressure lowering are helpful, but not necessary.

Student Directions:

The Science Department was recently considering changing the General Chemistry textbook.  Flipping through one of the new proposed texts, one teacher found this explanation of vapor pressure lowering in a section on colligative properties:

"Vapor pressure lowering is an effect of solute concentration.  

The pressure above the solution reduces relative to the concentration of solute particles, regardless of what solute particles are dissolved.  This can be explained if you imagine the surface of the solution.  With more solute particles in solution, more of the surface area of the solution is taken up by solute particles.  This reduces the chances that a solvent particle might go into vapor phase because there are fewer sites from which a particle can vaporize."

Critique the paragraph above.  Is it a good explanation of vapor pressure lowering?  Why or why not?

ATTACHED RUBRIC(S)

Text Critique Rubric

Trait: Text Critique Rubric

Performance Type: 

Level 1: 3

Students explain why the explanation is faulty.  They use the passage to explain the difference between equilibrium (which is time independent) and kinetics (which would be affected by surface area).  

Level 2: 2

Students explain why the explanation is faulty.  They demonstrate that surface area would not affect equilibrium because a dynamic balance still exists.  They do not consider kinetics in their answer.

Level 3: 1

Students explain why the explanation is correct.  Though their answer is wrong, they have many good pieces of knowledge about equilibrium, but are unable to correctly apply them.

Other assessment evidence to be collected: 

Tests, Quizzes and Homework which prompt facility in Keq, Q, direction of perturbation, manipulation of equilibrium constants, and equations relating temperature to equilibrium.

Choose a non-chemical equilibrium where some state is maintained (temperature, concentration of predator/prey, etc.).  Compare and contrast your system to a chemical equilibrium.  Is your system truly &#34;closed&#34; (disconnected from the rest of the universe)?  What does this suggest about chemical equilibrium?

----------------------------------------------

Stage 3:

----------------------------------------------

Learning Activities:

Students will learn the enduring understandings of the unit through traditional teaching styles.  Lessons will be supplemented with the following activities.

lesson one:  Definition of equilibrium.

Students are introduced to the definition of equilibrium by participating in a debate around the statement "Something is dead when it reaches equilibrium."  The teacher uses the discussion to illicit students' understanding of equilibrium and compare it to the definition of chemical equilibrium.

lesson two:  Reversible reactions

Students refine their idea of reversible reactions.  What would life be like if no reactions were reversible?  In equilibrium, reactions are reversible, but in the universe entropy always increases.  Is there a contradiction there?

lesson three: Kinetics of Equilibrium

Students are introduced to the idea that equilibrium balance comes from the fact that the forward and reverse reactions are equal.  They are asked what affects rates of reaction?  Topic question:  why does a catalyst not affect the equilibrium of a system?

Common misconception:  Equilibrium misbalance.

Chemical Equilibria often seem "unbalanced" because they have unequal amounts of product and reactant.  Still, the rates of the forward and reverse reactions are equal.  Teachers may want to go through this information by giving specific examples.

lesson four:  Case Study practice

In preparation for the final case study, students will participate in a group case study:

"The Haber process is responsible for billions of dollars of industry in the world every year, though the reaction is surprisingly simple:

N2(g) + 3H2(g) <--> (equil. with) 2NH3 (g)

delta H = -92.6 kJ

In an industrial setting, the reaction is conducted at pressures between 500-1000 atm and at temperatures of about 500 C.  you are the chief chemical engineer of a chemical plant that produces ammonia by the Haber process.  The new owner (who knows little about chemistry) asks you to write him a report justifying these conditions.  Are there any further suggestions you might make?"

Students should write a short (2 page) report describing why these conditions are optimal in layman's terms.  They will be faced with an apparent contradiction due to the higher temperature.  They should brainstorm as a group to realize that the higher temperature may lower the Keq, but increases the rate.

lesson five: calculations lab

Students are given data on the forward and reverse rates of reaction for the equilibrium 

H2(g) + I2(g) <--> 2HI(g)

as well as initial concentrations.  They are asked to create a spreadsheet that reflects the reaction quotient every 0.001 sec.  The result should be a damped harmonic oscillator which centers on the Keq.  The students will then be asked to perturb the system by changing the theoretical temperature (changing the rate constants to new given values) and see how the system reaches a new equilibrium constant.  Both original equilibrium and perturbed equilibrium should be on teh same graph to be turned in.

Students are asked to write a short paper to accompany this graph.  How does the graph reflect your understanding of chemical equilibrium and perturbation?  How would the graph be different if the theoretical concentrations were changed as the perturbation?

lesson six:  Case Study Practice

In preparation for the final case study, students will participate in the following case study alone:

"Dudd canyon is a natural crevice cut deep into a plain of limestone.  The limestone was formed from the deposits of calcium oxide over millions of years.  Calcium oxide reacts with CO2 to form limestone by the following equilibrium equation:

CaO(aq) + CO2(g) <--> CaCO3(aq)"

Students are then given a table of data from the analysis of the various layers in Dudd Canyon.  Concentration of CaCO3 and CaO are given every thousand years.  Using the evidence given them, students are asked to determine when recent ice ages occurred.  A graph should be used to display their findings.  Students should explain the theoretical basis of their findings.  What other factors may have produced error in the experiment?

From this exercise, students should have practice relating changes in temperature to changes in chemical equilibria.  They should be able to predict why the temperature change affects equilibrium and how it affected it.  They should look for possible sources of error, such as varied concentration of CO2.

