Model Guide: First-Order Chemical 

Kinetics with Agent Sheets

Model Overview:

This model provides an introduction to the agent-based modeling of chemical reactions, rates and equilibrium by reproducing the Party Hat Chemistry Classroom Activity in the form of an AgentSheets model. In the activity, and the model, the putting on and removal of a hat are used as proxies for chemical transformations. Thus, a student/agent without a hat represents reactant (A), and a student/agent with a hat represents product (B) in the reaction A -> B. On each time step the student/agents depicted in the model will use a chance, set by the user as a Simulation Property, to decide whether to put on or remove their hat. 

Teaching Standards or Objectives:

Arizona Department of Education Science Standards – High School

Strand 1: Inquiry Process

Concept 2: Scientific Testing (Investigating and Modeling)

PO 5.   Record observations, notes, sketches, questions, and ideas using tools such as journals, charts, graphs, and computers.   
Concept 3:  Analysis, Conclusions, and Refinements
PO 1.  
Interpret data that show a variety of possible relationships between variables, including: 
· positive relationship 
· negative relationship 
· no relationship 
PO 2.  
Evaluate whether investigational data support or do not support the proposed hypothesis. 
PO 5.   Design models (conceptual or physical) …
Concept 4: Communication

PO 2.   Produce graphs that communicate data.

Strand 5: Physical Science

Concept 2: Motions and Forces

PO 1.   Determine the rate of change of a quantity (e.g., rate of erosion, rate of reaction, rate of growth, velocity).
Concept 4: Chemical Reactions

PO 8.   Quantify the relationships between reactants and products in chemical reactions (e.g., stoichiometry, equilibrium, energy transfers).

PO 11. Predict the effect of various factors (e.g., temperature, concentration, pressure, catalyst) on the equilibrium state and on the rates of chemical reaction.
Learning Objectives:

Students will be able to:

· Relate turns in a simulation to the passage of time in time-steps.

· Use the chance that an event will happen on a turn to predict how many events will happen in one turn, or many turns, and recognize that events per unit time are rates.

· Distinguish between graphs of time-courses where rate depends on amount versus where rate is constant.

· Describe how a reaction runs to exhaustion.

· Define equilibrium with regard to rates and amounts in a reaction.

· Distinguish between random and fixed events, and explain how accurate predictions are for systems that involve each.

· Describe an agent-based model and build one using AgentSheets.

· Use conditions and actions to build rules that agents have to follow.

· Arrange rules in the right sequence so that agents will behave as they are supposed to.

· Set-up Simulation Properties that a model user can use to change the way the model works.

Using the Model:

This section provides a guide on how to use all of the features of the model, with particular attention to using the model during lecture. It is assumed that you already know how to use the AgentSheets application, including building, configuring, and running a model. If not, then the tutorial file, “Tutorial-Party_Hat_Chemistry_AgentSheets.doc”, goes through this step-by-step.

For this model it is recommended that you use the Party Hat Chemistry Classroom Activity to guide your interaction with this model. Additional things to try with the model will be listed here with reference to reaction numbers that appear in the classroom activity document. 

Set-up:

· Open the Party Hat Chemistry project. 

· Open the worksheet named “reaction1.ws”.

· Open the Simulation Properties window and move it to the side so that the worksheet is not covered.

· Take one time-step using the step button, and move the plot windows that open so that they don’t cover the worksheet.

Running:

· The default simulation property values are set-up to reproduce reaction #1 from the classroom activity sheet. 

· If you click “Run” the simulation should proceed until all of the agents are wearing hats and then it should stop running.

· For demonstrating in front of the class you will probably want to step through the simulation (or at least slow the simulation speed using the slider). You can have students make predictions for each time step as you go and see how well their predictions do. 

· To compare multiple repetitions of the same reaction, you can just keep resetting the worksheet and running the reaction without resetting the plot window. Alternatively, the data from the Reaction Progress plot can be exported to Excel (data can not be exported if you are running the applet version of the model from within a browser). This allows you to look at the results from multiple reactions, and plot them on the same chart to see the variability due to noise. If you plan to look at more than a few runs worth of data, it is recommended that you prepare an Excel workbook with data from multiple runs charted ahead of time, as it can be time consuming (though it is a valuable skill for your students). In fact you can do this for each of the different reaction schemes described on the activity sheet, placing the data for different reaction schemes onto different Excel worksheets. The starting quantities prior to the first time step for each run of the reaction are not included in the plot data, so you will need to add a row with these starting quantities within Excel.

· The Conversions plot window doesn’t really become interesting until you get to the reversible reactions (starting with reaction #4). For irreversible reactions, the Conversions plot looks nearly identical to the Reaction Progress plot. When you enable the reverse reaction (by giving “hat_off_chance” a non-zero value), you will see the number of conversions continue to increase even after the numbers of agents of different types have reached equilibrium.

Reproducing the reactions by setting the chance properties: 

· Chance property values are set to integer values between 0 and 6 to reflect the fact that in the classroom activity dice are rolled to see if an event happens. 

· For example, the property called “hat_on_chance” is set to the value 2 to reflect the fact that, for this reaction, two faces of the die result in putting on the hat. This value is converted to a percentage by multiplying by 16.67 (=100/6) so that it can be used by AgentSheets to evaluate the roll. 

· For reaction #2 in the classroom activity values of 1,2,3, or 4 cause the student to put his or her hat on, so set the value of “hat_on_chance” to 4.

· The model isn’t set up to reproduce the reactions with fixed rates (reactions 3 and 6). If you figure out a way to model those reactions, please let us know.

· For reaction #4: hat_on_chance = 3, hat_off_chance = 1

· For reaction #5: hat_on_chance = 2, hat_off_chance = 4

· For reaction #7: hat_on_chance = 2, hat_off_chance = 2, hand_up_chance = 2

Model Details:

Agents:

People (“Hatless”) – This category was named “Hatless” for it’s first depiction of an individual that isn’t wearing a hat. There are two other depictions that represent someone wearing a hat, called “With_Hat”, and someone wearing a hat with their hand raised, called “Hand_up”. This third depiction will only be used if the “hand_up_chance” property has a non-zero value.

Background – This is just a boring inert background agent. It has no behaviors, but it is used to define the area in which action can take place in the model. When the 

Counter – On each time step this agent resets the counts of all the people agents then broadcasts a message to the “Hatless” (all the people) agents, that causes them to count themselves.

Simulation Properties:

Counts:

· hat_off_count – tally of Hatless agents of the Hatless type

· hat_on_count – tally of Hatless agents of the With_Hat type

· hand_up_count  – tally of Hatless agents of the Hand_Up type

Chances:

· hat_on_chance - 

· hat_off_chance - 

· hand_up_chance - 

· hand_down_chance - 

Conversions:

· hatifications – tally of the number of times any Hatless agent has changed into a With_Hat agent

· dehatifications -  – tally of the number of times any With_Hat agent has changed into a Hatless agent

Diffusion – if this property is given a positive, non-zero value then agents that haven’t transformed on a time-step will take a random movement step

Behaviors:

Hatless 

While running:

· Check for conditions that mean that activity can’t continue, and stop the simulation

· Evaluate transformations for each person agent. For example: 

· If 

· I see that I’m “Hatless”, 

· with percent chance (@hat_on_chance * 16.67)

· Then

· Change myself into “With_Hat”

· Set @hatifications = @hatifications + 1

· If diffusion is turned on, then move randomly on background

On census

· Each agent adds itself to the tally for it’s depiction. For example: 

· If I see that I am a “Hatless”, 

· then hat_off_count = hat_off_count +1

Counter

While running:

· Resets the counts of all the people agents, then broadcasts a message to the “Hatless” (all the people) agents that causes them to count themselves.

Projects and Activities:

Activities and projects:

· This model is based on the Party Hat Chemistry classroom activity, which includes a number of questions relating to rates and equilibrium for various reaction settings. 

· The Chemical Kinetics Exercise has been developed to explore equilibrium behavior and derive a version of the Law of Mass Action. It is intended for use with the AgentSheets First-Order Chemical Kinetics model, but can be used with the Party Hat Chemistry model in a straightforward way.

· Students can build a larger worksheet that includes more person agents. Students can then repeat the reactions in which conversions occur randomly (1,2,4,5,7) they can see if their predictions are more or less accurate with a larger population.

Advanced activities:

· Advanced students could be given the assignment to derive an expression for the equilibrium amounts in reaction schemes involving more than two states. For example, A ( B ( C, or with branching, where B( D as well.

· Advanced students could modify the model so that when two hatless agents come together (diffusion will need to be on) there is some chance that one or both of them will put their hat on (second-order reaction).

