I.
Grade Level/Unit Number:
9-12
Unit 11
II:
Unit Title:

Thermochemistry
III.
Unit Length:

 5 days (on a 90 min. per day block schedule)

IV. Major Learning Outcomes:

Students should be able to:

· Recognize that, for a closed system, energy is neither lost nor gained during normal chemical activity 
· Explain that the total useful energy of an open system is constantly declining due to entropy.  
· Define and use the terms and/or symbols for: enthalpy, entropy, specific heat capacity, temperature, joule, endothermic reactions, exothermic reactions, and catalyst.
· Interpret heating and cooling curves (noting both significance of plateaus and the physical states of each segment.
· Interpret energy vs reaction pathway diagrams for both positive and negative values of (H (including activation energy).
· Complete calculations of: q = mCp(T, q = mHf , q = mHv, and q lost  =  q gain  in water, including phase changes.
· Contrast heat and temperature, including temperature as a measure of average kinetic energy, and appropriately use the units Joule, Celsius, and Kelvin.
· Understand entropy as a measure of disorder.
· Recognize that the entropy of the universe is increasing.
· Explain that, along with a tendency for systems to proceed toward the lowest energy level, they also move in the direction of the greatest entropy. (Increasing entropy: solid ( liquid ( gas; Ionic compounds ( ions in solution)
· Describe physical equilibrium: liquid water-water vapor.  Vapor pressure depends on temperature and concentration of particles in solution.  (conceptual only – no calculations)
· Know that phase changes occur with changes in temperature and/or pressure.  Relate change of phase to heating and cooling curves.
V. Content Objectives Includes (with RBT Tags):

	Objective Number
	Objective
	RBT Tag

	2.08
	Assess the dynamics of physical equilibria. 

· Factors that affect phase changes.


	B4

	4.02


	Analyze the law of conservation of energy, energy transformation, and various forms of energy involved in chemical and physical processes. 

· Differentiate between heat and temperature.

· Analyze heating and cooling curves.

· Calorimetry, heat of fusion and heat of vaporization calculations.

· Endothermic and exothermic processes including interpretation of potential energy.

· Diagrams (energy vs reaction pathway), enthalpy and activation energy.


	B4

	4.03


	Analyze the relationship between entropy and disorder in the universe.  
	B4


VI. English Language Development Objectives (ELD) Included:

NC English Language Proficiency (ELP) Standard 4 (2008) for Limited English Proficiency Students (LEP)- English Language learners communicate information, ideas, and concepts necessary for academic success in the content area of science.
Suggestions for modified instruction and scaffolding for LEP students and/or students who need additional support are embedded in the unit plan and/or are added at the end of the corresponding section of the lessons. The amount of scaffolding needed will depend on the level of English proficiency of each LEP student. Therefore, novice level students will need more support with the language needed to understand and demonstrate the acquisition of concepts than intermediate or advanced students.

VII. Materials/Equipment Needed:
	Activity
	Materials

	Demo: Enthalpy: Endothermic & Exothermic Reactions
	Zinc metal
3M HCl

Solid sodium hydrogen carbonate

1M Acetic acid (or vinegar)
Safety goggles

	Heat vs. Temperature
	Per lab group:

2 Styrofoam cups

5 nuts & 5 bolts

Large beaker

Hot plate

Tongs 
Safety goggles

	Lab: Heat Lost = Heat Gained

	Balances

Hot plates

Various metal cylinders

Beakers

Tongs

Styrofoam cups (coffee cup calorimeters)
Thermometers or temperature probes

Safety goggles

	Lab: Hot water Cold Water
	Hot plates

Ice water

Tongs

Thermometers or temperature probes

Graph paper

Safety goggles


VIII. Detailed Content Description:

Please see the detailed content description for each objective in the chemistry support document.  The link to this downloadable document is in the Chemistry Standard Course of Study at:

http://www.ncpublicschools.org/curriculum/science/scos/2004/24chemistry
IX. Unit Notes:

This unit is focused on the understanding various forms of energy and how energy is used to chemical and physical processes.  Students will learn about the relationship between heat and temperature, analyze heating and cooling curves, and perform calorimetry calculations.  They will distinguish between endothermic and exothermic processes and interpret potential energy diagrams.
In each unit, Goal 1 objectives which relate to the process of scientific investigation are included.   In each of the units, students will be practicing the processes of science: observing, hypothesizing, collecting data, analyzing, and concluding.   The Goal 1 Objectives are as follows:

	COMPETENCY GOAL 1: The learner will develop abilities necessary to do and understand scientific inquiry.

	1.01 Design, conduct and analyze investigations to answer questions related to chemistry.

· Identify questions and suggest hypotheses.

· Identify variables.

· Use a control when appropriate.

· Select and use appropriate measurement tools.

· Collect and organize data in tables, charts and graphs.

· Analyze and interpret data.

· Explain observations.

· Make inferences and predictions.

· Explain the relationship between evidence and explanation.

· Identify how scientists share findings.


	This goal and these objectives are an integral part of each of the other goals.  In order to measure and investigate scientific phenomena, students must be given the opportunity to design and conduct their own investigations in a safe laboratory.  The students should use questions and models to formulate the relationship identified in their investigations and then report and share those finding with others

Students will be able to:

· Identify questions and suggest hypotheses.

· Identify variables.

· Use a control when appropriate.

· Select and use appropriate measurement tools.

· Collect and organize data in tables, charts and graphs.

· Analyze and interpret data.

· Explain observations.

· Make inferences and predictions.

· Use questions and models to determine the relationships between variables in investigations.

· Identify how scientists share findings.



If a teacher follows this curriculum (s)he will have addressed the goals and objectives of the SCOS.   However, teachers may want to substitute other activities that teach the same concept.  The unit length has extra time built in for quizzes, going over homework, additional practice depending on the nature of the class, and assessment.  Teachers should utilize the textbook as a resource by assigning homework each day and providing additional guided and independent practice.  

Reference Tables:

The North Carolina Chemistry Reference Tables were developed to provide essential information that should be used on a regular basis by students, therefore eliminating the need for memorization.  It is suggested that a copy be provided to each student on the first day of instruction.  A copy of the reference tables can be downloaded at the following URL:

http://www.ncpublicschools.org/docs/curriculum/science/scos/2004/chemistry/referencetables.pdf
Essential Questions:

Essential questions for this unit are embedded within the unit.  Essential questions are those questions that lead to student understanding.   Students should be able to answer these questions at the end of an activity.  Teachers are advised to put these questions up in a prominent place in the classroom.  The questions can be answered in a journal format as a closure.

Safety:  Students should wear chemical splash goggles during any lab activity involving chemicals.  This includes household substances.  It is extremely important for the safety and success of your students that you do ALL activities and labs prior to assigning them to students.  At the beginning of each lab, the teacher should address any specific safety concerns relating to the activity.
Computer Based Activities:

Several of the recommended activities are computer based and require students to visit various internet sites and view animations of various biological processes.  These animations require various players and plug-ins which may or may not already be installed on your computers.  Additionally some districts have firewalls that block downloading these types of files.  Before assigning these activities to students it is essential for the teacher to try them on the computers that the students will use and to consult with the technology or media specialist if there are issues.  These animations also have sound.  Teachers may wish to provide headphones if possible.  

X. Global Content:  Aligned with 21st Skills:
One of the goals of the unit plans is to provide strategies that will enable educators to develop the 21st Century skills for their students. As much as students need to master the NCSOS goals and objectives, they need to master the skills that develop problem solving strategies, as well as the creativity and innovative thinking skills that have become critical in today’s increasingly interconnected workforce and society.  The Partnership for 21st Century Skills website is provided below for more information about the skills and resources related to the 21st Century classroom. 

http://www.21stcenturyskills.org/index.php?option=com_content&task=view&id=27&Itemid=120
	NC SCS Chemistry
	21st Century Skills 
	Activity

	
	Communication Skills
	

	1.01 - 1.03 & 4.02
	Conveying thought or opinions effectively
	· Heat vs Temperature
· Heat Problems

· Heat Lost = Heat Gained Problems

· Heat Lost = Heat Gained Lab

· Hot Water Cold Water Lab

· Phase Change Problems

· Interpreting Phase Diagrams

· Interpreting Potential Energy Diagrams

	1.01 - 1.03
	When presenting information, distinguishing between relevant and irrelevant information
	

	1.01- 1.03, 4.02 & 4.03 
	Explaining a concept to others
	· Heat vs Temperature

· Heat Problems

· Heat Lost = Heat Gained Problems

· Heat Lost = Heat Gained Lab

· Hot Water Cold Water Lab

· Phase Change Problems

· Interpreting Phase Diagrams

· Interpreting Potential Energy Diagrams

	
	Interviewing others or being interviewed
	

	
	Computer Knowledge
	

	1.01 – 1.03
	Using word-processing and database programs
	

	1.01 – 1.03
	Developing visual aides for presentations
	

	1.01 – 1.03
	Using a computer for communication
	

	
	Learning new software programs
	

	
	Employability Skills
	

	1.01 - 1.03, 2.08 & 4.02
	Assuming responsibility for own learning
	· Heat vs Temperature

· Heat Lost = Heat Gained Lab

· Hot Water Cold Water Lab



	1.01 - 1.03
2.08, 4.02 & 4.03
	Persisting until job is completed
	All activities

	1.01 - 1.03, 2.08, 4.02 & 4.03
	Working independently
	· Heat Problems

· Heat Lost = Heat Gained Problems

· Phase Change Problems

· Interpreting Phase Diagrams

· Interpreting Potential Energy Diagrams

	
	Developing career interest/goals
	

	1.01 – 1.03
	Responding to criticism or questions
	

	
	Information-retrieval Skills
	

	
	Searching for information via the computer
	

	
	Searching for print information
	

	
	Searching for information using community members
	

	
	Language Skills - Reading
	

	2.08, 4.02 & 4.03
	Following written directions
	Most of the activities can be presented as opportunities for students to follow written directions.  The teacher will have to work with most students to develop this skill over time.  The following activities are well suited to developing skills in following directions:

· Heat vs Temperature

· Heat Lost = Heat Gained Lab

· Hot Water Cold Water Lab



	2.08, 4.02 & 4.03
	Identifying cause and effect relationships
	· Heat vs Temperature

· Heat Lost = Heat Gained Lab

· Hot Water Cold Water Lab



	
	Summarizing main points after reading
	

	
	Locating and choosing appropriate reference materials
	

	
	Reading for personal learning
	

	
	Language Skill - Writing
	

	
	Using language accurately
	

	1.01 – 1.03, 2.08, 4.02 & 4.03
	Organizing and relating ideas when writing
	· Heat vs Temperature

· Heat Lost = Heat Gained Lab

· Hot Water Cold Water Lab



	1.01 – 1.03, 2.08, 4.02 & 4.03
	Proofing and Editing
	All activities

	
	Synthesizing information from several sources
	

	
	Documenting sources
	

	
	Developing an outline
	

	1.03
	Writing to persuade or justify a position
	

	
	Creating memos, letters, other forms of correspondence
	

	
	Teamwork
	

	1.01 – 1.03
	Taking initiative
	

	1.01 – 1.03, 2.08, 4.02 & 4.03
	Working on a team
	· Heat vs Temperature

· Heat Lost = Heat Gained Lab

· Hot Water Cold Water Lab



	
	Thinking/Problem-Solving Skills
	

	
	Identifying key problems or questions
	

	1.01 – 1.03, 2.08, 4.02 & 4.03
	Evaluating results
	· Heat vs Temperature

· Heat Lost = Heat Gained Lab

· Hot Water Cold Water Lab



	
	Developing strategies to address problems
	

	
	Developing an action plan or timeline
	


ENGAGE:  (10 minutes)
Enthalpy: Endothermic & Exothermic Reactions 
· The teacher will ENGAGE the students by introducing the terms enthalpy (ΔH), endothermic, and exothermic.

· Demo a reaction that is exothermic (Zn + 2HCl ( ZnCl2  +  H2) and a reaction that is endothermic (NaHCO3  +  HC2H3O2  (  Na C2H3O2  +  CO2  +  H2O).

· Explain & illustrate that ΔH is negative for an exothermic reaction and positive for an endothermic reaction.

Zn + 2HCl ( ZnCl2  +  H2  + heat           ΔH = negative 

Heat + NaHCO3  +  HC2H3O2  (  Na C2H3O2  +  CO2  +  H2O

                                                                     ΔH = positive
Essential Question:

How can one determine if the enthalpy change in a chemical reaction is endothermic or exothermic?
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EXPLORE: (30 min.)
In the Heat vs. Temperature activity, students will EXPLORE the relationship between the mass of an object and the amount of heat transferred by the object.

· Before beginning the activity, have students read the procedure and then make a table which they will use to record their data. 

· Students may work in cooperative groups to collect their data.

· After students have finished collecting their data and answering the conclusion questions, have a class discussion about the relationship between mass and the quantity of heat transferred.

Comparing Heat and Temperature

Procedure

1. Fill 2 Styrofoam cups with 50 ml of water at room temperature. Using a thermometer measure the temperature of the water.

2. Take 5 bolts of the same size and 5 nuts of the same size and place them in a large container.

3. Cover the bolts with water and heat the container on a hot plate. Let the water reach the boiling point and continue to boil the bolts for 5 minutes.

4. Using tongs take nuts and place them in the first Styrofoam cup. Measure the temperature change that occurs in the cup.

5. Now take the bolts and place them in the second cup. What temperature change occurs in this cup?

Conclusion Questions
1. When the bolts are placed in the boiling water what is their temperature?

2. What factor is different between the nuts and bolts?

3. What caused the temperature to rise in each coffee cup?

4. Which coffee cup showed a greater rise in temperature? 

5. If the bolts and nuts are at the same temperature when in the boiling water, why is the increase in temperature not the same in both coffee cups?

6. Complete this sentence: The same type of substance at the same temperature will transfer different amounts of heat if they have different ________________.
EXPLAIN:

Have students present their answers to the Conclusion Questions to the class.  Instruct them to explain their reasoning.

Essential Question:

What is the relationship between the mass of an object and temperature change?
ELABORATE:  

Factors that Determine Heat Flow (30 minutes)

· The teacher will begin the discussion with the following question: Which object contains the most heat, a boiling pot of water or a gigantic? 

· The teacher will use the activity Comparing Heat and Temperature  and the class discussion to:
· distinguish between heat and temperature: Heat – the energy that flows from hot to cold; Temperature – measure of average kinetic energy.

· guide students in arriving at the 3 factors that determine quantity of heat flow.

· mass – m

· change in temperature – ΔT

· specific heat - Cp (define )

· Write heat equation 

· q = m Cp ΔT

· Show students where this equation is in Reference Tables.

· Model for students how to use the equation to solve problems.

1. How much heat is lost when a solid aluminum ingot with a mass of 4110 g cools from 660oC to 25oC? (Cp for Al = 0.9025 J/goC)

2. If 7.5 x 104J of energy are released when 500 g of a metal cools from 100.0oC to 20.0oC, what is the specific heat of the metal?

Essential Question:

What factors determine the quantity of heat that can be absorbed or released by an object?
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EVALUATE:  (20 minutes)
The Heat Problems activity will allow students to elaborate on their understanding of heat calculations with guided and independent practice. After students have completed these problems, the teacher will evaluate students’ understanding by going over the problems with the students.

Heat Problems

1. A 0.400- kg block of iron is heated from 22oC to 52 oC.  How much heat had to be transferred to the iron?

2. How much heat is absorbed by 60.0 g of copper when its temperature is raised from 20 oC to 80 oC?

3. How much heat is released when 50.0 g of water cools from 83.0 oC to 4.5 oC?

4. What is the specific heat of a 124 g sample of brass if 3.94 x 103 J raises the temperature of the brass from 12.5 oC to 97.0?

5. 2.8 x 105 J of thermal energy are added to a sample of water and its temperature changes from 20 oC to 35 oC.  What is the mass of the water?

6. If 350 J of heat energy are added to 100 g of a metal and the temperature changes by 25 oC, what is the specific heat of the metal?  What is the identity of the metal?

7. 390 J of energy are added to a sample of lead and the temperature of the lead increases from 30 oC to 70 oC.  What is the mass of the lead?

8.  Calculate the heat required to raise 50 g of silver by 30oC.

9. 1000J of heat increases a sample of water by 15 oC.  What is the mass of the water?

10. 10g of an unknown metal requires 39J of energy to increase its temperature from 50 oC to 60 oC.  What is the specific heat of the metal?  Identify the metal.

This website provides additional practice for heat calculations
http://www.fordhamprep.org/gcurran/sho/sho/lessons/lesson210.htm
ELABORATE: (30 minutes)
Heat Lost equals Heat Gained 
· Begin a class discussion with the questions:
· What will happen if a hot object is place in a container of cold water?
· When will heat stop flowing?
· Explain that the lost by and object is equal to the heat gained by another.  Remind students that heat flows from hot to cold.

· Derive heat lost = heat gained equation.

· Emphasize that ΔT must always be positive.

· Explain to students how to use the equation to solve problems.

A piece of iron with a mass of 21.5 g at a temperature of 100.0oC is dropped into an insulated container or water.  The mass of the water is 132g and its temperature before adding the iron is 20.0 oC.  If the final temperature of the system is 21.4 oC, what is the specific heat of the iron?

Follow up with lab: Heat lost = Heat gained or the Interactive Lab

· http://mutuslab.cs.uwindsor.ca/schurko/animations/heatcapacitymetals/heat_metal.htm
Essential Question: How does one determine the quantity of heat that flows from one object to another?
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EVALUATE: (15 minutes)
Heat Lost = Heat Gained 

· This activity will allow students to elaborate on their understanding of heat lost equals heat gained calculations with guided and independent practice.

· After students have completed these problems, the teacher will evaluate students’ understanding by going over the problems with the students.

Heat Lost = Heat Gained

1. When 80.0 grams of a certain metal at 90.0 °C was mixed with 100.0 grams of water at 30.0 °C, the final equilibrium temperature of the mixture was 36.0 °C. What is the specific heat of the metal? 

2. Calculate the specific heat of a metal if a 55.0 g sample of an unknown metal at 99.0 °C causes a 1.7 °C temperature rise when added to 225.0 g of water at 22.0 °C. 

3. A piece of an unknown metal with mass 23.8 g is heated to 100.0ºC and dropped into 50.0 cm3 of water at 24.0ºC. The final temperature of the system is 32.5ºC. What is the specific heat of the metal?

4. A blacksmith heated an iron bar to 1445ºC. The blacksmith then tempered the metal by dropping it into 42,800 cm3 of water that had a temperature of 22ºC. The final temperature of the system was 45ºC. What was the mass of the bar? Note: Specific heat of iron is 0.4494 J/g·Cº.
This website provides additional practice for heat calculations.

· http://www.iit.edu/~smart/stonmar1/lessonC.htm
ELABORATE: (60 minutes)
Inquiry Lab: Heat lost = Heat Gained 

· In this activity, students will elaborate on their understanding of heat lost equals heat gained as they develop a procedure to determine the specific heat of a metal. 

· Ample time should be spent with the pre-lab preparations. The teacher may need to guide students as they develop their procedures.

The Specific Heat of a Metal

Pre-Lab Preparations

1. Describe the 3 factors on which heat depends.

2. a. Define specific heat. 

b. What are the units for specific heat?

c. What is the specific heat for water?

3. Aluminum has a specific heat of 0.903 J/goC.  Tin has a specific heat of 0.222 J/goC. If you were to design and assemble a container to heat water, which metal, aluminum or tin, would you choose?  Explain your reasoning.

4. a. If a hot object is placed in cold water, in which direction will heat flow?

b. When will heat stop flowing?

5. Describe the relationship between the heat lost by and object and the heat gained by another object if they are placed in the same container.

6. Write the equation for determining heat lost & heat gained.

7. For the following problem, organize the data in a table.

A 28.2-g sample of a metal was heated in boiling water for 10 minutes.  The temperature of the water while boiling was measured and determined to be 99.8oC.  150.0g of water was placed into a coffee-cup calorimeter and the water’s temperature was measured to be 23.5oC.  The hot metal was then quickly transferred from the boiling water to the coffee-cup calorimeter containing the water.  The temperature was monitored and the highest temperature recorded was 25.0oC (the final temperature of the system). 

8. What is the specific heat of the metal?

Investigation

In this investigation you will:

1. Design an experiment in which you will determine the specific heat of a metal.

2. Prepare a table in which you will record all data.

3. Use the data you collect to calculate the specific heat of the metal.

4. Compare your experimental specific heat with the theoretical specific heat by calculate the % error. 

EXPLAIN:

Have students present their answers to the Conclusion Questions to the class.  Instruct them to explain their reasoning.

 Essential Question: How do you determine the specific heat of an unknown metal?
EXPLORE: (30 minutes)
States of Matter & Phase Changes 

· In this activity students will explore the three states of matter.
· As students watch animations of particles in the solid, liquid and gas state have them compare the properties of solids, liquids and gases by completing the table the following table.

Comparing Properties of Solids, Liquids and Gases

	
	Distance between particles
	Attractive forces among particles
	Kinetic energy of particles

	Solids


	
	
	

	Liquids


	
	
	

	Gases


	
	
	


Animations:

Solid: http://www.dlt.ncssm.edu/TIGER/Flash/phase/KineticEnergy-Solid.html
Liquid: http://www.dlt.ncssm.edu/TIGER/Flash/phase/KineticEnergy-Liquid.html
Gas: http://www.dlt.ncssm.edu/TIGER/Flash/phase/KineticEnergy-Gas.html
Essential Question:

How do solids, liquids and gases differ from one another/

ELABORATE: (30 minutes)
Changes in States of Matter 

· In this activity the teacher will introduce changes in states of matter and related vocabulary.

· Whenever a change of state occurs energy is either absorbed or released 

· An exothermic process 

· An endothermic process 

· Define the following phase changes and indicate if the process absorbs heat or releases heat.

· Freezing

· Melting

· Boiling

· Evaporation

· Condensation

· Sublimation

· Introduce entropy.  
· Revisit the phase changes above and discuss whether the entropy is increasing or decreasing for each. 

EXPLAIN:

Have students complete the table Phase Changes, Energy Flow and Entropy and present their answers to the class.  Instruct them to explain their reasoning.

Phase Changes, Energy Flow and Entropy

	Process
	Name of phase change
	Energy flow

Exothermic or Endothermic
	Entropy

Increasing or Decreasing

	solid (liquid
	
	
	

	liquid ( solid
	
	
	

	liquid ( gas
	
	
	

	gas ( liquid
	
	
	

	solid ( gas
	
	
	

	gas ( solid
	
	
	


Theses websites can be sued to supplement the discussion.

Phase Change Animation: http://www.harcourtschool.com/activity/states_of_matter/
Potential Energy Diagram: http://www.dlt.ncssm.edu/TIGER/diagrams/phase/EnergyChange_and_Phases.gif
Essential Question:

What heat changes occur when a substance changes from a solid to a liquid to a gas?

EXPLORE: (45 minutes)
Hot Water Cold Water 
· In this activity students will EXPLORE the phase changes of water as they form hypotheses for the following questions then collect experimental data to test their hypotheses:

· How cold does ice water get?

· How hot does boiling water get?

· Rather than students recording actual time, have them record time intervals.  If students have a lot of data, the teacher may have to advise them to graph every other data point between the first and last 2 minutes of the activity. 

· Explain to the students that if they did a good job with their data collection and graphing, they should have three distinct regions or patterns of data points on their graph.  

· Students should not play “dot-to-dot” with their data points, but rather draw best-fit lines through the points in the three distinct regions on their graph.
Essential Questions:

How cold does ice water get? How hot does boiling water get?
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Hot Water Cold Water

Pre-lab Preparations

1. Form a hypothesis for each of the following questions.  Your hypotheses must include a statement that explains/supports your reasoning.

       Question #1: How cold does ice water get?  
       _______________________________________________________________
 Question #2: How hot does boiling water get? 
 ________________________________________________________________
2. Read the entire procedure below.  Prepare a data table to record temperature every 30 seconds.  The columns and/or rows of your data table must be properly labeled including units.

3. Time is the dependent/independent variable? _____________ 

Temperature is the dependent/independent variable? ____________ 

Procedure

1. Fill a 250-mL beaker half full with ice water.

2. While stirring constantly with a glass stirring rod, record the temperature of the ice-water mixture every 30 seconds for 2 minutes.

3. Place the beaker containing the ice-water mixture on a hot plate.  Turn the hot plate to medium heat.  Continue to record the temperature of the ice-water mixture every 30 seconds. 

4. After all of the ice has disappeared, turn the hotplate to high heat and continue to record the temperature every 30 seconds. 

5. Once the water boils, continue to record the temperature for another 2 minutes.

6. When you have completed collecting your temperature-time data, turn the hotplate off and carefully remove the beaker from the hotplate.

Analysis

1. Plot the data you collected on graph paper.  The independent variable is plotted on the x-axis and the dependent variable is plotted on the y-axis.  If you have too much data to plot clearly on the graph paper, you may plot every other data point between the first and last 2 minutes of data.  If plotted correctly, there should be 3 distinct segments on your graph.
2. Indicate on your graph the segments in which two phases of water are present. (Hint: There should be 2.)

3. What phase change is taking place during the first 2 minutes of the activity? ______________________

4. What phase change is taking place during the last 2 minutes of the activity? _______________________

5. What does your graph indicate is happening to the temperature during a phase change? _________________________________

6. How many phases are present when the temperature of the water is changing most rapidly? ______________________________

7. Does your data support your hypothesis to questions #1? Explain __________________________________________________________________

___________________________________________________________________

8. Does your data support your hypothesis to questions #2? Explain ___________________________________________________

___________________________________________________________________

EXPLAIN:

Have students present their answers to the Analysis Questions to the class.  Instruct them to explain their reasoning.

Essential Questions:

How cold does ice water get? How hot does boiling water get?

ELABORATE: (45 minutes)
Phase Changes and Heating Curves 

· Begin with discussion of students’ graphs from the Hot Water Cold Water activity.  explain that when temperature is not changing that there are 2 phases of matter present or a phase change is taking place and that when the temperature is changing the substance is in a single phase.

· Present the five-step heating curve, relating each step to the proper heat equation.

· Indicate to students that these equations and the Cp, Hf, and Hv values are on their Chemistry Reference tables.

· Model for students how to use the heating curve and the equations to calculate the heat required to make phase changes.

· How much energy is required to change 34.3 g of ice at 0oC to liquid water at 0oC?

· How much energy is released when 10.0 g of steam at 100oC are condensed to liquid water at 100oC?

· How much heat is required to increase the temperature of water from 25.0oC to 60.00C?

· How much energy is absorbed by ice to increase the temperature from -10.0oC to -2.0o?

Phase Changes & Heating Curves
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1. Q = mΔTCp(solid)
2. Q = mHf
3. Q = mΔTCp(liquid)
4. Q = mHv
5. Q = mΔTCp(gas)
Using your Reference Tables, list the values for the following variables:

Cp(solid)

Cp(liquid)

Cp(gas)

Hf

Hv

This animation may be used to supplement the discussion:

http://www.chm.davidson.edu/ChemistryApplets/PhaseChanges/HeatingCurve.html
Essential Question:

How much energy is absorbed or released when water changes phase or when the temperature of ice, water or steam is increased or decreased?
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EVALUATE: (20 minutes)
Phase Changes 

· This activity will allow students to elaborate on their understanding of phase changes and heating curves calculations with guided and independent practice.

· After students have completed these problems, the teacher will evaluate students’ understanding by going over the problems with the students.

Practice Problems

Heat and Phase Changes

1. How much heat is required to raise the temperature of 789 g of ethanol from 25oC to 70oC?

2. How much heat is released when 432 g of water cools from 71oC to 18oC?

3. How many joules of heat are given off when 5.9 g of water cool from 75oC to 25oC?

4. How many joules does it take to melt 35 g of ice at 0oC?

5. How much heat is released when 85 g of steam condense to liquid water?

6. How much heat is necessary to raise the temperature of 25 g of water from 10 oC to 60 oC?

7. How much heat is given off when 50 g of water at 0oC freezes?

The websites below provides additional practice for phase change calculations

http://www.galaxynet.com/~corvid/psc/psca_phase_change_worksht.htm
http://misterguch.brinkster.net/001_025.doc
ELABORATE: (15 minutes)
Phase Diagrams 

· The teacher will explain phase diagrams and how to interpret the diagrams
· A phase diagram is a graphical way to depict the effects of pressure and temperature on the phase of a substance. 

· Identify and define phase regions, triple point, points where to phases are in equilibrium with one another, normal melting/freezing point and normal boiling point.

· Compare the phase diagrams of water and carbon dioxide
Phase Diagrams
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Essential Question:
What information does a phase diagram supply?
EVALUATE: (20 minutes)
Phase Diagram Questions 

· This activity will allow students to elaborate on their understanding of phase diagrams with guided and independent practice.

· After students have completed these problems, the teacher will evaluate students’ understanding by going over the problems with the students.

Phase Diagrams.  Use the phase diagram for water below to answer the following questions.
1. What is the state of water at 2 atm and 50( 


2. What phase change will occur if the temperature is lowered from 80(C to -5(C at 1 atm?



3. You have ice at -10(C and 1 atm.  What could you do in order cause the ice to sublime?




These websites provides additional practice for interpreting phase diagrams.

http://misterguch.brinkster.net/PRA032.doc
http://www.nisd.net/communicationsarts/pages/chem/docs/statechange_ws.doc
ELABORATE: (30 minutes)
Potential Energy Diagrams 

· Begin with a review of the terms exothermic and endothermic reactions. 
· Use the following website to supplement the review 

· http://www.dlt.ncssm.edu/TIGER/chem5.htm
· The teacher will explain potential energy diagrams  by drawing and labeling diagrams for both exothermic and endothermic reactions emphasizing the following:

· Define 

· activated complex, energy of activation, and enthalpy (ΔH)

· Exothermic – ΔH is negative

· Endothermic - ΔH is positive

· Define catalyst and draw a potential energy diagram in which a catalyst has been added.

Potential Energy Diagrams


http://www.saskschools.ca/curr_content/chem30_05/graphics/2_graphics/exo.gif

http://www.saskschools.ca/curr_content/chem30_05/graphics/2_graphics/endo.gif

http://www.bbc.co.uk/schools/gcsebitesize/chemistry/chemicalreactions/2energychangesrev3.shtml
Web-based animations:

http://www.dlt.ncssm.edu/core/Chapter15-Kinetics/Chapter15-Animations/Catalyst_1.html
http://www.dlt.ncssm.edu/core/Chapter15-Kinetics/Chapter15-Animations/enzyme.html 
http://www.saskschools.ca/curr_content/chem30/modules/module4/lesson4/potentialenergydiagram.htm
Essential Question:

What information does a potential energy diagram tell one about a chemical reaction?

EVALUATE: (20 minutes)
Web-based Assessments: Interpreting potential energy diagrams 

· This activity will allow students to elaborate on their understanding of potential energy diagrams with guided and independent practice.

· After students have completed these problems, the teacher will evaluate students’ understanding by going over the problems with the students.

Web-based Assessments:

http://www.saskschools.ca/curr_content/chem30/modules/module4/lesson4/ass3pe.html
http://www.algebralab.org/practice/practice.aspx?file=Reading_PotentialEnergyDiagrams.xml
http://www.coolschool.ca/lor/CH12/unit1/U01L03.htm
http://www.chemcool.com/regents/kineticsequilibrium/aim4.htm
http://www.saskschools.ca/curr_content/chem30_05/2_kinetics/practice/q3_2.htm
ELABORATE: (30 minutes)
Vapor Pressure
Essential Question: 
What affect does temperature and concentration of particles in solution have on the vapor pressure of a liquid? 
Begin a class discussion with the following scenario:

Imagine a closed box of several liters in size. It has rigid walls and is totally empty of all substances. 

Some liquid is injected into the box, but the box is not full of liquid. What will happen to the liquid? 

· Some, maybe all, of the liquid will evaporate into gas, filling the empty space. If all the liquid evaporates, one has just a box of gas. If only some of the liquid evaporates, there will be both the liquid state and the gas state present in the box. 

· The gas that is above the liquid is called its vapor and it creates a pressure called vapor pressure. 

· Emphasize this point: For vapor pressure to exist, the vapor (gas phase) MUST be in physical contact with the liquid (or solid) it came from. You CAN'T have vapor pressure without two phases being present and in contact. 

· Show one of vapor pressure animations located in the resource column.

· Explain that the presence of a nonvolatile solute will lower the vapor pressure of the liquid.

Vapor Pressure of a Liquid
 Vapor pressure is the pressure exerted by a liquid in equilibrium with its pure liquid phase at a given temperature.



http://www.chem.purdue.edu/gchelp/solutions/colligv.html
These animations may be sued to supplement the discussion

Vapor Pressure Animations:

http://www.chem.purdue.edu/gchelp/liquids/vpress.html
http://www.chm.davidson.edu/ronutt/che115/Phase/Phase.htm
http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/vaporv3.swf
EVALUATE:

Sample Assessment Questions:

	Unit
	Goal/ RBT Tag
	Questions

	11
	4.02
B4

C3
	1.  Calculate the heat released when 15.0 g of liquid water at 0.0oC is converted to ice at 0.00C. 

A.  6.3 x 102 J

B.  3.1 x 102 J

C.  5.0 x 103 J

D.  5.2 x 103 J

2.  It requires 45.6 J of energy to raise the temperature of 4.70 g of an unknown metal 25.0oC.  Identify the metal.

A.  zinc

B.   copper
C.   iron

D.   aluminum

	11
	4.03

B4
	1. In which process is the entropy of the system decreasing?

A. sublimation

B. condensation

C. melting

D. vaporization

2. AB(s) +  C2(l)   (  AC(g)  +  BC(g)
Which statement is true about this reaction?

A. the entropy of the system decreases

B. the entropy of the system remains unchanged

C. the entropy of the products is higher than that of the reactants

            D. the entropy of the system cannot be predicted

	11
	2.08
B4


	1. Activation energy is

A. the energy required to form the activated complex.

B. the heat of reaction.

C. the net energy required to turn reactants into products.

D. free energy.

2. Which of the following is true in an exothermic reaction?

A. energy of products < activation energy < energy of reactants

B. energy of reactants < activation energy < energy of products 

C. energy of products < energy of reactants < activation energy 

      D. energy of reactants < energy of products < activation energy


EVALUATE: (45 minutes)

Below are sample test items obtained from the WIZARD test bank developed by eduware™ that can be used to allow students to assess their understanding and abilities and allow the teacher to evaluate the students understanding of key concepts and skill development for this unit.
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Thermochemistry

1. The average kinetic energy of water molecules is
greatest in which of these samples?

(A) 10gofwaterat35°C (C) 100 g of water at 25°C
(B) 10 g of waterat55°C (D) 100 g of water at 45°C

2. Given the balanced equation representing a reaction:
CH,(g) + 20,(g) — 2H,0(g) + CO,(g) + heat

Which statement is true about energy in this reaction?

(A) The reaction is exothermic because it releases heat.

(B) The reaction is exothermic because it absorbs heat.

(C) The reaction is endothermic because it releases
heat. '

(D) The reaction is endothermic because it absorbs heat.

3. When ammonium chioride crystals are dissolved

in water, the temperature of the water decreases. What |

does this temperature change indicate about the

dissolving of ammonium chloride in water?

(A) ltis an endothermic reaction because it absorbs heat

(B) itis an endothermic reaction because it releases
heat.

(C} ltis an exothermic reaction because it absorbs heat.

(D) Iltis an exothermic reaction because it releases heat.

4. As the temperature of a substance decreases, the
average kinetic energy of its particles

(A) decreases (C) remains the same
(B) increases

5. When 200 grams of water cools from 50.°C to 25°C, the
total amount of heat energy released by the water is

(A) 421 (C) 34J
(B) 21kl D) 174

6. How many Joules of heat energy are released when 50.
grams of water are cooled from 70.°C to 60.°C?

(A) 42 (C) 2100J
(B) 2104 (D) 4200J

7. A sample of water is heated from 10.0°C to 15.0°C by the
addition of 126 Joules of heat, What is the mass of the
water?

(A) 5009
(B) 6.00g

() 3009
(D) 1500

8.

10.

1.

12.

13.

When 420 Joules of heat energy is added to 10. grams of
water at 20.°C, the final temperature of the water will be

() 10°C (C) 40°C
(8) 30°C (D) 100°C

What is the total number of kiloJoules of heat energy
absorbed when the temperature of 200 grams of water is
raised from 10°C to 40°C?

(A) 0.126 kJ
(B) 0.840kJ

(C) 252k
(D) 336kl

The potential energy diagram below represents a
reaction.

Potential Energy

Reaction Coordinate

Which arrow represents the activation energy of the
forward reaction?

(A) A
(B) B

© c
(oD

How much energy is required to vaporize 10.00 grams of
water at its boiling point?

(A) 226k
(B) 334k

() 42K
(D) 226kl

Approximately how many Joules of heat are needed to
completely change 10.0 grams of ice to water at the
melting point temperature?
(A) 1.004J

(B) 3344

(C) 3344
(D) 3,340 4

What is the total number of Joules lost when 10. grams
of water at 80.°C is cooled to 60.°C?

(A) 42 (C) 420
(B) 84 (D) 840




[image: image2.png]14. The graph below represents the heating curve of a substance that starts as a solid below its freezing point.
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What is the melting point of this substance?
(A) 30°C (B) 55°C

\ ]

Time (minutes)

(C) 90°C (D) 120°C

15.

Base your answer to the following question on the
potential energy diagram below, which represents the
reaction:

A+ B - C + energy.

—>

Potential Energy

Reaction Coordinate 4

Which statement correctly describes this reaction?
(A} ltis endothermic and energy is absorbed.

(B) Itis endothermic and energy is released.

(C) ltis exothermic and energy is absorbed.

(D) ltis exothermic and energy is released.

16.

17.

Base your answer to the following question on the graph
below. The graph shows heat being added at a constant
rate to substance A and to substance B, which begin as
solids below their melting point temperatures.

Substance A
8/ 7

Substance B

Temperature

Time

Compared to substance B, substance A has a

(A) lower melting point and a fower boiling point
(B) lower melting point and a higher boiling point
(C) higher melting point and a lower boiling point
(D) higher melting point and a higher boiling point

A 32 gram sample of iron (initially at 500 °C) is placed in
125 grams of water at 25°C, the final temperature of the
system is 375°C. What s the specific heat of iron?

(A) 42.2 (C) 45.7

(B) 843 (D) 840




[image: image3.png]18. The graph below represents the uniform heating of a

substance, starting with the substance as a solid below
its melting point.
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Which segment of the graph represents a time when both
the solid and liquid phases are present?

(A) AB (C) DE
(B) BC (D) EF

19.

20.

How many Joules of heat energy are absorbed in raising
the temperature of 10. grams of water from 5.0°C to -
20.°C?

(A) 3,959J
(B) 39,590J

(C) 4,453
(D) 44,5304

How many Joules of heat energy are required in raising
the temperature of 100 grams of water from -10.0°C to
0°C?

(A) -2,050J
(B) -3,400J

(C) +2,050
(D) +3,400 J





3





4





5





2





1





Time (min)





Temp


oC





�


















































� HYPERLINK "http://www.its.caltech.edu/~atomic/snowcrystals/ice/ice.htm" ��http://www.its.caltech.edu/~atomic/snowcrystals/ice/ice.htm�











http://encarta.msn.com/media_461541579/Phase_Diagram_for_Wate r.html





� HYPERLINK "http://www.chem.neu.edu/Courses/1131Tom/Lecture25/sld007.htm" ��http://www.chem.neu.edu/Courses/1131Tom/Lecture25/sld007.htm�








(Language (ELP) Objectives for LEP Students:


In written or verbal form, have student summarize the procedure of the calculating heat activity.


Verbally share data and conclusions with a partner and/or class.








(Language (ELP) Objectives for LEP Students:


At the beginning of the class discussion, have student make a hypothesis in their own words as to their prediction of what happens to the initial hot object after it is placed into the cold water and when they predict that the flow of heat will stop.


In paragraph form, discuss in own words the above essential question.








(Language (ELP) Objectives for LEP Students:


In written form, define key terms: enthalpy, endothermic, and exothermic and give specific examples for each.


Verbally or in written form, discuss (ΔH) and give specific examples of chemical reactions.








� INCLUDEPICTURE "http://www.chemcool.com/regents/physicalbehaviorofmatter/aim10.12.gif" \* MERGEFORMATINET ���





(Language (ELP) Objectives for LEP Students:


Summarize in paragraph form at the conclusion of the Hot water/cold water activity their data and how the data agrees or disagrees with their hypothesis at the beginning of this lesson.








(Language (ELP) Objectives for LEP Students:


Verbally or in written form, explain the meaning of phase change. As a review discuss the states of matter and relate these changes to this current activity.


Describe verbally or in written form how their graph was constructed and what information can be provided for interpreting this graph.








Reprinted with permission from Chemistry: Matter and Change by Bowers, Joanne, McCleary, David R. & Veath, Lois; Copyright © 2005 Glencoe-McGraw Hill
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