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

· White vinegar (or 1 M acetic acid)

· Baking Soda (or Sodium Bicarbonate)

· 1 L graduated cylinder (for gas collection)
· 1 filtering flask
· Graduated cylinder (for measuring liquids)
· Rubber tubing

· Rubber stopper

· Triple beam balance

· Graph Paper
Authentic Assessment:
Each of the following is required per group:

· Triple Beam Balance

· Filter Paper

· Funnel

· Graduated Cylinder

· Reagents (TBD)

Activity Time Frame:
This activity may take two 75 minute sessions.

Environmental Setting:
This activity will take place in a laboratory classroom.
PASS Standards:
Science Processes and Inquiry: Chemistry


Process Standard 1: Observe and Measure

1. Identify qualitative changes in reactions and quantitative changes in chemical reactions 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 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.

5. Recognize potential hazards and practice safety procedures in all chemistry laboratory 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 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

2.   Select predictions based on models such as electron configuration, bonding, and compound formation.


3.   Compare a given model to the physical world.


Process Standard 6: Inquiry

1. Formulate a testable hypothesis and design an appropriate experiment to identify an unknown substance.

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.

2. Atoms interact with one another by transferring or sharing outer electrons that are farthest from the nucleus.  These outer electrons govern the chemical properties of the element.
4.   A compound is formed when two or more kinds of atoms bind together chemically.  Each compound has unique chemical and physical properties.
Standard 2: Chemical Reactions

1. A large number of important reactions involve the transfer of either electrons or hydrogen ions.

2. The rate of chemical reactions is affected by the concentration and temperature of the reacting materials.  Catalysts accelerate chemical reactions.

3. Chemical substances react in definite molar weight proportions.

4. Mass is conserved in chemical reactions.

Lesson Objectives:
· Measure the mass yield of a product as a function of the reactants

· Balance the chemical reaction between acetic acid and sodium bicarbonate

· Determine the stoichiometric ratio of reactants to produce the optimal amount of product
· Predict mass yield using mass ratio of reactants and reaction equation

Vocabulary Terms:
· Stoichiometry – the branch of chemistry that deals with quantities of substances in chemical reactions
· Mole Ratio – the ratio between coefficients in chemical reactions

· Limiting reactant – the substance that controls the quantity of product that can form in a chemical reaction
· Excess reactant – the substance that is not used up completely in a reaction

· Theoretical yield – the amount of a product of reaction predicted by the amount of reactants and the mole ratio

· Actual yield – the measured amount of a product of reaction

Background Knowledge:
Stoichiometry is the quantitative branch of chemistry; it deals with predicting the amounts of products created through various chemical reactions by knowing the amounts of reactants and the specific reaction that occurs.  
Stoichiometry itself is derived from several previously known laws: the law of conservation of mass, the law of definite proportions, and the law of multiple proportions.  The law of conservation of energy states that mass cannot be created nor destroyed; it can only changes forms.  This means that the total mass cannot change before and after a reaction.  More importantly, it also means that the amount of each element must remain the same before and after the reaction.
The law of definite proportions states that a chemical compound always contains the exact same proportion of elements by mass.  For a specific compound, say water (H2O), there will always be two hydrogen atoms and one oxygen atom.

The law of multiple proportions states that if two elements form more than one compound between them, then the ratios of the masses of the second element which combine with a fixed mass of the first element will be ratios of small whole numbers.  For example, carbon and oxygen combine to create carbon monoxide (CO) and carbon dioxide (CO2), but they cannot form CO1.8.  

Stoichiometry is traditionally used to balance chemical equations and determine mass (or volume) yields.  If the reactants and products of a particular reaction are known, it is necessary to make sure that the amount of each element present on both sides of the reaction remains constant.  If this is not the case, a coefficient is placed ahead of the various compounds until the equation is balanced.  The coefficients of each compound can be combined to represent the mole ratio between any two of the compounds, reactant or product.  

Once the equation is correctly balanced, the mass of product can be predicted by using the mole ratio between a particular product and the reactant in conjunction with the molar mass of the compounds.
In physical reactions, when the reactants are not exactly balanced with respect to the chemical equation, there will be some reactants remaining after the reaction along with the products.  The limiting reactant is the reactant that is deficient with respect to the stoichiometric ratio and will control the amount of product produced.  The excess reactant is the reactant that is in excess with respect to the stoichiometric ratio and will be remaining in some part after reaction has concluded.  
Activity Procedures:
· Students will observe a reaction with as of yet unknown substances.  The invisible product will be used to extinguish a flame, and the students will make a hypothesis in regards to what was produced.

· Students will construct a device to contain the product gases of a reaction

· Students will collect, graph, and analyze data to determine the effect of varying reactants in regards to volume (or mass) yield of gas

· Students will develop concept statement

· Students will predict mass yield of precipitate by first balancing a chemical equation then determining the correct mass yield

Technology Component
A digital mass balance may be used to verify results for authentic assessment.

Engineering Application
Most current automobiles use a form of processed fossil fuel (in the form of gasoline or diesel fuel) to operate as the energy source for the internal combustion engine.  The fuel is injected into the cylinder mixed with air and burned, which produces the mechanical energy that allows the vehicle to move.  However, in order to get the most energy out of the engine (thereby increasing efficiency) the air and fuel must be mixed in a very exact ratio; in order for the fuel to burn, oxygen must be available to complete the combustion reaction.
Assessment Tools
Each group will be assigned a target mass of precipitate yielded from a chemical reaction.  The students must balance the chemical equation, determine the molecular weight, then predict the amount of precipitate yielded.

