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A Study of Chemical Kinetics and Equilibrium through Simulation

Content Standard:

The Massachusetts Framework in Science and Technology and Engineering, Chemistry Standards for a full year course in Grades 10 or 11 recognizes the importance of kinetics and equilibrium in item 9 found in the appendix. They consider essential knowledge the broad concept:

9. Equilibrium and Kinetics XE "Equilibrium and Kinetics" 
Broad Concept: Chemical equilibrium is a dynamic process that is significant in many systems (biological, ecological and geological). Chemical reactions occur at different rates.

Under this concepts they list:

9.1 Write the equilibrium expression and calculate the equilibrium constant for a reaction.

9.2 Predict the shift in equilibrium when the system is subjected to a stress (LeChatelier’s principle XE "LeChatelier’s Principle" ).

9.3 Identify the factors that affect the rate of a chemical reaction XE "chemical reaction"  (temperature, concentration) and the factors that can cause a shift in equilibrium (concentration, pressure, volume, temperature).

9.4 Explain rates of reaction in terms of collision frequency, energy of collisions, and orientation of colliding molecules.

9.5 Define the role of activation XE "energy:activation"  energy in a chemical reaction XE "chemical reaction" .

Boldface type indicates core standards for full-year courses. An asterisk (*) indicates core standards for integrated courses.

In particular, the items 9.3, 9.4, and 9.5 are addressed in this lesson.

Introduction:

Why are chemists interested in reaction rates? Studies of rates provide an insight into the mechanism, the individual steps of the reaction that describe how reactions occur.  Applications occur in almost every facet of life: For example, in industrial and manufacturing processes, biochemistry and metabolism, food science, and environmental studies with things such as  catalytic converters,  combustion engines and compost piles.

Students study kinetics so that they may understand how chemical reactions occur. Since chemical reaction occur at different speeds and are individually on the molecular level, reaction kinetics are difficult to visualize. Students learn factors that affect reaction rates (item 9.3) and see this in the laboratory. However, obtaining quantitative information on kinetics is more problematic; much of the mathematical treatments involve complex mathematics such as differential equations (calculus). 

Most elementary textbooks put emphasis on the simple collision theory model. In this model several conditions must be met for a chemical reaction to occur. 

· Molecules must collide. 

· The geometry of the molecules must be proper for forming new bonds.

· The molecules must have enough energy to break old bonds and form new bonds. 

Reaction rates increase as the number of molecules collides with sufficient energy to break old bonds and form new ones. Only a fraction of the molecules with sufficient energy react because the orientation of molecule during collision is not always favorable for breaking old bonds and forming new ones. The number of collisions increases with concentration of reactants, and the number of molecules with enough energy for reaction increases with temperature.
There are a plethora of laboratories and demonstrations that illustrate kinetics and equilibrium. Many are listed in the Bibliography in the Kinetics Tutorial. However, the problem is that it is difficult for students to visualize the processes that occur in a reaction as reactants go to products. This is where simulation is extremely helpful. Simulation shows the student the reaction where they see the reactants colliding and making products. They see that not all collisions make products. In fact, simulations should be considered essential to understanding how chemicals react.

Simulations:

The simulations were provided by the Center for Polymeric Studies, Boston University, Yellow book, “Bridging the Gap between Microscopic and Macroscopic,” Sections 1 and 2. Reactions, July 5, 2002.  The procedures in this procedure involved running “SimuLabs,” a series of simulations designed to show the kinetics of reactions. The results of these exercises are shown in the appendix under

· First Order Reactions

· First Order Catalyzed Reactions

· Second Order Reactions

The programs ran smoothly with no problems and produced excellent results. The program seems to work well for the first order and second order kinetics.

I got good rates when I plot ln [R] vs. time at various temperatures for first order and 1/[R] vs. time at various temperatures for the second order reactions. I also obtained good Ea when I plot ln k vs. 1/T.  The graphical presentations, done with Excel, are found in the Appendix

Students can easily interpret the results. The bonus is that they had an opportunity to see the reactions proceeding as they collect the data and seeing is believing!  

Simulation Modifications:

There are several excellent simulations that can be downloaded from the Internet. These are listed in the Appendix. There is a very good simulation from IBM, Almaden what does complex kinetics simulations. However, the only visual is a plot of the results and this does not fit the criterion of showing students the actual reactions. The most useful is form the University of California, www.chem.uci.edu/education/undergrad_pgm/applets/sim/simulation.html. This applet shows a second order reaction, allows for changing the number of molecules, both reactants and product, incorporates both forward and reverse rate constants, and show a graphics of the concentrations as the reaction proceeds. 

There are several modifications, which need to be done in order to make the Simulabs more useful for classroom instruction. The picture below shows the Simulab for a first order kinetic simulation.
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I recommend following revisions on the kinetics programs. In order to adopt the program top examine equilibria, I need the following:

1. For first order, while R( G, G( R. In other words, simultaneous reactions. This needs to be done so that:

R ( G

I would be nice to examine G(R and R(G individually and then combine them together.

2. For second order it needs: R + G  ( P

3. Although not an absolute requirement, a way to record the data from the simulation without writing it down. It would be great if it dumped it into an Excel file. This is done in the Vernier files. It stops at a time and you accept the data. Then it prints it out automatically.

4. The parameters, it seems to me, were designed for the programmer. Students, however, need real life parameters. Temperature in degrees Centigrade or Kelvin. Activation energies in ~100 kJ, concentrations is M or atmospheres.

5. You need to adjust, for example, 

· the number of molecules of both reactants and products.

· the activation energies in both directions. 

· the kf and kr, the forward and reverse rate constants.

Conclusions:

The simulation program worked well but needs a number of modifications to be useful for classroom use. Kinetics and Equilibrium are ideal experiment for simulation and I look forward to working on the revisions.

Appendix

Science and Technology/Engineering Curriculum Framework, May 2001, Massachusetts Department of Education, 350 Main Street, Malden, MA 02148

Chemistry Learning Standards for a Full First-Year Course in Grade 10 or 11

9. Equilibrium and Kinetics XE "Equilibrium and Kinetics" 
Broad Concept: Chemical equilibrium is a dynamic process that is significant in many systems (biological, ecological and geological). Chemical reactions occur at different rates.

9.6 Write the equilibrium expression and calculate the equilibrium constant for a reaction.

9.7 Predict the shift in equilibrium when the system is subjected to a stress (LeChatelier’s principle XE "LeChatelier’s Principle" ).

9.8 Identify the factors that affect the rate of a chemical reaction XE "chemical reaction"  (temperature, concentration) and the factors that can cause a shift in equilibrium (concentration, pressure, volume, temperature).

9.9 Explain rates of reaction in terms of collision frequency, energy of collisions, and orientation of colliding molecules.

9.10 Define the role of activation XE "energy:activation"  energy in a chemical reaction XE "chemical reaction" .

Boldface type indicates core standards for full-year courses. An asterisk (*) indicates core standards for integrated courses.

