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Quick Start – a word generating activity:

 USING THE LETTERS FROM THE WORD

"STOICHIOMETRY"


MAKE AS MANY WORDS AS YOU CAN.

RULES
NUMBER YOUR WORDS.

DO NOT USE 1 OR 2 LETTER WORDS.

YOU MAY USE PROPER NAMES.

NO ABBREVIATIONS.

NO VULGARITY, NO PROFANITY.

YOU MAY ONLY USE THREE SINGULAR – PLURAL COMBINATIONS.

(ASK QUESTIONS IF YOU NEED ASSISTANCE)

Six Solutions

Six containers with identical looking solutions were found in the chemical storeroom.  Your task is to use your knowledge, understanding, and skills to design techniques to determine as much as possible about the six solutions.  The solutions are simply labeled A, B, C, D, E, and F.

• Think about what possible types of tests you might do to identify the chemicals.

• Propose procedures for those tests.

• List the safety considerations for your experiments.

• Collect data in an organized, logical, and thorough manner.

• Present your findings in a neat, organized presentation.

You will have time today and tomorrow to dialogue about what tests you want to do.  We will have a class discussion to share ideas.  You will have two days to perform testing on the solutions.

Six Solutions Evaluation

Your name 





Group member’s names 











How well did your group work together? 

List evidence to support your claim of how well your group worked.

What was your major role in the group?

Did your group end up with a leader, and if so, who was it?

What do you think the role of a leader in this type of situation should be?

How did you act like a scientist in this activity (be specific and give evidence)?

Following are four of the California Science Content Standards for Chemistry.  Explain how this activity may have met the goal of helping you learn each these standards (use one piece of paper only).

1. Scientific progress is made by asking meaningful questions and conducting careful investigations. As a basis for understanding this concept and addressing the content in other strands, students should develop their own questions and perform investigations.

2. Identify possible reasons for inconsistent results, such as sources of error or uncontrolled conditions.

3. Formulate explanations by using logic and evidence.

4. Recognize the cumulative nature of scientific evidence.

Injecting Inquiry

Incrementally “inquirizing” an existing lab:

Concept: Dissolving different substances or different amounts of a substance in a liquid, changes its boiling point and freezing point. 

· Cookbook lab: teacher identifies the substance, provides a procedure, data charts, etc. for measuring temperatures of identified solutions. (Students gather data, teacher either asks them to verify a relationship or tells them about the relationship they observed.)

· Inquirizing the meaning: students do the cookbook lab, then apply the concept to a novel situation (i.e. what concentration of salt water would be needed to run a heat exchanger in an environment that may get to -10ºC).

· Inquirizing the conclusions: students do cookbook lab, but discuss and write conclusions on their own.

· Inquirizing data organization: students design their own data charts

· Inquirizing the procedure: students design the procedure, as a whole class or as individual groups.

· Inquirizing the question: students consider a set of phenomena.  They brainstorm potential explanations for these phenomena and construct an explanation.  They then frame a question that helps test the explanation.

Other ways to inject inquiry:

• Problematizing an observation:  Adding alcohol to water decreases the boiling point and adding salt to water increases the boiling point.

· Traditional instruction - the teacher lectures about what is happening and why.

· Inquiry: the kids find the patterns and link them to explanation or construct explanations.

• Applying concepts and skills: Students learn a concept (or multiple concepts) through any means (lecture, cookbook lab, inquiry lab), then apply it to a novel and possibly ambiguous situation 

· Center for Disease Control scenario and the production of a chemical compound.

Test Tube Geology:  The Corrosion of Iron
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Background by Grace Neff

The oxidation of metals, when it is a slow process, is called corrosion.  This is a destructive process, as when the metal loses electrons to become a metal ion, the solid metal is broken down or corroded.  Iron will corrode and form rust in the presence of water and oxygen.  Approximately 25% of the steel produced in the US is made just to replace corroded steel.  In this activity, you will explore the reactivity of iron nails in the presence of Cu+2 and Na+1 ions.  This will mimic natural processes that could be occurring underground.

Materials:

3 M HCl or sandpaper (if galvanized nails are used)*

Iron nails





Copper sulfate pentahydrate

Sodium chloride




Test tube

Water






Filter paper

Stir rod

Safety:  * Goggles should be worn when working with HCl.

Procedure:

1. Sandpaper or soak the nails in HCl if they are galvanized.

2. Cut two small circles of filter paper that will just fit into the test tube.

3. Put about 2.5 to 5 grams of copper sulfate pentahydrate into the test tube.  Put one of the small circles of filter paper over this, pushing it down flat with a stir rod.

4. Add sodium chloride to about twice the depth as the copper sulfate.  Cover this with the second piece of paper.

5. Place two or three nails on top of the paper and slowly add water to cover the entire contents.  Leave the test tube in a safe place overnight.

6. Sketch and label the contents of the test tube every day, recording your observations carefully.

Analysis- answer these questions in your notebook

1. Which metal is more active, copper or iron?  On what evidence are you basing your answer?  Write a chemical reaction to explain what you observed between the iron metal and copper ions.

2. Which metal is more active, sodium or iron?  On what evidence are you basing your answer?  Write a chemical reaction to explain what you observed between the iron metal and sodium ions.

3. Given what you observed in this activity, do you think underground pipes should be made of copper or iron?  Explain why, citing evidence from your experiment.

4. One method for protecting iron from corrosion is to “coat” iron with a metal that is more active than iron, or one that will oxidize more readily than iron.  Given what you observed in Activity 4, predict which metals you think could be used to protect iron from oxidation.  Then look up an activity series online or in a general chemistry text to see if your predictions were correct.  

Solubility Products and Percent Yield




David Jaeger

CONFIDENTIAL

CDC Memo - NOT FOR PUBLIC RELEASE


Center for Disease Control, Atlanta, Georgia - 10 vials of smallpox virus which had been stored in liquid nitrogen, were discovered missing during a periodic inventory of CDC samples.  Investigation into the whereabouts of the missing vials is ongoing at this time.  


Since there have been no natural cases of smallpox since 1977 the availability of vaccine is very limited.  Production of the vaccine has begun but it is estimated that it will take two months to produce a large enough supply of the vaccine to begin an immunization program.  The other problem is that the vaccine only offers immunity if given before someone is infected it cannot cure the disease if one has smallpox.


The medication of choice for combating the disease is barium carbonate.  Your company has been chosen to be a manufacturer of this compound in your geographic region.  Your chemical engineering team is to devise a way to produce the medication at the most reasonable possible cost.  Your team should also strive for a process which results in a high percent yield of calcium oxalate.  Reports and samples must be submitted to the CDC.


The general task of your chemical engineering team is to devise an economical method of producing the medication and at the same time minimize the mass and/or volume of by-products generated in the process.  By-products are toxic, must be turned in, and will incur handling costs. 


Some background information on smallpox accompanies this document.

Specific tasks with regard to the medication are as follows:

1) Develop the most economical process by which to manufacture the medication
(barium carbonate), provide the balanced equation for the reaction you use.

2) List each of the compounds used and produced, giving the name, formula, and formula mass of each.

3) Produce a 1.10 g (+0.10 g) sample of the pure, dry medication.  Present 
amounts of all by-products produced for disposal.

4) Provide laboratory data on amounts of all chemicals used and produced. Stoichiometry: mole amounts, number of molecules used and produced, mass-mass calculations, % composition findings, and percent yield data.

5) Present a financial statement of all transactions and expenses, including
the total cost of the project.

Obviously your team wants to employ the production method that results in the highest percent yield and lowest by-product generation, not to mention a method that is economical.  This will take some thought and investigation on your part.  


Submitted reports will adhere to the following format and guidelines:

A) Title page - Project Name, Company Name, Company Address, Date, Investigators names, and Lab Numbers.

B) Company Statement - a cover letter from your company outlining your company's strengths, illustrating your approach to the problem, and establishing confidence in your company's ability to handle the task at hand. (One page maximum)


C) A resume from each scientist on your team.

D) Data & Results - one to three pages with information and calculations specified in items 1 through 5 on the previous page.  Include all stoichiometric calculations. Must be neat, organized, and labeled.


E) Financial statement.

F) Summary statement - summarizing the efficiency of the process used, sources of error, suggestions for improvement of techniques. (1 pg max).


G) CDC-approved research notes (daily log data and entries) in regulation lab 

notebooks.





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

PRICE LIST:


Barium chloride . . . . . . . . . . . . . . . . . . . . . .  $   800/gram


Barium nitrate . . . . . . . . . . . . . . . . . . . . . . . . $   700/gram


Barium sulfate . . . . . . . . . . . . . . . . . . . . . . . .$    400/gram


Calcium carbonate . . . . . . . . . . . . . . . . . . . . . $   200/gram


Calcium chloride . . . . . . . . . . . . . . . . . . . . . . $   800/gram


Calcium nitrate . . . . . . . . . . . . . . . . . . . . . . .  $   900/gram


Potassium carbonate . . . . . . . . . . . . . . . . . . .  $   500/gram


Sodium carbonate . . . . . . . . . . . . . . . . . . . . .  $    500/gram


Sodium acetate . . . . . . . . . . . . . . . . . . . . . . .  $    900/gram


Filter paper  . . . . . . . . . . . . . . . . . . . . . . . . . .  $   100/piece


Waste disposal fee . . . . . . . . . . . . . . . . . . . .  $  200/ml or 900/gram

NOTE: some chemicals may be available only as hydrates. Check with supplier for specific details.





    CDC Smallpox Project





        Criteria Sheet

Name ____________________



Name ___________________

Lab No. _________





Lab No. _________






Title Page

________

professional, correct, complete

________






Cover Letter

________

accurate, realistic, professional,

________





well-written, grammar, spelling





meets all specifications set forth






Resumes

________

professional, up-to-date, neat,


________





well-organized, complete






Data & Results

________

mass-mass calcs, formulas, formula

________





masses, mole amounts, % composition,





% yield, molecules used & produced,





well-organized, accurate






Financial Statement

________

well-organized, neat & clear, 


________





correct, complete, labeled






Summary

________

well-written, grammar, spelling,

________





authentic, realistic, professional






Research Notes

________

authentic, not copied - done on site

________





while doing lab work, thorough, 





initialed

________


   TOTAL



________



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

Your comments about score distribution:

Physical Properties Investigation




Will C. Wood











 High School

Federal Aviation Administration

Investigations Branch

617 Flightline Rd

Washington, DC   00101

As you know, a ValueJet flight crashed in the Everglades just a few days ago.  Only small portions of wreckage have been retrieved due to the difficulties of working in the swamp environment.  The metal sample assigned to your investigative team was recovered from the site of the crash.  The FAA believes it may be part of the aircraft.  However, positive identification is necessary.

Using density and specific heat analysis you are to identify the metal sample assigned to you and tell the FAA if it comes from the crash or not.  A positive identification of the metal and a report are needed by Friday.  A list of metals used in the jet’s construction is provided below.

Laboratory facilities will be available to you through Thursday.  Your report must be in block format and must not be any more than two pages.  Include your identification (and sample number), calculations, and data and explanation of evidence to support your conclusions – in that order.

Metals used in aircraft construction:


Lithium



Beryllium


Aluminum


Iron


Zinc


Tin


Iridium


Lead











Sincerely,










    George  Wilson









   Director, Safety Investigations

An Historical Example of Model Development and How Scientists Came to Make Sense of the Temperature Concept

And in particular, the Meaning of Absolute Zero of Temperature
Wendell Potter, Physics UC Davis

Going back several hundred years, before the concepts of heat, temperature, energy, motion, and the particulate nature of matter were understood in relation to each other, temperature was simply measured in terms of the variation of a particular physical property of some substance.  For example, a commonly used physical property for measuring temperature, both then and now, is the change in volume of a confined amount of a liquid or gas as the temperature changes.  A temperature scale can then be constructed by calibrating the thermo-meter, or thermometer, using two reproducible temperatures.  Melting points and freezing points of common substances provide convenient fixed points, which can be used to define a temperature scale as well as being used to calibrate particular thermometers.  The Celsius scale is a familiar example, with the zero of temperature being set to the freezing point of pure water and 100 degrees being assigned to the boiling point of pure water.  The Fahrenheit scale, still commonly used in the United States, historically used less reproducible temperatures to set the zero and 100 degree mark: the coldest temperature that could be reached and “body temperature.”  

These early thermometers and associated temperature scales could measure temperatures and were a significant improvement over the simple notions of hotter and colder, but did not, by themselves, help scientists to understand what temperature actually is and how it is related to other physical concepts such as heat, energy, friction, or motion.  And because the zero points on all these temperature scales were arbitrarily set, they certainly did not help to make sense of questions such as, “What is the lowest temperature?” or “Is there a true zero of temperature, analogous to the concept of zero speed?”  The first record of progress along these directions occurred in 1702, even before there were reliable and reproducible thermometers.  Guillaume Amontons found that the pressure of a gas increases by roughly one-third between “cold” temperatures (slightly below the freezing point of water) and the boiling point of water.  He speculated that a sufficient reduction in temperature would cause the pressure to go to zero.  

Stepping back and considering what Amontons had done scientifically, we see that he established a data pattern for the variation of gas pressure with temperature that led him to speculate that at sufficiently low temperatures, gas pressure would go to zero.  This suspicion was based simply on an extrapolation of the data pattern to lower temperatures.  He had no model or theory to support his speculation, nor did he have actual data on how gas pressure would behave at lower temperatures in order to test his prediction.  

Over the next 150 years, the gas “laws” were empirically established.  These were essentially data patterns relating the change in pressure of a gas to changes in its volume, its temperature, and in the amount of gas.  By extrapolating from the range of temperatures that could be measured, an absolute zero of temperature could be assigned to the various temperature scales as the point at which the pressure went to zero.  There was still no theoretical justification or model for this speculation, and experimentally, there appeared to be no way to reach the zero of temperature anyway, since all known gases liquefied well above the extrapolated zero of temperature.  Then in 1848 William Thomson (Lord Kelvin) proposed a direct relationship between changes in temperature and changes in “the heat” of an object (today we would say the “thermal energy” of an object).  He proposed an absolute temperature scale in which the temperature would go to zero when the thermal energy was reduced to zero.  The two essential features of the Kelvin (or absolute or thermodynamic) temperature scale is that zero on this scale does correspond to the absolute lowest temperature and that changes in the Kelvin temperature are directly proportional to the change in the thermal energy of an object (within certain limits).  This new notion of temperature and its connection to thermal energy is not dependent on the gas laws, but it does, however, allow the gas laws to be conveniently combined into what today is known as the ideal gas law: PV = nRT.  

The ideal gas law is found to hold for all gases if they are sufficiently above their liquification temperature and are not too dense, that is, the volume is not too small.  It is precisely these constraints that allowed for the development of a model of the behavior of gases in terms of their atomic nature during the latter half of the 1800’s: the kinetic theory of dilute gases.  By treating the gas particles as very small billiard ball-like particles that obeyed the laws of Newtonian mechanics, it was possible to explain the form of the ideal gas law provided the Kelvin temperature were associated with the translational kinetic energy (motional energy) of the particles.  This association of temperature directly with the kinetic energy of the particles provided a model, at last, for understanding the relationship between particle motion, absolute temperature, and thermal energy.  

Summarizing where we are in the historical development, we now have a model, incorporating the kinetic theory of gases that can be used to explain the ideal gas law and the vast store of empirically determined data patterns consistent with the ideal gas law.  Although the relationships were derived for ideal monatomic gases, the fundamental idea that changes in temperature are directly proportional to changes in thermal energy, and that thermal energy is directly related to the energy of the atoms and molecules is assumed to be applicable to all matter, including liquids and solids.  This thermodynamic understanding of temperature and thermal energy is not as easy to apply to liquids and solids as to monatomic dilute gases.  The challenge boils down to making sense of the specific heats of various substances in their different states of matter.  The “simple” kinetic theory model for monatomic gases did not even work for explaining the specific heat of simple diatomic gases such as nitrogen and oxygen.  Gradually the “simple” model was extended to include all “the ways” the particles of the gas, or liquid or solid, “could have energy.”  Diatomic gas molecules could have rotational kinetic energy as well as translational kinetic energy.  The two atoms of a diatomic molecule could also oscillate, acting like two balls connected by a spring.  When they oscillated they would have both kinetic energy and spring potential energy.  Atoms and molecules in the liquid and solid state also oscillate back and forth.  By generalizing the relation between temperature and energy to include all “the ways” the particles can have energy, we arrive at the currently accepted model of the connection of temperature and its relationship to thermal energy and to the particle nature of matter.  

At the beginning of the 20th century, there were still some unsettling questions about the behavior of specific heats of both gases and liquids and solids.  The model predicted that specific heats should be the same for all solids when measured with respect to a fixed number of particles, i.e., as molar values.  Likewise, all monatomic gases should have the same molar specific heats, diatomic gases the same values of specific heats, etc.  The predictions of the model agree with many of the experimental values, but there are some glaring discrepancies.  For example, the vibrational energies that common diatomic gases such as oxygen and nitrogen must have did not show up in the thermal energy until their temperatures were increased well above room temperature.  Many solids have molar values of specific heat below the value predicted by the model at room temperature.  And perhaps worst of all, the model could not predict that the specific heats of all substances must decrease towards zero as the temperature approached the absolute zero of temperature, a requirement imposed by the thermodynamic model which was by now well established, which connected the concept of temperature directly to other concepts such as entropy.  

It was Einstein, who first made headway in making sense of these discrepant phenomena (discrepant in terms of the existing particle model of thermal energy) by applying the emerging concept of quantization of energy to the vibrational energies of solids.  The notion of quantization of energy was also extended to the vibrational energies of diatomic gases.  Suddenly, the particle model of thermal energy, extended to incorporate the new idea of energy quantization, provided a way to make sense of most empirically determined molar specific heats.  When discrepancies arose, the model could be used to refine the understanding of the structure of the substance itself.  This use of the model has been a powerful tool to make sense of all manner of complicated substances and is still frequently used by scientists to make sense of all manner of phenomena, such as superconductivity and various kinds of magnetic phenomena.

So how close can one get to the absolute zero of temperature?  That is, how much can the thermal energy of some system be reduced?  The current lowest values of the temperature of the systems of interacting magnetic moments of nuclei in metal or insulating crystals is a few hundred picokelvins.  (A picokelvin is 0.000,000,000,001 kelvin.)  The atomic vibrations of the solid, what we normally associate with the thermal energy, are not quite as cold in terms of temperature, but its thermal energy is smaller than that of the thermal energy associated with the nuclear magnetic moments. This is due to the drastic reduction of the specific heat of the vibrational energies due to quantization.  

The fundamental ideas proposed by Kelvin in the middle of the 19th century, coupled with the concept of quantization of energy levels that appeared early in the 20th century, are the fundamental elements of the particle model of thermal energy.  This model provides us with a way to understand all manner of thermal phenomena and the relation of temperature to other thermal and mechanical concepts. And it also provides a precise meaning for the notion of absolute zero of temperature.  The gas laws and the kinetic model of dilute gas behavior were important in the development of the particle model of thermal energy by providing a bridge to the mechanical notions of energy, motion, and pressure.  This connection, which could be made in “simple” dilute monatomic gas systems, played an important historical role in providing a causal model for Kelvin’s ideas.  Once established for this simple system, the model could be applied to the much more complicated liquid and solid forms of matter.  
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