Chemistry-Unit 7-Predicting Products, Redox, Thermochemistry


Comprehensive Curriculum

Concept Correlation

Unit 7:  Predicting Products, Redox Reactions, Thermochemistry
Time Frame:  Regular Schedule – 4 weeks; Block Schedule – 2 weeks
	Big Picture: (Taken from Unit Description and Student Understanding)
· Writing, balancing, classifying, and interpreting chemical equations helps us understand how and why reactions occur.

· Predict products, including phases
· Write net ionic equations
· Balance redox equations using ½ reactions
· Distinguish between exothermic and endothermic
· Interpret phase change diagrams and energy changes in reactions
· Calculate specific heat of a substance and energy lost/gained in a reaction

	Guiding Questions
	Activities
The essential activities are denoted by an asterisk.
	GLEs
	DOCUMENTATION                       
Documented GLEs

GLES 

Bloom’s Level

GLES

Date and Method of Assessment

Analysis

PS 7

Analysis
PS 30
Comprehension

PS 31

Synthesis

PS 34

Application
PS 35
Application
PS 36
Analysis
PS 42
Synthesis
PS 43
Analysis
PS 44
Synthesis
SI 1
Analysis
SI 3

Analysis
SI 5

Application

SI 7

Evaluation

SI 9

Application

SI 10

Evaluation

SI 15

Reflections



	Concept 1:  Chemical Reactions

34. Can students identify the basic types of chemical reactions?

35. Can students write balanced chemical equations?

36. Can students predict products with phases?


	Activity 35:  Classifying Reactions

GQ 34, 35, 36
	SI 3, 10; 

PS 7, 31, 34
	

	Concept 2:  Oxidation-Reduction Reactions

37. Can students balance simple oxidation/reduction reactions using ½ reactions?


	*Activity 36A:  An Introduction to Oxidation-Reduction

GQ 37
	SI 10; PS 34, 36
	

	
	*Activity 36B:  An Introduction to Oxidation-Reduction

GQ 37
	SI 10; PS 34, 36
	

	
	*Activity 36C:  An Introduction to Oxidation-Reduction

GQ 37
	SI 10; PS 34, 36
	

	
	*Activity 36D:  An Introduction to Oxidation-Reduction

GQ 37
	SI 10; PS 34, 36
	

	Concept 3:  Energy Transfer

38. Can students describe the  experimental study known as calorimetry and how it incorporates specific heat and latent heat of fusion or vaporization?

39. Can students compare the amount of activation energy for an endothermic reaction and an exothermic reaction?

40. Can students produce and interpret a temperature-time graph as a substance passes through phase changes?

41. Can students use Hess’s Law to calculate the heat of reaction?
	*Activity 37:  Inter-State Matters: Exploring Phase Transitions of Gases, Liquids, and Solids

GQ 36
	SI  5, 7; 

PS  30, 43
	

	
	Activity 38:  Heat of Fusion of Ice

GQ 36
	SI 5, 15; 

PS 30
	

	
	*Activity 39A/B:  Calorimetry

GQ 34
	SI 1, 9, 10; 

PS 30
	

	
	*Activity 40:  Exothermic and Endothermic Reactions
GQ 35
	SI 6;

PS 31, 42
	

	
	Activity 41:  Heat of Reaction

GQ 37
	SI 7; PS 44
	

	
	Activity 42:  Heat of Reaction for the Combustion of Mg
GQ 37
	SI 10, 15; 

PS 44
	

	**Essential Activities: 35, 36, 37, 39, 40, 42    ****Optional Activities: 38, 41


Unit 7 Concept 1:  Predicting Products, Net Ionic Equations, and Phases 

GLEs

*Bolded GLEs must be assessed in this unit

	PS 7
	Write a balanced symbolic equation from a word equation (PS-H-A2) (Analysis)

	PS 31
	Describe chemical changes and reactions using diagrams and descriptions of the reactants, products, and energy changes (PS-H-D1) (Comprehension)

	PS 34
	Describe chemical changes by developing word equations, balanced formula equations, and net ionic equations (PS-H-D3) (Synthesis)

	PS 35
	Predict products (with phase notations) of simple reactions, including acid/base, oxidation/reduction, and formation of precipitates (PS-H-D3) (Application)

	SI 3
	Plan and record step-by-step procedures for a valid investigation, select equipment and materials, and identify variables and controls (SI-H-A2)

	SI 10 
	Given a description of an experiment, identify appropriate safety measures (SI-H-A7) (Application)


	Purpose/Guiding Questions:

· Predict products
· Predict phases
· Write net ionic equations
	Key Concepts/Vocabulary:

· Net Ionic equations
· Phase notations

	Assessment Ideas:

· Lab Report

· Quizzes

· Tests

· Graded assignments
Activity Specific Assessments:


	Resources:

· Safety Guidelines
· Lab Equipment
· Internet


Instructional Activities

Note:  Essential activities are key to the development of student understandings of each concept.  Substituted activities must cover the same GLEs to the same Bloom’s level.

**Essential Activities:  35
Activity 35:  Classifying Reactions (SI GLEs: 3, 10; PS GLEs: 7, 31, 34, 35)

Materials List: materials dependent upon the reactions chosen by the students, lab aprons, safety goggles, Split-Page Notetaking BLM, problems for students to work from text or other teacher-provided resource
To activate prior knowledge on the types of chemical reactions, divide students into five groups. Each group will be assigned a type of reaction:  synthesis, decomposition, single replacement, double replacement, or neutralization. Students should research and determine two simple reactions that can be performed as a demonstration to the class (or the teacher can assign specific reactions using the available chemicals). An explanation of solubility rules (for double replacement reactions) and the use of the activity series (for single replacement reactions) should be included in the student presentations.

Have students plan their lab set-up, procedures, presentations of information, and safety issues on the type of reaction they selected. Once the teacher approves the students’ plan, instruct them to describe the reaction type, conduct demonstrations, and guide their classmates in writing balanced equations for the reactions. Ask students to observe the equations and notice commonalities and differences to identify a pattern for each type of reaction. 

Split-page notetaking (view literacy strategy descriptions) logically organizes information and ideas from multiple sources; it helps separate big ideas from supporting details; it promotes active reading and listening; and it allows inductive and deductive prompting for rehearsing and remembering the information. Split-page notetaking should be used to develop a class description of the pattern for each type of reaction. Refer to the sample on the Split-Page Notetaking BLM.  Given the reactants, students will participate in a guided practice session to write balanced equations, including phase notations, and classify the type of reaction. Examples of the four basic types of reactions and the basic forms or patterns can be located online for teacher use at http://www.chem.vt.edu/RVGS/ACT/notes/Types_of_Equations.html. This site provides concise descriptions of the types of reactions as well as numerous examples of each. It also explains using the activity series of the elements, the solubility rules, and ionic equations. Practice predicting the products of reactions is also included. Demonstrate for students how they can study from their notes by covering one of the columns and, using information in the other, try to recall the covered information.  Students can also quiz each other over the content of their notes in preparation for tests and other class activities.

Activate prior knowledge of chemical changes by asking students what indications to look for as evidence that a chemical change has occurred (formation of bubbles when a gas is produced, unexpected color change, energy in the form of heat and/or light produced, formation of a precipitate). Using direct instruction, instruct students how to write ionic and net ionic equations to predict the formation of precipitate, gas produced, or water molecules formed. Provide practice problems for the students.


Unit 7 Concept 2 Oxidation-Reduction Reactions

GLEs

*Bolded GLEs must be assessed in this unit

	PS 34
	Describe the chemical changes by developing chemical equations, balanced formula equations and net ionic equations. (PS-H-D3) (Synthesis)

	PS 36
	Identify the substances gaining and losing electrons in simple oxidation-reduction reactions (PS-H-D3) (Application)

	SI 9
	Write and define a conclusion based on logical analysis of experimental data (SI-H-A6) (SI-H-A2) (Evaluation)

	SI 10
	Given a description of an experiment, identify appropriate safety measures (SI-H-A7) (Application)


	Purpose/Guiding Questions:

· Demonstrate ability to balance a redox equation.

· Identify the components of an electrochemical cell.
	Key Concepts/Vocabulary:

· Oxidation States

· Oxidation

· Reduction

· Electrochemical cell

	Assessment Ideas:

· Lab Report

· Quizzes

· Tests

· Graded assignments
Activity Specific Assessments:


	Resources:

· Safety Guidelines
· Lab Equipment
· Internet


Instructional Activities

Note:  Essential activities are key to the development of student understandings of each concept.  Substituted activities must cover the same GLEs to the same Bloom’s level.

**Essential Activities: 36A/B/C/D

**Activity 36A:  An Introduction to Oxidation-Reduction (CC Unit 5 Activity 7)  

(SI GLEs: 10; PS GLEs: 34, 36)

Materials List:  zinc shot, copper shot, lead shot, O.1 M solutions of zinc nitrate, copper nitrate and lead nitrate, microplate per group, lab aprons, safety goggles, Introduction to Oxidation-Reduction Reactions BLM, Introduction to Oxidation-Reduction Reactions Answer Sheet BLM, Vocabulary Self-Awareness BLM,  problems for students to work from text or other teacher-provided resource

Vocabulary self-awareness (view literacy strategy descriptions) charts should be used to activate prior knowledge of the terms presented in this activity. Provide a list of words to students at the beginning of this part of the unit and have them complete a self-assessment of their knowledge of the words using the Vocabulary Self-Awareness BLM. Do not give students definitions or examples at this stage. Ask students to rate their understanding of each word or law with either a “+” (understand well), a “(” (limited understanding or unsure), or a “-” (don’t know). Over the course of the readings and exposure to activities throughout the unit, students should be told to return often to the chart and add new information to it. The goal is to replace all the check marks and minus signs with a plus sign. Because students continually revisit their vocabulary charts to revise their entries, they have multiple opportunities to practice and extend their growing understanding of key terms related to the topic of chemical and physical properties of matter. If after studying these key terms, students still have checks or minuses, the teacher should be prepared to provide extra instruction for these students. Use the Vocabulary Self-Awareness BLM as a guide.

Provide instruction on oxidation-reduction (redox) reactions prior to the following activity. Provide examples of common oxidizers and reducers, such as silver tarnishing in the presence of sulfides and iron rusting in air. Allow students to practice writing and balancing net-ionic equations. The teacher should then demonstrate balancing a redox equation by half-reactions.

In this investigation, students will experimentally determine the relative electron-gaining tendency of three metallic ions. Students will enter their observations in a student-generated data table. Prior to entering the lab, describe the experiment and have the class describe appropriate safety measures to be observed in this lab. Lead a class discussion of findings of the groups. Compare the results of the activity to the activity series of the elements referred to under single replacement reactions on the Activity 4, Split-Page Notetaking BLM. 

Complete instructions for this activity can be found on the Introduction to Oxidation-Reduction Reactions BLM. 

**Activity 36B:  An Introduction to Oxidation-Reduction (Teacher-Made Activity)  

(SI GLEs: 9, 10; PS GLEs: 34, 36) 
Make an electrochemical cell.  Demonstrate an electrochemical cell with an Oscar-Meyer hot dog salt bridge.  Fill one beaker with copper II sulfate solution and a copper electrode.  Fill a second beaker with zinc sulfate solution and a zinc electrode.  Using a voltmeter, place the alligator clips on the two electrodes.  Finally, use an Oscar-Meyer wiener as the salt bridge.  

**Activity 36C:  An Introduction to Oxidation-Reduction (Teacher-Made Activity)  

(SI GLEs: 9, 10; PS GLEs: 34, 36) (See Appendix 8a)
Electroplating - “Funny Money”

The students will electroplate a nickel and a copper penny.  This is a very inexpensive lab requiring a 9-volt battery, wires with alligator clips, a beaker, graphite pencils and the coins.
In each of these, the alligator clip is out of the solution; the positive electrode is pencil lead; the wires that loop over the lip of the beaker are solid electrical wires that stay rigidly in place holding the pencil lead and the coin at just the right levels.  

This lab is adapted from the following website:

http://www.science-projects.com/Electroplating/ePlate.htm
**Activity 36D:  An Introduction to Oxidation-Reduction (Teacher-Made Activity)  

(PS GLEs: 34, 36) (See Appendix 8b)

The Can Ripper

This is a great way to illicit discussion from your students.  Thanks to a simple oxidation-reduction reaction, you will have the ability to rip a can in half with very little effort.
Unit 7 Concept 3:  Energy Transfer 

GLEs

*Bolded GLEs must be assessed in this unit

	PS 30
	Solve problems involving heat flow and temperature changes by using known values of specific heat and latent heat of phase change (PS-H-C7) (Analysis)

	PS 42
	Differentiate between activation energy in endothermic reactions and exothermic reactions (PS-H-D6) (Analysis) 

	PS 43
	Graph and compute the energy changes that occur when a substance, such as water, goes from a solid to a liquid state, and then to a gaseous state (PS-H-D6) (Synthesis)

	PS 44
	Measure and graph energy changes during chemical reactions observed in the laboratory.  (PS-H-D6) (Analysis)

	SI 1
	Write a testable question or hypothesis when given a topic (SI-H-A1) (Synthesis)

	SI 5
	Utilize mathematics, organizational tools, and graphing skills to solve problems (SI-H-A3) (Analysis)

	SI 7
	Choose appropriate models to explain scientific knowledge or experimental results (e.g., objects, mathematical relationships, plans, schemes, examples, role-playing, computer simulations) (SI-H-A4) (Application)

	SI 9
	Write and defend a conclusion based on logical analysis of experimental data (SI-H-A6) (SI-H-A2) (Evaluation)

	SI 10 
	Given a description of an experiment, identify appropriate safety measures (SI-H-A7) (Application)

	SI 15
	Analyze the conclusion from an investigation by using data to determine its validity (SI-H-B4) (Evaluation)


	Purpose/Guiding Questions:

· Analyze the energy changes during a phase change.

· Utilize graphing skills to create a phase diagram.

· Predict the shift in equilibrium under various stress conditions.
	Key Concepts/Vocabulary:

· Kinetic molecular theory 

· Equilibrium

· Phase changes

· Phase Diagrams

· Molar Heat of Fusion

· Specific Heat

	Assessment Ideas:

· Lab Report

· Quizzes

· Tests

· Graded assignments
Activity Specific Assessments:

· Activities 37, 38, 40
	Resources:

· Safety Guidelines
· Lab Equipment
· Internet


Instructional Activities

Note:  Essential activities are key to the development of student understandings of each concept.  Substituted activities must cover the same GLEs to the same Bloom’s level.

**Essential Activities:  37, 39A or 39B, 40, 42

***Optional Activities: 38, 41
**Activity 37:  Inter-State Matters: Exploring Phase Transitions of Gases, Liquids, and Solids (CC Activity 4)  
(SI GLEs:  5, 7; PS GLEs: 30, 43)

Materials List: safety goggles, apron, ice, heat source, beakers, thermometers, Heating Curve BLM, Phase Diagrams BLM, science learning logs, probes and graphing calculators (if available)

 Safety caution: Address all safety issues before beginning this activity. 

Students should explore the phase and temperature changes that occur as ice changes to water and steam. The students should predict what the heating curve (a graphical representation of the energy changes when a substance is heated—a plot of temperature vs. time) for these changes will look like before doing the activity. Have students set up an apparatus to melt a known quantity of ice in a beaker, then heat the resulting water and allow it to boil for two minutes while monitoring the temperature throughout the process. Have students make a temperature-time graph from the recorded data and compare it to their prediction. The students should try to explain any discrepancies between the predictions and graphs. The teacher should then guide the students through the calculations of the energy changes through transitions. Conclude with a discussion of the reason the temperature remains stable even when additional energy is being added when phase changes occur (intermolecular forces of attraction between the H2O molecules must be weaken or broken). This is an excellent activity to use with probes and graphing calculators.  Use the Heating Curve BLM and instruct students to draw a sample heating curve in their science learning logs (view literacy strategy descriptions).  

Copies of the Phase Diagrams BLM should be made and handed out. All points on the diagrams should be explained. It should be explained that the phase diagram of H2O is the only one with a negative slope between the solid and liquid phases. Provide students with copies of the Phase Diagrams BLM to accompany the discussion of how to read and interpret the diagrams. An excellent explanation can be found online at the website http://www.chemguide.co.uk/physical/phaseeqia/phasediags.html.  Students should compare and contrast heating curves and phase diagrams in their science learning logs (view literacy strategy descriptions).  

	Assessment
· The student is to graph the data from the activity and write conclusions about the energy changes that occur as H2O is heated and changes state. Explanations of what is occurring on the molecular level from the initial temperature reading to the final temperature reading should be included in the student’s writing.




***Activity 38:  Heat of Fusion of Ice (SI GLEs: 5, 15; PS GLE: 30) (CC Activity 5)

Materials List: ice, graduated cylinder, thermometer, foam cup, source of hot water

Safety caution: Address all safety issues before beginning this activity. 
Provide students with ice and a graduated cylinder, thermometer, foam cup, and source of hot water. Have students fill the cylinder with hot water from the faucet. Allow the cylinder to stand for one minute. Pour the water into the sink. Use the graduated cylinder to measure 70 ml of hot water. Pour it into the foam cup. Record the temperature of the water. Add a small cube of ice to the water and gently swirl the cup. Measure the temperature of the water immediately after the ice cube has completely melted. Pour the water from the cup into the graduated cylinder and measure the volume. Determine the heat of fusion of ice (kJ/mol) by dividing the heat given up by the water by the moles of ice melted. (Determine the mass of ice melted by subtracting the difference between the volume before the ice was added and the volume after it has melted.)  Students are to respond in writing to the following:  The heat of fusion of ice is 6 kJ/mol. What is your percent error? Why do you think there was a difference, if any?  How could you make this activity more error proof?

	Assessment

· The student is to graph the data from the activity and write conclusions about the energy changes that occur as H2O is heated and changes state. Explanations of what is occurring on the molecular level from the initial temperature reading to the final temperature reading should be included in the student’s writing.


**Activity 39A:  Calorimetry (CC Activity 7)  

(SI GLEs: 1, 9, 10; PS GLE: 30)

Materials List: safety goggles; aprons; balance; foam cups with lids; thermometers; stirrers; ice; source of hot water; ionic compounds such as NH4Cl, NaC2H3O2, KCl, KOH, NaCl, NaOH or NH4Cl; metal samples such as Al, Cu, Fe, Ag, or Pb; probes and graphing calculators (if available); problems for students to work from text or other teacher-provided resource

Safety caution: Address all safety issues before beginning this activity. 
To develop an understanding of the fundamentals of calorimetry, students will learn how to manipulate and set up the necessary equipment. Provide students with foam cups or calorimeters with aluminum inside cups, stirrers, thermometers, balances, hot plates, and ice cubes. Using calculators or computers with probes, if available, is an excellent way to collect the data and graph the results. Give students the opportunity to identify appropriate safety measures that should be considered for this investigation. 

Ask the students to write a testable question regarding what will happen when an ionic solid is dissolved in water or when a hot metal is placed in cold water. This question will be investigated by using a calorimeter that the student constructs or the teacher provides. The calorimeter can also be used to find the heat of solution or the specific heat of a metal. 

The activity can be found at the website http://www2.hn.psu.edu/faculty/dmencer/calorimetry/Coffee1.htm. This activity includes how to construct and calibrate a coffee cup calorimeter. It includes a worksheet that includes the calibration instructions as well as directions for finding the heat of solution and specific heat of metals. The heat of solution and specific heat of metals can be done in the lab or online as a virtual lab once the calorimeter is calibrated.

Students should solve problems involving heat flow and temperature changes by using known values of specific heat and latent heat of phase change. 

Ask students what happens when a spoon is placed in a cup of hot chocolate (the energy of the hot chocolate is transferred to the spoon) or when a glass of cold water is left out on a counter. (energy is transferred from the warmer room to the water) Ask what happens to these systems if they are left on a counter while the student has to go and answer the door? (The systems will reach room temperature) Ask what direction the flow of energy takes? (Heat flows from the warmer object to the cooler object) Ask the students why they sit in front of a fireplace in the winter. (To get warm… the heat energy of the fire is being transferred to the student!)
**Activity 39B:  Calorimetry – Death of a Peanut Activity (Teacher-Made Activity)  

(SI GLEs: 1, 9, 10; PS GLE: 30) (See Appendix 6g)
The purpose of this activity is to estimate the Calorie content of peanuts using a simple calorimeter.

The students will estimate the gross energy released by the complete combustion of 1 g of peanuts by constructing a calorimeter out of an aluminum can and measuring the change in temperature of water caused by the burning peanut.

**Activity 40:  Exothermic and Endothermic Reactions (CC Activity 6)

(SI GLEs: 6; PS GLE: 31, 42)

Materials List: safety goggles, aprons, citric acid solution, baking soda, foam cup, thermometer, stirring rod, baby food jar, steel wool, vinegar, Exothermic and Endothermic Energy Diagrams BLM, Energy Diagram (with activation energy) BLM, probes and graphing calculators (if available), matches, match box, dominoes

Activate prior knowledge by asking students to define the terms endothermic (a change that absorbs heat), exothermic (a change that releases heat), activation energy (minimum energy needed to start a chemical reaction, abbreviated Ea; allows the activated complex to form), activated complex (an unstable combination of molecules in which bond breaking and new bond formation occur. The collision theory should be discussed prior to this activity. (Particles must collide in order for reactions to occur. The particles must collide with enough energy and with the correct orientation to break the bonds of the reactants [called an effective collision].) 

Provide copies of the Exothermic and Endothermic Energy Diagrams BLM for the students. Facilitate a discussion of the energy diagrams. 

Safety caution: Address all safety issues before beginning this activity. 
Complete instructions for this activity can be found at http://chemistry.about.com/cs/howtos/ht/endothermic.htm and http://chemistry.about.com/cs/howtos/ht/exothermic.htm.  

Endothermic reaction: Combine citric acid and baking soda and note the temperature change.

Exothermic reaction: Soak steel wool in vinegar and note the temperature change.

This would be a good activity to collect data with probes and graphing calculators, if available.

After the activities are done, refer the students back to the Exothermic and Endothermic Energy Diagrams BLM. Ask the students how the activities relate to the BLM. Exothermic reaction: heat was given off to the surroundings causing the temperature of the system to increase; the reactants had more energy than the products and the extra energy was given off; (H is negative 

Endothermic reaction: heat was absorbed from the surroundings causing the temperature of the system to decrease; the products have more energy than the reactants; (H is positive 
Next, the teacher should pass a match lightly over the striking surface so that the match does not ignite. Ask the students why the match did not light (didn’t strike it hard enough). Strike the match hard enough for it to light. Ask guiding questions about why the match did light (supplied enough energy to start the reaction-activation energy) and what energy changes occurred (light and heat were given off). 

Use different positions of a domino to illustrate the two energy states. When the domino is standing on one small end, it has the most potential energy (representing the unburned match). When it is lying flat, it has less potential energy (representing the burned match). Ask why the domino does not fall down spontaneously. The students will suggest that you need to tap the domino to make it fall. 

Line up several dominoes. Tapping too lightly rocks the domino but does not knock it over. Tapping the domino adds energy. A certain minimal amount of energy is needed; this corresponds to the activation energy. This additional energy can be shown on the graph as the “hump” of activation energy.

The endothermic reaction can also be illustrated with the domino. The domino can be moved from the flat position (lower potential energy) to the on-end position (higher potential energy) only by applying a continuous push or pull. 

Provide copies of the Energy Diagram (with activation energy) BLM for the students. Facilitate a discussion of the energy diagram. Relate the domino analogy to BLM. Conduct a class discussion to ensure that all students have the opportunity to understand the correct responses. 

	Assessment

· Given graphs, have the student determine if the reaction for the graphical data is exothermic or endothermic. Students will work additional problems and identify the reactions as exothermic or endothermic by interpreting the answers to the problems. 




***Activity 41:  Heat of Reaction (CC Activity 8)
(SI GLE: 7; PS GLE: 44)

Materials List: safety goggles, aprons, 0.5 M HC2H3O2, 0.5 M NaOH, flask, thermometer, foam cup, stirring rod, stopwatch or watch with second hand, problems for students to work from text or other teacher-provided resource

Safety caution: Address all safety issues before beginning this activity. 
The student groups are to place 50 mL of 0.5 M HC2H3O2 into a flask. Record the temperature of the acid. Add 50 mL of 0.5 M NaOH solution into a foam cup and record the temperature of the base. Pour the acid solution into the cup containing the NaOH solution and stir with a stirring rod. Record the temperature every 30 seconds until the highest reading has been reached and the temperature starts to drop. 

Instruct the students to

Write a balanced equation for the reaction. 


Calculate the

· change in temperature (Tf  - Ti)

· mass of the solutions (Assume 1mL of solution = 1g)

· heat gained by the solutions (J)

· number of moles of water produced

· heat of the reaction (
[image: image1.wmf]total heat
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)

A graphical interpretation of the experiment should be completed by each student.
Ask students where they use heat of reaction in their lives. They should be guided to mention heat and cold packs used for sports or by hunters.

Provide guided practice of heat of reaction problems followed by individual problem solving. 

**Activity 42:  Heat of Reaction for the Combustion of Mg (CC Activity 9)  

(SI GLEs: 10, 15; PS GLEs: 44)

Materials List: safety goggles, aprons, 1.0 M HCl, MgO, Mg ribbon, coffee cup calorimeter, thermometer, straw, problems for students to work from text or other teacher-provided resource

Safety caution: Address all safety issues before beginning this activity. 
The intent of this activity is to give students an appreciation of how simple multiple reactions can be added to give the energy change for a net reaction that is difficult to measure directly. They will also see an example of Hess’s law (the energy change for an overall reaction is equal to the energy changes for all steps of the reaction).  In this case, they will determine the energy released in kJ/mol of MgO formed from the elements. Be sure to address all safety issues associated with this activity.

Students will add 25 ml of 1.0 M HCl solution into a coffee cup calorimeter. A coffee cup calorimeter consists of a foam cup, with a thermometer and a straw (to be used as a stirrer) inserted through the lid, inside of another foam cup. After recording the initial temperature, they will add 0.25 of MgO to the HCl solution and carefully stir and record the highest temperature reached. They are to discard the solution and dry the cup. 

Students will again add 25 ml of 1.0 M HCl solution into the coffee cup calorimeter and add a 0.25 g sample of clean Mg ribbon. They are to record the temperature of the acid solution before and after the reaction. Be sure there are no open flames as H2 gas is produced in this reaction.

Guide students through the process of using the following reactions to write answers to the questions:

(1) Mg + ½ O2  →  MgO    

(2) MgO + 2 HCl → MgCl2 + H2O

(3) Mg + 2 HCl → MgCl2 + H2
(4) H2 + ½ O2 → H2O

This activity is a heat of combustion reaction demonstrating Hess’s Law. Hess’s Law states that the change in energy of the overall chemical reaction is equal to the energy changes for the individual steps of the reaction. 

Assume that 4.184 J of energy is needed to raise the temperature of one ml of solution one degree Celsius.

· Combine equations 2, 3, and 4 to obtain equation 1.

· Calculate the change in temperature for reactions 2 and 3.

· Calculate the energy released (in kJ) for each reaction.

· Calculate the energy in kJ/mol of MgO. 

· Use this information to calculate the heat of reaction 1 in kJ/mol of MgO.

· Compare your experimental result with the value given in a table of molar heats of formation. 

· Does your data support agree with the known value?

· Write a conclusion for the activity using the data in these steps. 

Provide guided practice of heat of combustion and Hess’s Law problems, followed by individual problem solving.
Sample Assessments

Assessment techniques should include use of drawings/illustrations/models, laboratory investigations with reports, laboratory practicals (problem-solving and performance-based assessments), group discussion and journaling (reflective assessment), and paper-and-pencil tests (traditional summative assessments). 

General Guidelines

· Students should be monitored throughout the work on all activities via teacher observation and journal entries. 

· All student-developed products should be evaluated as the unit continues.

· Student investigations should be evaluated with a rubric.

· When possible, students should assist in developing any rubrics that will be used.

· For some multiple-choice items on written tests, ask students to write a justification for their chosen response.

General Assessments

· The student will interpret phase change diagrams.

· The student will interpret chemical reaction diagrams and write equations.

· The student will interpret energy diagrams.

· The student will distinguish between exothermic and endothermic activation energy

· The student will balance redox equations using ½ reactions

· The student will predict products of given reactants, predict phases and write net ionic equations.

 Resources

· Chemistry Comes Alive!  Available online at http://jchemed.chem.wisc.edu/JCESoft/CCA/CCA3/MAIN/OSCRXBR/PAGE1.HTM
· Flinn Chemical and Biological Catalog/Reference Manual, 2004.

· http://www.flinnsci.com/Documents/demoPDFs/Chemistry/CF0255.01.pdf
· The Pink Catalyst. ChemFax, Flinn Scientific, Inc.

· Smile Program Chemistry Index. Available online at 

      http://www.iit.edu/~smile/cheminde.html
· Phase Diagrams explanations Available online at http://www.chemguide.co.uk/physical/phaseeqia/phasediags.html
· Endothermic and Exothermic Iinvestigations Available online at http://chemistry.about.com/cs/howtos/ht/endothermic.htm and http://chemistry.about.com/cs/howtos/ht/exothermic.htm.

· Coffee Cup Calorimetry  Available online at http://www2.hn.psu.edu/faculty/dmencer/calorimetry/Coffee1.htm
Name/School_________________________________Grade_______________________


Feedback Form

This form should be filled out as the unit is being taught and turned in to your teacher coach upon completion.
	Concern and/or Activity Number
	Changes needed*
	Justification for changes 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


* If you suggest an activity substitution, please attach a copy of the activity narrative formatted like the activities in the APCC (i.e. GLEs, guiding questions, etc.).
Chemistry-Unit 7-Predicting Products, Redox, Thermochemistry                                                           
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