Thermochemistry

Introduction

In this unit, we want to enhance students’ understanding of endo and exothermic reactions.  We will achieve this by having them relate the reactions to the temperature changes and the reactions to a potential energy profile diagram.  By using the Simulab, students will be able to watch the reactants changing into products and monitor the overall energy changes taking place, that are not observable in the wet lab.  

This topic can be used to for more advanced students for an in-depth exploration of heat, work, enthalpy, activation energy, and the use of catalysts in a reaction.  

Intended Audience

Our intended audience is standard chemistry students who are not currently pursuing science as a career path.  Chemistry honor-level students can also benefit from this unit if they can complete the “Further Challenges” sections of this curriculum.

This relates directly to the Massachusetts Science and Technology/Engineering Curriculum Framework in the following topics:

Recognize that heat is a form of energy and that temperature change results from adding or taking away heat from a system. 

Understand the mole concept in terms of number of particles and mass.  

Explain the relationships between temperature and average kinetics energy.

Describe the process by which solutes dissolve in solvents

Equilibrium and Kinetics:

Identify the factors that affect the rate of a chemical reaction (temperature) and the factors that can cause a shift in equilibrium (temperature).

Define the role of activation energy in a chemical reaction.   

Thermochemistry (Enthalpy)

Explain the relationship between energy transfer and disorder in the universe.

ChemCom Curriculum Objectives:

Explain endothermic and exothermic reactions in terms of bond breaking and bond forming.

Identify energy conversions and explain energy conversion efficiency.  

Write balanced equations for the combustion for hydrocarbon fuels, including energy changes.

Describe the relationship between the number of carbons and the heat of combustion.

Chemistry I Honor Level

Explain the relationship between chemical kinetics and reaction rates.

Explain the role of a catalyst in a chemical reaction and its effect on activation energy.

Combining with Simulabs, this curriculum will enhance the existing curriculum.  

Placement in the Curriculum
Students should have some understanding of energy and temperature and chemical reactions; however, this unit will help them to synthesize all the knowledge they have learned from previous science classes.  It is not a replacement of the traditional unit but an enhancement as stated below.  Simulabs will be inserted.  Students should have experience working a laboratory setting and have some basic understanding of computers.      

Adjustment/Adaptation
This curriculum provides a basic foundation for all students in differentiating between endo and exothermic reactions.  It also has an option for students who are at a more advanced level go explore more in-depth concepts such as heat, work, enthalpy, activation energy, and the use of catalysts in a reaction.  

Goals and Objective

Describe the process of dissolving an ionic compound. 

Differentiate between energy and temperature.

Relate the temperature change in an exothermic or endothermic reaction.

Draw an energy diagram for a chemical reaction (relationship between the potential of the reactants and products should be shown). 

Describe the effect of temperature (a measurement of kinetic energy) on the rate of a chemical reaction.

Explain the total energy of a reaction is the sum of the kinetic and potential energies.

Recognize there are conditions where equilibrium is established.

Differentiate the equilibrium in an endo and exothermic reaction.

Observe the activation energy is temperature dependent.

Advanced Level:

Define the term enthalpy

Differentiate between energy and enthalpy.

Describe from the microscopic point of view how work is transformed into heat.

Describe the relationship between the change in volume and work.

State the relationship between the change in internal energy and work

Explain the effect of a catalyst on the activation energy.

Test that the reaction rates obey the Arrhenius Law

Equilibrium constants?

Time

Total: Four 45-minute periods and 1 more period to do advanced work.

2 periods for introduction of the topic and wrapping up the activities (both the wet and dry labs).

1 period for the wet lab

1 period for the dry lab   

Assuming both LoggerPro and VMDL Universal software are installed on the hard drive, the teacher will need at most 30 minutes to set up and dismantle the laboratory.

To promote efficiencies, the teacher should monitor students’ learning during group activities, questioning and evaluating their understanding as they are performing both the wet and dry labs.  This will reduce the time of summarizing the concepts and allow students to teach one another, thus, making a student-centered learning environment.

The teacher can do follow-up activities applying the concepts of energy from a chemical reaction in the burning of hydrocarbons in the context of alternative fuel vehicles, such as methane, propane, biodiesel.      

Resources

Goggles

A couple hot packs and instant ice packs (usually can be purchased from convenience stores)

Balance

Spatula

Weighing Paper

Materials per Group

Sodium Hydroxide (s) (3 g)

Ammonium Chloride (s) (3 g)

1 50 mL Graduated Cylinder

Water

1 Small Styroform cup

1 250 mL Beaker

These are materials that can be commonly found in a high school laboraty.  In the cases that any of these materials that are not available, substitutions can be made with items found in local hardware stores.  

Electronic Equipment

For a group of 2 (preferred) or 3:
1 Computer with LoggerPro on the hard drive.

1 Temperature Probe and the Vernier Interface

1 Texas Instrument Graphing Calculator

1 Printer for the class if available.

Instructional Activities and On-Going Assessment

Period 1: Introduction (including lab instructions)

Begin the class by asking the students 1) what they think they know about energy and temperature and 2) what they want to know about.  Place student answers in a two-column table on the chalk board, transparency, or powerpoint (10 minutes):

	What You Think You Know
	What You Want to Know

	
	


Students break up into groups of 2 or 3.  The teacher can decide to assign groups or have students choose their own groups.  When they are in these smaller groups, students should further explain what they think they know, especially on the molecular level.  If any group appears to be struggling, give them a hot pack or instant ice pack to observe and challenge them to think about the interactions going on in the pack (hot or cold).  Each group can then submit a one-page summary of their discussion on the explanation of the effect of temperature and energy on the molecular level (20 minutes).  Note that not all groups will have very sophisticated answers, but accept all work.  This activity is to engage students and to encourage student interactions.  

As an on-going assessment, the teacher should read over each group summary and make comments on their writings to challenge them to think more.  The teacher can also assess the students on a 3 point scale (not to be given to the students) in his/her grade book by the following scale:  3 = where the teacher wants the students to be; 2 = the students are on the right track but need to do more; 1 = the students need a significant amount of guidance.    

During the last portion of this period, the teacher will give an overview of both the wet lab (Endothermic and Exothermic reactions) and the simulab (VMDL Universal).  However, the teacher will give them the wet lab handout and discuss any specifics.

Homework:  Read through the lab handout and write a pre-lab that includes a definition of endothermic and exothermic reactions and the role of energy in these reactions and make a prediction about how temperature is affected by an endo or exothermic reaction.  

Period 2: Endothermic and Exothermic Reactions Lab

Students should be ready to perform the experiment in groups of 2 or 3 (keep as the same group as day 1).  This is a period given for student exploration and for teacher to do on-going assessment as follows:

1. The teacher should check the pre-lab of each student.

2. As the teacher interacts with each lab group, he/she should engage the students in their homework responses and assess their comprehension of understanding of endo and exothermic reactions before the experiment.

3. During experiment, the teacher should reinforce in students that temperature is a measurement of energy.  In endothermic reactions, the temperature decreases and the energy is absorbed.  In exothermic reactions, the temperature increases and the energy is released.  Also emphasize the flow of energy in each chemical reaction (in or out of the reaction).

4. At the end period, the teacher can give a group assessment on a scale of 3 as day 1 – not to be know to the students.  

Period 3: VMDL Universal Reactions SimuLab

Period 4: Wrapping Up both the Endothermic and Exothermic Reactions Lab and SimuLabs – depending on the students’ understanding, it can be more teacher-centered or student-centered (the later is preferred but would depend on the students).

Assessment

On-going Assessment:

Written Assessment:

