Energy of a Reaction SimuLab

There are many forms of energy, from wind to solar to nuclear to electric to sound energy.  In the macroscopic world, the world of objects on a scale is large enough to see, it makes sense to speak of these diverse forms of energy.  But when you consider matter on the atomic level, you find that these diverse forms of energy are not truly distinct.  They are just kinetic energy, potential energy, or combinations of these acting on small-mass particles.  Kinetic and potential energy underlie electrical, solar, and the other seemingly different forms of energy that we encounter.  

One of the important forms of energy to consider when studying matter is internal energy.  Internal energy is the sum of all the kinds of energy inside a substance.  This includes potential energy associated with the forces between atoms and molecules and kinetic energy due to the motions of atoms and molecules.  The stored energy is a form of potential energy, or energy of position.  Energy related to motion is called kinetic energy.  

In a similar manner, chemical energy, which is another form of potential energy, is stored in the bonds within chemical compounds.  When an energy-releasing chemical reaction occurs, bonds break and reactants atoms reorganize to form new bonds.  The process yields products with different and more stable arrangements of their atoms.  That is, the products have less potential energy (chemical energy) than did the original reactants.  Energy can be released in the forms of heat and light.  This type of chemical reaction is called an exothermic reaction.  Other the other hand, a chemical reaction can also be energy-absorbing, thus, yielding products with less stable arrangements of their atoms and having more potential energy than did the original reactants.  This is an endothermic reaction.    

Reaction Pathway Diagram??

In this SimuLab, you will…

· Describe the process of dissolving an ionic compound. 

· Differentiate between energy and temperature.

· Relate the temperature change in an exothermic or endothermic reaction.

· Identify which reaction is endothermic or exothermic.

· 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.

SimuLab 1:  

1. Open Universal Application.  Click Start Simulation: eq1.pe. in the Reactions folder and select.  

2. Make sure that the Heat Bath is not on (no check mark) and that the Display Time Step is 1.0.  

3. Click on Change Temperature and change it to 0.1.  Click Start and let it go for approximately 250 time units (Time:  ~250) and click Stop.  Record all the parameters and your observations in the data table below:

	Initial Temperature (Ti)
	Final Temperature (Tf)
	Potential Energy
	No. of Blue
	No. of Red
	No. of Green
	Descriptive Observations

	0.1
	
	
	
	
	
	

	0.2
	
	
	
	
	
	

	0.3
	
	
	
	
	
	

	0.4
	
	
	
	
	
	

	0.5
	
	
	
	
	
	


4. Click Close Simulation and then retart by click Start Simulations and choose eq1.pe again.  Repeat step 3 for the following temperatures: 0.2, 0.3, 0.4, and 0.5.  Make careful observations of the all the changes.      

Q1. Based on your observation, is this an endothermic or exothermic reaction?

Q2. How does this SimuLab show that a ionic compound is being dissolved in water?  

Q3. How do the particles in the SimuLab that you just did represent the substances you worked with in the endothermic and exothermic lab? Be specific.

Q4. Is there any correlation between potential energy and the change in temperature?  Explain and support with your data.  

Q5. Is there any correlation between kinetic energy and the change in temperature?  Explain and support with your observations.  

Q6. How does movement of the particles relate to kinetic energy?

Q7. At what temperature did the reaction begin?  Why is this significant?  

SimuLab 2:  

5. Click Close Simulations.   Click Start Simulation: eq2.pe. in the Reactions folder and select.  

6. Make sure that the Heat Bath is not on (no check mark) and that the Display Time Step is 1.0.  

7. Click on Change Temperature and change it to 0.000001.  Note that there are no units associated for this temperature because the number is arbitrarily assigned.  Click Start and let it go for approximately 250 time units (Time:  ~250) and click Stop.  Record all the parameters and your observations in the data table below:

	Initial Temperature (Ti)
	Final Temperature (Tf)
	Potential Energy
	No. of Blue
	No. of Red
	No. of Green
	Descriptive Observations

	0.000001
	
	
	
	
	
	

	0.0001
	
	
	
	
	
	

	0.1
	
	
	
	
	
	


8. Click Close Simulation and then retart by click Start Simulations and choose eq2.pe again.  Repeat step 7 for the following temperatures: 0.0001, 0.1.  Make careful observations of the all the changes.      

Q8. Based on your observation, is this an endothermic or exothermic reaction?

Q9. How do the particles in the SimuLab that you just did represent the substances you worked with in the endothermic and exothermic lab? Be specific.

Q10. Is there any correlation between potential energy and the change in temperature?  Explain and support with your data.  

Q11. Is there any correlation between kinetic energy and the change in temperature?  Explain and support with your observations.  

Q12. How does movement of the particles relate to kinetic energy?

SimuLab 3:

9. Click Close Simulations.  Click Start Simulation: eq1.pe. in the Reactions folder and select.  

10. Make sure that the Heat Bath is not on (no check mark) and that the Display Time Step is 1.0.  

11. Click on Change Temperature and change it to 0.3.  Click Start and let it go for approximately 25 time units (Time:  ~25) and click Stop.  Record all the parameters in the data table below.

	Time
	Initial Temperature (Ti)
	Final Temperature (Tf)
	Potential Energy
	No. of Blue
	No. of Red
	No. of Green

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


12. Continue the SimuLab by clicking Start and let it go for another 25  time units (Time:  ~25) and click Stop. Record all the parameters in the data table above.  Repeat this step 3 more times.

13. Click Close Simulations.  Click Start Simulation: eq2.pe. in the Reactions folder and select.  

14. Make sure that the Heat Bath is not on (no check mark) and that the Display Time Step is 1.0.  

15. Click on Change Temperature and change it to 0.3.  Click Start and let it go for approximately 25 time units (Time:  ~25) and click Stop.  Record all the parameters in the data table below.

	Time
	Initial Temperature (Ti)
	Final Temperature (Tf)
	Potential Energy
	No. of Blue
	No. of Red
	No. of Green

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


16. Continue the SimuLab by clicking Start and let it go for another 25  time units (Time:  ~25) and click Stop. Record all the parameters in the data table above.  Repeat this step 3 more times.

Q13 Observe the data table for the endothermic reaction; explain what happens to potential energy as more NH4Cl is dissolved.

Q14 Is there a relationship between the number of NH4Cl dissolved and potential energy?  Is it proportional?  Give an example from your data. 

Q15 Observe the data table for the endothermic reaction, explain what happens to potential energy as more NaOH is dissolved?  You may also want to refer to the data table in SimuLab 2 to answer this question.

Q16 Assuming that the potential energy for the reactants is 0, draw the energy diagrams for both the endothermic and exothermic reaction from your data where the potential energy is on the Y-axis and the reaction time is on the X-axis.

Q17 Refer to the energy diagrams in your textbook, how would you modify your graph so that it represents a general endothermic and exothermic reaction pathway?  Redraw the graphs based on what you have previously stated.  

Q18 On your modified graphs, label the following: reactants, products, activation energy, and potential energy of the reaction.   

Q19 Based on the graphs, what is the importance of the plus (+) and minus (-) sign in potential energy? 

Q20 Chemical reactions often reach an equilibrium where the reactants continue to form the products, and the products are reacting to re-form the reactants at the same rate.  Did you observe this phenomenon?  How did you know that equilibrium was reached?  Explain your observations and use the your data in this SimuLab to support your point. 

Q21 Which reaction (the endothermic or the exothermic) formed more products?  Use your modified energy diagrams to explain why this was observed.  

