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Abstract: Modeling instruction is a recent methodology for teaching all sciences that was originally developed for high school physics.  Within the past five years a curriculum has been developed in chemistry.  In a modeling curriculum there are two basic phases for each topical unit.  During the first phase the students develop a model for the current topic through observations and experiments.  At the beginning of the phase the teacher provides a phenomenon or discrepant event that allows students to make observations and prepare a plan to test their observations to understand the phenomenon and developing a model.  The second phase is for extending what was learned through various activities or worksheets (Hestenes, 1996).   A Modeling classroom has some advantages over a traditional classroom that help a student’s conceptual development in some of the hardest to understand topics in chemistry.  The Modeling Chemistry curriculum has been fully developed for the first semester and partially developed for the second semester of introductory chemistry.  Each unit has related worksheets along with descriptive teacher notes and answer keys for each of the worksheets.  This is a post use review of the first semester material that was taught to New York State Regents high school chemistry students that had passed Regents earth science and living environment in previous years.
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Introduction
Much of chemistry classroom instruction is based on an assumption that telling is the same as teaching (Herron, 1996).  Researchers have recommended that schools change their approach to teaching chemistry in order to prepare the students to develop more conceptual understanding instead of the traditional classroom focused on a mathematical problem solving (Roehrig & Garrow, 2007).  Simply telling our students about the atom will not relay all of the ideas we hold ourselves about that same atom.  The problem is we cannot change the way in which we communicate ideas to our students so we must change our instruction to have more control over student interpretations of our ideas (Herron, 1996).

One way students learn science is through student discussion (MacIsaac & Falconer, 2002).  There is a relatively new method, called Modeling, that has been developed over the past few years in teaching physics that utilizes student discussion as a means to facilitate learning (Hestenes, 1996).  Modeling is designed to move away from the traditional lecture framework, which tends to develop the lower order thinking skills and improve the higher order thinking skills of students (Zoller, 1993).  The Modeling methodology changes the role of the teacher, from a lecturer to a facilitator of the learning (Desbien, 2002).   

There has been an attempt to develop a Modeling Chemistry curriculum led by Larry Dukerich and Brenda Royce.  While the content of the curriculum is quite similar to that a traditional classroom, covering the same topics, the material is presented differently.  One of the big differences is the order in which the materials are taught.  Modeling for the first semester tends to follow a more simplistic approach than traditional chemistry by dealing only with the atom as a particle.  

The order of topics is not the only difference between modeling and a traditional chemistry course.  Within each of the units there are different methods for presenting each topic.  Those differences are highlighted below for the first semester of Modeling Chemistry as it was taught to mostly high school juniors taking New York State Regents chemistry and have previously passed both Regents earth science and living environment.  The high school was located in a small town in Western New York.  The second semester is still mostly under development.

What is Modeling?

Modeling is a curricular tool teachers can use as a way to design their curricula.  Modeling instruction generally involves two phases: introduction to the topic and development of the ideas (Hestenes, 1996).  It is largely student centered with the teacher most often a questioner rather than the person with all of the answers.  Students are able to present their knowledge and information with the other students to develop understanding of the content. (Desbien, 2002)  Modeling allows for flexibility within a classroom to explore the various topics acting as a guide to the curriculum while encouraging the development of ideas through inquiry.  Teachers do have a specific list of items but guides the inquiry through “Socratic” questioning. (http://modeling.asu.edu/modeling/WhatModlInstructionIs09.htm, 2009)
There are several Modeling Instruction workshops in both physics and chemistry in a number of different states over the summer, listed on the Modeling website, modeling.asu.edu.  This is also the source of many of the curriculum materials necessary including teacher notes, worksheets (with answer keys), quizzes, tests, and other helpful teaching tools.  These materials are password protected, but attendance at a workshop does give you access.  I received my training in two Modeling Physics workshops conducted at Buffalo State College, but have not had formal training in Modeling Chemistry.

[insert table 1]
Unit 1: Physical Properties of Matter- Understanding of density and measurement
It is important to recognize that there are three levels upon which to teach chemistry: macroscopically, microscopically, and symbolically (Gabel, 1993).  Studying chemistry macroscopically focuses on the visible, tangible, or edible parts of chemistry.  This could include a solution changing colors or the formation of a precipitate.  Both the microscopic and symbolic methods are much more abstract in nature.  The microscopic is discussing the atoms and molecules along with the many interactions that take place.  The symbolic method is using equations, stoichiometry, and mathematics to represent chemistry (Johnstone, 1993).  Most chemistry courses emphasize the symbolic, which makes it hard to draw connections between everyday phenomena and the classroom.  But if a teacher focuses on the microscopic level of chemistry the students will also understand the macroscopic and symbolic levels (Gabel, 1993).  Modeling instruction focuses on the microscopic from the very beginning with the study of mass and matter.  

In my classroom we defined mass as the “amount of stuff”, in order to get the class moving.  Many students remembered the definitions of mass, volume, matter, and density from earlier science classes.  But a problem arose when students were asked more deeply about density.  From earlier science classes students were able to recite the mathematical procedure for calculating density, but had no conceptual understanding of the topic.  This could be because teachers commonly explain density as “mass per volume,” but don’t thoroughly explain the meaning of “per” (Arons, 1997).  I set up a laboratory experiment with pennies made before 1982 and pennies made after 1982 to graphically find a relationship between mass and volume of the different amounts of pennies.  In the end, my students knew that relationship was density, but also further understood what the equation meant by deriving it from the slope of the line. Modeling takes students through worksheets, looking at the particles that make up “stuff” and helps them to understand that the size and arrangement of molecules in an object determines its density.  The method of developing density through graphic analysis seems to offer students more insight into the relationships between mass and volume but it also gets the students thinking about how atoms and molecules of substances.  This unit also offers time to introduce significant figures but fully developing the usefulness effectively should occur during experimental work where the context makes more sense to the student (Herron, 1996).

Unit 2: Energy and the States of Matter- Part 1- Kinetic Theory and the Ideal Gas Laws
The material then continued into a discussion of gases.  Modeling puts an emphasis on atoms and molecules beginning with a spray of perfume.  My students predicted, and then observed and iferred, what happens to perfume molecules after they’ve been sprayed into the air.  I asked each of them to draw a comic strip predicting what would happen to the molecules over time to help get an idea of their understanding of molecular interactions.   Most predicted correctly, thanks to their knowledge of diffusion, but they struggled to explain why diffusion happened.  Next we looked at a website simulation (http://intro.chem.okstate.edu/1314F00/Laboratory/GLP.htm) to help explain those molecular interactions and from that were also able to develop the Kinetic Molecular Theory.  Students are far more likely to understand the theory if they take part in developing it (Miller, 1993).  Demonstrations and class discussions develop students’ ability to think about chemistry (ibid).  I performed another demonstration, using two beakers of water and food coloring, to teach my students how to define temperature.  One of the beakers had cooled in a refrigerator and the other heated by a Bunsen burner.   After placing a couple of drops of food coloring into each beaker students were able to immediately see that the molecules spread out much faster in the warm beaker than in the cold beaker.  My students then defined temperature as the speed of the molecules.  Depending on whether they’d previously been exposed to any physics, students may or may not have known that a molecule’s kinetic energy is directly related to how fast it is moving.  According to the New York State Regents Chemistry Curriculum it is important for students to understand that how fast molecules are moving is related to temperature and understand that temperature is average kinetic energy (http://www.emsc.nysed.gov/ciai/mst/pub/chemist.pdf).  The most important aspect of this demonstration was that my students developed their own definitions, taking ownership of them and had very little trouble remembering them in future discussions.  

Throughout unit two the students continued to develop concepts that led to an understanding of the kinetic molecular theory and the gas laws.  I used worksheet 1, depicting manometers and barometers, to give my students a basic understanding of pressure, so they’d at least understand that gases with a higher pressure push harder.  A manometer measures atmospheric pressure by enclosing a gas in a bulb with mercury between the gas in the bulb and the gas in the room.  Worksheet two in the Modeling chemistry unit offered several exercises in which students were required to determine the pressure of the enclosed gas.  Once students completed that worksheet, my students had a better understanding of gas pressure and atmospheric pressure.  My students were thinking microscopically (atoms and molecules) about how the gas particles were behaving in the systems.   Now that students better understood pressure, my students and I explored the relationships between pressure, temperature, and volume.  Looking at the relationships through exploration, utilizing laboratory experiments or online simulations, students can graphically found the relationships between any two of those variables.   Plots of pressure, volume, and temperature led students to a mathematical relationship by looking at the slopes of the lines. 

Unit 3: Energy and the States of Matter- Part 2- Heat, Energy, and the Phases of Matter
In this unit, we began to differentiate between temperature and heat.  Initially my students had a difficult time discerning between the terms “heat” and “temperature” (Arons, 1997).  We overcame this problem with demonstrations and discourse, such as heating different amounts of water with equal size Bunsen flames to see which boiled faster, or the overall heat difference between a bucket of hot water and a drop of hot water.  My students’ biggest problem was understanding the term “energy.”  Modeling chemistry tries to help increase the understanding of energy, a term that is not easily understood conceptually by anyone.  Energy is defined in the dictionary as “a fundamental entity of nature that is transferred between parts of a system in the production of physical change within the system and usually regarded as the capacity for doing work” (http://www.merriam-webster.com/dictionary/energy, 2009).  This definition can be difficult to understand, especially for a student who might not have an understanding of “work”, and how it applies to chemistry.  Modeling Chemistry focuses on the first part of the definition, by stating energy is a “substance-like” entity that is present in all systems containing particles.  So, any change in energy is a change in the arrangement of particles in the system and represents a transfer of energy from one form to another.   

Another variation from the traditional approach is that Modeling Chemistry focuses on forms of energy rather than types of energy.  Students are often confused when energy changes, say, from potential to kinetic when an object falls.  Traditional chemistry instruction gives the appearance that potential and kinetic energies are different, when they are really the same, simply stored differently.  Much like how we store money, if we store money at the bank or in our pockets, it is still money.  Modeling explains that there are many ways to store energy, but it is all energy that can be transferred by heat, work, or radiation, and all energy is the same.  The emphasis in chemistry is transferring energy by way of heat, which can be observed in a change in temperature.

[insert figure 1]
In Modeling chemistry, my students first learned how to track energy transfers using energy bar diagrams, such as those shown in figure 1.  In bar diagrams all forms of energy are abbreviated with a capital E and the subscript denotes the form of energy storage where Eth is thermal energy, Ei is interaction energy, and Ech is chemical energy.  Energy does not change, even though the way it is stored does, and for this reason Modeling keeps the notation of energy the same while only changing the subscripts.  Thermal energy is the energy directly related to the motion of particles in a substance and temperature is used to measure that energy.  Interaction energy is the energy related to the arrangement of particles into a solid, liquid or gas.  A substance in its solid state has less interaction energy than in its gaseous state because there are fewer attractions in the gaseous system (fewer interactions means greater interaction energy).  The last way in which energy is stored (in Modeling Chemistry) is chemical potential energy, which is the energy needed to change the makeup of molecules; this is only dealt with during chemical changes and will not be discussed until later units.  The names of these forms can easily be substituted for NYSED Regents- level chemistry so the wording of Regents questions about “kinetic” (thermal) and “potential” (interaction) energies don’t confuse students.  

[insert figure 2]
The circle in Figure 2 represents the system that my students were investigating.  We then talked about how energy has a role in simple, everyday phenomena. My first example involved coffee cooling in a cup on a tabletop.  Initially, the coffee is very hot, but after 10 minutes elapses the coffee has cooled off but still remains liquid.  A bar diagram would look similar to figure 2.  Students here were able to visually see the forms of energy storage change and where the energy flows from, in the example from the cup of coffee to the surroundings in the amount of Q (Modeling utilizes capital “Q”, but for NYS Regents this should be substituted with a lower case “q”).  Some students also noted what happens to the surroundings of the cup, that the air or hand or table will increase in temperature, and this was fully developed with other similar questions.  The bar diagrams emphasized the microscopic change occurring by using the symbolic level.  The diagrams were also useful for teaching what forms of energy are transferred during a substance’s change of phase.  After a laboratory investigation with lauric acid, my students recognized temperature remains constant (no change in kinetic energy) during a change in state, so it must be interaction (potential) energy that was changing.  They were also curious about the quantity of q and led easily into heat transfer equations.

Unit 4: Describing Substances- Pure Substances and Mixtures
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What is a mixture?  How is a mixture different from a compound?  How can we separate mixtures?  Is it possible to separate compounds?  Most students can determine how to separate a mixture of salt, sand, and water.  Students entered Modeling Chemistry knowing full well the chemical formula of water is H2O, but they didn’t necessarily understand why.  I could easily demonstrate the electrolysis of water and explain to them how the two gases were being separated according to Equation 1.  The students observed that there was twice as much of one gas as the other and were able to determine which gas was hydrogen from the formula.  

Once that was established, it was possible to have a discussion about the electrical forces that hold the two elements together.  We did the classic Modeling Physics activity with two pieces of Scotch tape that demonstrated electrical interactions.  It was also possible to show the interactions between paper and aluminum foil showing the differences in the type of compounds.  When we discussed ionic compounds versus molecular compounds, we knew of those electrical interactions but, again, we didn’t discuss electrons.  Students were able to complete the unit with a knowledge of molecular compounds (not polar and non-polar covalent), ionic compounds, pure substances, and homogenous and heterogeneous mixtures.  They were also be able to name ionic and molecular compounds.  This unit differed very little a traditional classroom, except that electrons were not yet discussed.  

Unit 5: Counting- Avogadros Number and the Mole

An important part of any chemistry course is understanding the mole.  The mole concept is not as difficult as students or teachers tend to believe.  It is simply a matter of breaking down the concept with examples that can be related to students (Herron, 1996).  I began the discussion with a large bag of Styrofoam peanuts.  In jest, I asked the students if any of them wanted to stay after school to count them.  A few students realized that if they mass a small, known number of peanuts, they can determine the average mass of a peanut.  Using that information, they could mass the entire bag, and fairly accurately guess how many were in the bag.  Then we compared this situation to the counting of particles by holding up a 22.4L box full of gas.  How could we know how many particles were in it?  Because a dozen is a small, familiar number to all students we used it to represent a mole (in place of
[image: image15..pict]).  I also made sure they understood that despite the large number, a mole is very, very small in volume when you’re dealing with molecules.  Students still struggled with the arithmetic when converting between moles and grams, but it may have been a problem with handling and understanding scientific notation and using these in their scientific calculators.  

The students also practiced calculating gram formula mass, percent composition, and empirical formulas throughout the unit.  In my experience students tend to get through this unit better with more practice than being lectured on these mole concept topics.  Participation will help the students to stay motivated and will help improve performance (Ward & Bodner, 1993).

Unit 6: Representing Chemical Change- Chemical Reactions

[image: image13.emf]Cu(s)


(aq)


FeCl


Fe(s)


(aq)


CuCl


2


2


+


®


+




Cu(s) (aq) FeCl Fe(s) (aq) CuCl

2 2

  

[image: image14..pict]The start of Unit Six actually began during the review of the previous unit with a rich but simple three-day laboratory activity called the Nail Lab.  On day one, students massed some copper II chloride and dissolved it in some water.  Next they massed three iron nails and placed them in the solution.  Immediately upon placing the nails in the solution, the students saw an orange color forming around the nails.  At first students believed this was the nails’ rusting, but through discussion they later understood that with oxygen bonded to the hydrogen it doesn’t bond with iron to form rust.  After the other two days of the lab the students come to realize that the copper and the iron switched places in the beaker.  The students were able to visually see (as best as possible) that the molecules are switching places.  As a class they were able to determine and label the type of reaction that took place.  To finish off the lab, students first came up with a balanced chemical reaction and see the importance of having the same number of molecules in both the reactants and products side of the reaction.  

Then my students practiced balancing reactions, and using bingo chips as a visual aid seemed to really help a majority of them.  Another useful tool was the SMARTboard™ program SMART notebook (http://www2.smarttech.com/st/en-US/Products/SMART+Board+software/).  This software is very similar to having magnets representing atoms on the blackboard but on a SMARTboard™ it is very easy to “clone” molecules and atoms, meaning that students could double or triple the atoms until the reactions were balanced (ibid).  Students worked through a worksheet named “Rearranging Atoms” from the Modeling materials at the board in front of the classroom.  The software made the visualization of balancing chemical reactions very obvious, aiding greatly in the students’ conceptual development of a balanced chemical reaction.  It is important for students to follow through with these problems and for the teacher to take a back seat.  Having the student struggle a little helped them to learn from the path they chose (Bodner & Domin, 2000).

After a clear development of balancing reactions, we turned our attention back to the types of reactions.  We did another activity looking at the different types, again focusing on conceptual understanding, rather than on memorizing the types of reactions.  This approach has far more benefits in learning the material than trying to lecture and have students memorize the same material (Ward & Bodner, 1993).

The last part of Unit Six involved the energy used in a chemical reaction.  In chemical reaction there is a transfer between thermal energy and chemical potential energy.  Now an intermediate bar graph should also be included, like that in Figure 3.  At this point in the development it is not necessary to identify anything about activation energy, which will be discussed at a later stage in kinetics.  During an endothermic reaction the overall reaction will increases in chemical potential energy, similar to that in Figure 4.  This diagram does not tell the entire story, just as the traditional diagram in Figure 5 lacks important information about the reaction.  Thermal energy is left out of both of these diagrams.  Thermal energy is a large part of a reaction, considering that it is temperature that often determines if a reaction is endothermic or exothermic.  It was important for students to recognize the importance of increasing the number of collisions and the effectiveness of those collisions, and how these are affected by temperature.  During an endothermic reaction it feels cold, so therefore heat is going into the reaction before the reaction can take place similar to Figure 6.  The reaction then transfers the energy from thermal to chemical potential, as in Figure 7 for a complete reaction shown in Figure 8.

 [insert figures 3 through 8]
[insert figure 9]
This method allows for students to conceptually develop an understanding for how energy takes place in a reaction.  An exothermic reaction proceeds in the opposite manner.  Chemical potential energy will decrease over the length of the reaction and thermal energy will leave the system in the form of heat and will look similar to Figure 9.  Again, my students were better able to visualize what happened throughout the reaction, including what happened to thermal energy.  All of this was further developed more through practice problems and discussion.  Another addition Modeling Chemistry brought to the classroom is the use of whiteboards.  Whiteboards can be as simple as white tiles from a home repair store.  The main advantage of whiteboards is to give students a platform to express what they have learned and their thoughts on particular problems.  It is also an aid to discussions that students can refer to as they present a problem (http://physicsed.buffalostate.edu/AZTEC/BP_WB/index.html). Teachers also have the opportunity to get a better insight into student thoughts, and can adjust the lessons accordingly.   Students at this point had a good enough grasp of the proper use of whiteboards, and were able to greater develop the important concepts as they discussed these problems as a class on whiteboards.

Units 7 and 8: Stoichiometry-1,2

[Insert figure 10]
By now students had learned how to count molecules and they also know the importance of a balanced reaction.  Units Seven and Eight were a combination of the previous two units, with Unit Seven focusing on stoichiometry of solids, and Unit Eight dealing with stoichiometry of liquids and gases.  The New York State Regents curriculum emphasizes solids and is limited to conversions of moles to grams and vice versa, so Unit Eight offers very little for a basic Regents level course (http://www.emsc.nysed.gov/ciai/mst/pub/chemist.pdf).  In order to help students keep the reactions organized Modeling chemistry uses a BCA table as shown in figure 10.  For those familiar with an ICE (Intial, Change, Equilibrium) table during equilibrium, this table represents the same idea and is applied to stoichiometry.  In this case B stands for Before the reaction, C is the Change of the reaction, and A is After the reaction.  The tables are designed to help make the arithmetic more visual, and therefore easier to manage.  Students tend to struggle with determining molar ratios in multi-step problem solving. Stoichiometry requires students to not only determine a ratio and make sense of it, but to also convert between units.  Using these tables helped students to slow down and address each problem individually, increasing the likelihood of solving the problem correctly. 

Once a student has improved their ability to deal with simple stoichiometric relationships in Unit Seven, they move on to more complicated stoichiometry in Unit Eight involving gases.  Now students must remember that one mole of gas takes up a volume of 22.4L and that there are 
[image: image2.wmf] molecules in a mole.  These two numbers add a degree of difficulty for students to convert between. If students continue through the BCA table it will help them organize steps and keep track of what needs to be found.  Now students had to perform even more steps to arrive at those extra two conversions, so there was a greater need for students to be organized while dealing with these problems.
Conclusion:

The design of Modeling Chemistry incorporated a larger amount of inquiry-based instruction than traditional chemistry.  Students had a better opportunity to utilize prior knowledge either to change what they thought they knew or continue to learn based on that prior knowledge.   Students were also given the opportunity to talk and discuss and become part of a science community while reflecting on their scientific practice.  All of these opportunities will help students in their overall goal of learning science (Stewart, Cartier, & Passmore, 2005).  Giving students an opportunity to discuss their results with each other gives them a sense of ownership, helping them to understand and remember the concepts.  The use of the whiteboards allows the students to visualize not only what they did but also what others students had done as well.  This often led to visualizing mistakes and also making the corrections visual, an important step in the scientific practice.

My hardest task as a Modeling chemistry teacher was stepping back and allowing your students to discuss, without too much “expert” intervention.  This is not only hard as a teacher, but also as a student.  It’s important that a teacher monitors frustration levels of the students and occasionally interject questions that don’t give answers but lead students to the next step in solving problems.  Students enter the classroom having experienced many classes where the teacher stood at the front of the room and gave them the information.   This type of interactive classroom is more demanding of students, and may represent a whole new way of learning for them that is, at times, frustrating.  The teacher must control this frustration, not by giving the students the answers, but by asking them the questions that help them determine the next stage in the problem solving process (MacIsaac & Falconer, 2002).  

Modeling in physics has been shown to greatly increase students’ understanding of conceptual knowledge (http://modeling.asu.edu/modeling/Mod_Instr-effective.htm).  Similar results could be realized in chemistry, by adopting new methods of teaching.  Modeling is not the only method. Rather it is compatible with others such as POGIL (Process Oriented Guided Inquiry Learning), another way to implement inquiry into the classroom and challenge students to think critically.

Overall I do believe that Modeling chemistry was a helpful tool in teaching this regents chemistry course.  I believe that it could also be just as, or more useful in an honors chemistry course.  It is often a struggle at first because it is a change from what students had known before.  Students are used to sitting and taking notes and the teacher always giving the answer, so this change to finding the answer is tough, but they are better for it.  
Students were looking at the particle model in every part of the course.  This helped student conceptual development of the content.  Memorizing equations does not help students down the road because it is a poor example of what they truly know and understand. It is important that students work together and explore chemistry in order to have a better grasp and truly understand it.  And, if all goes well, hopefully they enjoy chemistry, too.
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Table 1:List of Units from Modeling Chemistry compared to New York State Learning Standards for Physical Setting in Chemistry

	Unit
	Topics
	Learning Objectives
	Tools for Learning
	NYSED Learning Standard

	1: Matter
	1. Mass

2. Volume

3. Density
	Students should have an understanding of how the three relate
	1. Mass and Change Lab

2. Penny Lab
	K- 8 Standards

	2: Energy and States of Matter Part 1
	1. Temperature

2. Gas Laws
	Students should understand temperature and the behavior of gases
	1. Perfume Demonstration

2. Hot/Cold Demonstration

3. Boyles Law Lab

4. Charles Law Lab

5. Online Simulations
	3.4a,b,c,e

4.2b

	3: Energy and States of Matter Part 2
	1. Heat vs. Temperature

2. Energy Bar Diagrams

3. Differences in the States of Matter
	Students should understand the role of heat energy in the changing states of matter
	1. Two Beaker Demonstration

2. Icy/Hot Lab

3. Energy Bar Diagrams
	3.1jj,kk

4.1a

4.2a,c

	4: Describing Substances
	1. Pure Substance vs. Mixture

2. Evidence for compounds

3. Evidence for Electrical Charge in Particles

4. Nomenclature
	Students must understand the difference between pure substances.  Students must also understand the differences in the types of compounds and know the proper rules for naming.
	1. Hoffman Apparatus Demonstration

2. Sticky Tape Demonstration

3. Conductivity Tests
	3.1q,r,s,t,u,v,cc,dd,rr

3.2a

5.2g,h,n



	5: Counting Particles
	1. Counting by Weighing

2. Avogadro’s Hypothesis

3. Mole concept

4. Empirical and Molecular Formulas
	Students should have a strong concept of the mole concept and be able to apply it to molar masses of compounds
	1. “Peanut” Demonstrations

2. Empirical Formula Demonstration
	3.3d,e,f

	6: Representing Chemical Change
	1. Representing Chemical Change

2. Types of Chemical Change

3. Energy in a Chemical Reaction
	Students should understand how to represent a chemical reaction as well as understand energy’s’ role in a reaction
	1. Nail Lab

2. Balancing Chemical Reactions Worksheet

3. Energy Bar Diagrams
	3.2b

4.1b

5.2i

	7&8: Stoichiometry
	1. Quantifying Change using Mole Ratios
	Students should understand how conservation of mass applies in a chemical reaction
	1. BCA Table
	3.3a,c


Table 2: Changes in terminology from NYSED Regents Chemisry to Modeling Chemistry

	NYSED Regents Chemistry 
	Modeling Chemistry 

	Kinetic Energy
	Thermal Energy

	Potential Energy
	Interaction Energy

	Uses lower case “q” to represent change in energy
	Uses upper case “Q” to represent change in energy


Figure 1: Energy Bar Diagram
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Figure 2:Energy Bar Diagram for a Cooling Cup of Coffee
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Figure 3:Energy Bar Diagram for a Chemical Reaction
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Figure 4:Energy in a Chemical Reaction
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Figure 5:Classical View of Energy in a Chemical Reaction

[image: image7.png]Products

Reactants




Figure 6:First Half of Endothermic Reaction
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Figure 7:Second Half of Endothermic Reaction
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Figure 8:Completed Endothermic Reaction
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Figure 9:Completed Exothermic Reaction
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Figure 10: BCA Table

Equation:
1Pb  
  +  
2HCl      (  
1PbCl2     +   
1H2  

Before:        4.0mol
 
xs mol

  0mol

  0mol

Change      -4.0mol            
-8.0mol

+4.0mol
+4.0mol
After

0mol

xs mol

  4.0mol
  4.0mol

Equation � SEQ Equation \* ARABIC �1�
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Equation � SEQ Equation \* ARABIC �2�
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