Rate of Reaction Investigation
Background

In order for a chemical reaction to occur, the reactant molecules (the term “reactant” means “starting materials”) must collide with each other.   These collisions must be energetic.  If there isn’t enough energy in the collisions to break the chemical bonds within the reactant molecules, the reaction will not occur.  Try to create a mental picture of two different types of molecules colliding.  The rate of the reaction will be fast or slow, depending on how many collisions occur and how much energy the molecules have when they collide.  If you need help understanding this, try searching the internet under the topics of   “collision theory” or “reaction rate” theory.
Purpose

In this activity, your lab team will create an experiment in which you investigate some variable that affects the rate of reaction between vinegar and baking soda (the reactants). 
As a group, you will be expected to design and conduct the experiment, write a lab report, and give an oral presentation of the experiment to the class.

Prelab Exercise
In order that you may better understand the reaction, you should conduct ONE trial prior to the process of designing your experiment.  Once this is completed, you will be asked to leave the lab bench.  
Step 1. Obtain a stopwatch or graphing calculator with the timer program.  Practice starting and stopping the timer until you feel comfortable.  You will only have one chance to time the reaction, so practice this skill ahead of time.

Step 2.  Measure out 20 mL of vinegar into the 100 mL graduated cylinder.  Add one drop of liquid soap.  Stir to mix.
Step 3   Measure out 1.0 gram of baking soda in the plastic cup.  Add 25 mL of water.  Stir to mix.  Using the syringe, draw up 20 mL of this solution.  

Step 4  Prepare the timer device.  The baking soda solution will be dispensed from the syringe.  The time required for the foam to reach the top of the graduated cylinder will be measured. 

Step 5  Clean up your lab area.  You and your partners must write up an experimental procedure  before the next session of class.  Be sure to clearly identify you independent variable, dependent variable, and all conditions that will be controlled.

Materials
Each lab station will be equipped with the following items

100 mL graduated cylinder 

Triple beam balance

3 disposable plastic cups (3 oz size)

25 mL plastic syringe

Bottle of Dawn dishwashing detergent

1 small box of baking soda

Small bottle of vinegar

Metal spatula

Stirring rod

Plastic cafeteria tray for containing the mess

Stopwatch or graphing calculator with timer program

Cloth or paper towels
As needed, the following materials will be provided if requested. 
Ice

Hot plate

TI-84 with temperature probe

100 mL beaker

Beaker tongs or hot mitt
Things to consider when designing an experiment  

You must choose the independent variable that you want to investigate. This is the variable your group will manipulate as you investigate.   Once you decide on the variable, it is the ONLY thing that will change from trial to trial.  All other factors must be maintained or controlled, otherwise the experiment will be inconclusive.   You may select any one of the following as your independent variable

 a.  changing the relative amounts  of vinegar to water in the 20 mL of vinegar.

 b.  changing the amount of baking soda dissolved in the 25 mL of water.
 c.  changing the temperature of the vinegar solution

 d.  changing the temperature of the baking soda solution

 e.  changing the number of drops of liquid soap added

 f.   conducting trials of the experiment with soap versus without soap

 g.  any other factor that you feel is worth investigating. 

You must have a dependant variable. This is a measure of how the system responds to what is being manipulated.   In this experiment, it would be easy to measure how long it takes to fill the graduated cylinder with foam from the reaction using a stopwatch or timer. Alternatively, you could measure how high the foam rises in the cylinder.  Select one of these as the dependent variable for your experiment.  
Finally, you must think about any other factors that might influence how fast the reaction runs.  In designing the experiment, you must identify the conditions that will need to be considered in order to control the outcome.  State any conditions that you are going to try to maintain from one trial to the next.  This is known as identifying the experimental controls.  

Develop a hypothesis (an educated guess).   For this experiment, you might write your hypothesis as an if/then statement.

If __(state the independent variable)__ is changed, then it is predicted that ___(describe the dependent variable)____________ will occur.   Add a sentence or two after the hypothesis state explaining the logic behind the prediction.  After all , this is an educated, not a wild guess!
You must create some method of organizing the things you measure, i.e. data tables. 
You must record what you did in the experiment, step by step.   This is called the procedure.  If time allows, conduct each trial twice. 
 You must analyze the data in order to draw meaning from it.  In this experiment, you will be required to make a graph.  The independent variable is always plotted on the x-axis (L1).  The dependant variable is plotted on the y-axis (L2).  The axis of the graph must be clearly labeled, with units.  The graph should have a title.  If the graph is linear, find the equation of the line of best fit and write the equation on the graph.  If the data points create a curve, try fitting the graph with a power regression. 
The conclusion section is probably the most important part of the report.

1.  State the outcome.  In general, what happened in the experiment?  What is the relationship between the independent variable and the dependent variable?
2.  Address the hypothesis.  Was the hypothesis correct or incorrect?  

3.  What errors might have occurred?

4.  What could be done to improve the experiment? 

Grading Rubric for Project

(1 pt)-The typed report has a meaningful title

(1 )Report lists the names of everyone in the group

(5)The independent variable is stated.
(5)The dependent variable is stated.  The way the change is being measured is clearly explained. 
(2)At least 2 controls are considered and stated.

(5)A hypothesis is clearly stated.
(2)At least two sentences of explanation/theory follow the hypothesis, so that it appears to be a thoughtful or educated guess.

(3)All equipment and materials are listed. 

(3)An experimental diagram is included. (hand drawn or imported as a picture file) )

(10)The procedure is written as a series of clear, complete steps.

(5)The experiment was replicated  (two trials were  conducted).

(5)The data tables are neat.

(5)The data tables have headings that are labeled and indicate the units of measurement.

(5)A graph is included.  The independent variable is on the x-axis, the dependent variable is on the y-axis.  

(3)A line of best fit or curve is drawn on the graph showing the data trend.

(4)The conclusion paragraph states the outcome of the experiment. 
(4)The conclusion tells what was learned about the relationship between the independent and dependent variable.

(4)The conclusion includes a sentence that addresses the hypothesis.

(4)The conclusion considers several possible sources of valid error.

(4)The experiment ends with suggestions for improvements. 

(15)The oral presentation by the group is executed well.

(5)The oral presentation includes an overhead or projection of the graphed data.

100 points total

