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Curriculum created by Jennie Mayer and Daniel Mitchell, Bellevue Community College

Learning Activities For Students

A Proposal for the Best Deicer

The mayor has asked your research group to determine the best deicer for Seattle roads when it snows, while providing some insight for the public on the chemistry involved in how deicing works (an educational component of the project).    

Some concerns that should be addressed: Environmental impact of using deicers on wildlife and the ecosystem, and human safety and cost to the public.  

Part 1:  Background Information

Using resources on the internet or in the library, make a list of pros and cons for using a deicer on winter roads.  What are the environmental and human safety concerns?  What is the cost to the public? What alternatives exist for deicing roads, and what are the pros and cons to their use? What other factors should be considered? Split up the search to be efficient with time.  Report your findings below.

Part 2: Educational Research

A colligative properties simulation

This simulation will help you determine the effect of different solutes on boiling and freezing points: http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/propOfSoln/colligative.html.  
Once you learn about colligative properties, you will be able to explain it to the public.  

Directions:  Use the animation to answer the following questions. Select water as the solvent.  Test the effect of adding 10 g of each solute on the freezing point of the solution.  Record your data below, as you will be doing some calculations in answering the questions.
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Questions

1.  Describe how the freezing point generally changes by adding a solute.

2.  Per gram of solute, which solution shows the most dramatic change in its freezing point compared to pure solvent?  

3.  Which solution results in the most dramatic change in freezing point per mole of solute?   

4.  Compare the freezing point of solutions (based on moles of solutes used, not grams).  Describe the pattern you see, and explain why it might arise.

5. Which sample would have the lowest freezing point?   Explain.

A) Pure water, B) 1.0 molal NaCl (aq), C) 2.0 molal C12H22O11 (aq) 

6.  Ice usually melts with an increase in temperature.  Explain how ice can melt without applying heat.

7.  Besides the process of de-icing roads, can you think of at least two other real-life applications of freezing point depression?

8.  Read your textbook on freezing point depression and/or use the internet. Craft a paragraph that the lay public will understand about why freezing point depression occurs.

9.  Determine the solubility of your solutes in "cold" water.  Is solubility a concern when choosing a deicer?

Part 3: Experimental Research

Common solutes that are, or could be, used to deice roads:  NaCl, CaCl2, and C12H22O11.  When deicing roads, the heat of solution (the heat evolved or absorbed by mixing the solutes with water) might need to be considered.  Design an experiment you could do in the lab to measure the enthalpy of solution of each of these substances.  Once approved by your instructor, determine the enthalpy of solution for each solution.

Keep a record of your procedure, data, and calculations to present in your report to the mayor.

Materials:    NaCl, CaCl2, C12H22O11, temperature probes, Styrofoam cups, Vernier software, de-ionized water, and any other materials or substances that are available in the stockroom (ask your instructor).
Part 4: Your Team’s Proposal

Have a group meeting to discuss the deicer to recommend to the mayor.  Your decision should be backed up with data/evidence/information that justifies your choice (don’t forget to cite your references!).  You can also mention experiments that were not performed but may provide additional insight.  In your recommendation, list advantages of your choice as well as potential concerns.

Your proposal needs to be organized in the following fashion:

A) Introduction/Background information about current deicing methods.  

B)  Explain the chemistry of freezing point depression and why it occurs with the addition of a solute.

C) Findings from your use of simulations and lab experiments. Include a brief description of your experiments and show your data tables, calculations, and conclusions.

D)  Your team’s recommendation and justification.

E)  Include a bibliography, list of websites, etc… for all sources cited in your proposal.

Assessment 
Criteria for “good work”

-Presents current deicing methods

-Presents the environmental concerns associated with using deicers on roads

-Presents the human impact and cost of using deicers on roads

-Defines colligative properties and states that the freezing point of a solution is lower than that of pure solvent.

-Explains that the addition of solute decreases the freezing point. Provides a plausible explanation for why this occurs. 

-For simulation and lab experiments:


-Presents well-organized data (units, appropriate # of significant figures) 


-Accurate interpretation of the data collected

-The recommendation for the city’s deicer is based on literature and results from simulation/experiments.

-The bibliography is of an appropriate length (at least two sources for each topic) and cited in a format determined by the instructor.  http://tim.thorpeallen.net/Courses/Reference/Citations.html is an example of a resource for scientific citations.

The project (due to its many parts) can lend itself well to frequent, informal assessments that encourage the students to work at a good pace (and not to procrastinate) and provide feedback about their learning goals, both content-wise and pertaining to sustainability.

Possible “quick” assessments (done in teams):  

-After a visit to the library, list 5-10 sources or websites that look promising.  If you’ve already looked at some of them, put an asterisk (*) next to those that you will definitely use in your report.

-List two ways a deicer can damage the environment. Independent from environmental concerns, list two ways a consumer might be negatively affected by the use of a deicer.

-Before doing the simulation, write down a prediction for which solutes will change the freezing point the most and why.  Turn this into your instructor.  After the simulation, compare your results to your prediction.  Revise your prediction and rationale that makes sense of the results you obtained.

-As a pre-lab, think about measuring the heat of solution due to mixing a solute with water.  What equation(s) would you use to determine the heat of solution? What data do you need to collect? What other factors do you need to consider in obtaining accurate results?

-As a post-lab, compare your measured values of the heat of solution to literature values. Calculate a percent error.  Did this experiment provide results that have any bearing your decision for the best deicer?  If so, how?  If not, why not?
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