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Standard/Indicator

7.3.12 
Investigate how the temperature and acidity of a solution influences the reaction rates, such as those involved in food spoilage.


Objective

Students will be able to describe the effects of the temperature of a solution on reaction rates and support their thinking using data from the investigation.

Guiding Question
How does the temperature of a solution affect a reaction rate?

Pre-planning


This lesson will have students investigating the effect of temperature on a simple chemical reaction, effervescent tablets bubbling in water. (Be sure to use uncoated tablets.) The students will design an experiment to test their hypotheses and gather data to create and support their conclusions. We will provide students with warm water, cold water, and room-temperature tap water. Students will have access to various probes, including the temperature probe. We expect students will measure the temperature of the different samples of water before adding the tablets. We will have a discussion with students about what they think those bubbles are prior to letting them design and conduct their experiments. Some may choose to measure CO2 as well, after this discussion. 


Students will need to have a background in how to use these probes. In particular, if they want to use the CO2 gas sensor, they need to know that it takes some time to return to normal after a significant rise in CO2. They also need to know that it cannot be submersed in liquid or get wet.

GI Matrix

D

Learner engages in scientific questions (From local to global questions.)

A

Learner gives priority to evidence

A

Learner formulates answers based upon evidence

C

Learner connects learning to other scientific information 

A

Learner communicates and justifies conclusions

The Lesson

Hook/Anticipatory Set

We will have 2 test tubes, one with cold water and one with very warm water. We will show students that they both have the same amount of water, but not tell them about the temperature. We will drop an equal-sized piece of effervescent tablet in each and quickly put a balloon over the top Students will observe that the balloons will inflate, but at different rates. Students will go back to the classroom to record their observations and discuss in their groups what they think happened. 

We will have a discussion with the class. Some leading questions are: What happened and why? Students should figure out that the tablets cause bubbling. This causes the balloons to inflate. What is happening to make this bubbling? We will lead the students to understand that this is evidence of a chemical reaction. What are these bubbles? How do we know? We will lead the students to decide that they could use CO2 and O2 sensors to determine if one or both of those gases are being produced. Then we will demonstrate with those sensors. This could be done in a prior lab if time allows, but we are doing this as a demonstration to fit in the time. With indicator 6.3.18, students could have done the investigation of these reactions already.

The challenge is to hypothesize what was different about the two containers. Then they will design an experiment to collect data to determine whether their hypothesis was correct or not. (We should remind students that it is OK if they discover that their hypothesis is incorrect.) We will tell students to think about different probes that they might use and remind them that they can use more than one probe at a time. We should have a discussion of control of variables. We will also lead students to the idea of doing at least 3 temperatures.

Materials Provided
Vernier Labquest



Temperature probe

400 mL beaker



Ice water

Room-temperature water


Warm/hot water

Effervescent tablets



CO2 gas sensor and O2 gas sensor

pH probe




Ring stands and clamps

Procedures

Students will generate hypotheses.

Students will design their experiments and get them approved before continuing.

Class will discuss procedures of how they set up experiment. Come to consensus of when to take measurements/collect data.

Investigation

· 
Steps and Data Planning

o 
Be sure your group understands and agrees upon which data you plan to collect. (You’ll need to keep all of your data.)

o 
As a group, determine the steps you will follow to determine effect of temperature on the rate of reaction. Then EACH person should record the steps into his/her notebook.

· 
Conduct your investigation

o 
Follow your steps.

o 
Collect your data.

Analysis

· 
As a group, determine what effect temperature had on the rate of reaction. Each person should record in his/her notebook. One person should record on the white board.

· 
Each person should write which data supports your conclusions about each sample. 

· 
What questions do you have about this experiment?

· 
How could you extend this investigation or take it further? What other reactions do you know of that we could use?

· 
What applications might this have to real life?

Publishing

Students will report, on white boards, their conclusions with the evidence and the sensors that they used. They will organize their data in a table of temperature and time taken for the tablets to dissolve. They will write an exit card of what questions they have and ideas for extending this investigation or taking it further. This could be on the board/overhead. We will look at the boards and address anything that we feel necessary. Particularly, we will discuss any discrepancies in conclusions. Students should also graph their results. 

Extensions

Some ways to take this further are as follows:

· 
to test for CO2 vs. O2 for the bubbles (could actually be done previously) This could also include Efferdent, which produces O2, rather than CO2.

· 
to test for how acids affect chemical reactions

· 
to test for how dissolved matter affects reaction rates

· 
explore the effect of temperature on other reactions

· 
discuss whether this has any connection to why refrigerate or cook food

· 
design and conduct a further experiment

· 
Do you think it is safe just to mix things together without any idea what might happen? How can you tell if it would be safe to mix chemicals?

