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	Overview

This lesson will introduce the common polyatomic ions that are required to be recognized by students for the SOL. Water quality test will be incorporated for students to gain valuable laboratory skills and on-site laboratory skills using traditional methods and probeware methods. Traditional laboratory and probeware methods are required to be understood by the students for the SOL. STEM will be incorporated by the use of Lego robots. This lesson requires students to be outside of the classroom at a water source near the school.



	Grades 
11th & 12th


	Time Allotment
Five 50 minute periods


	Learning Objectives
On completion of this lesson students will:

· Recognize common polyatomic ions
· Recognize the charges related to polyatomic ions

· Comprehend that polyatomic ions form compounds by ionic bonding.
· Be able to name compounds containing polyatomic ions. 

· Practice traditional laboratory skills

· Practice on-site laboratory skills

· Utilize probeware laboratory skills

· Build and program Lego robots to perform water quality testing

This lesson addresses Va. SOLs 

· CH 1 a, b, c, d, e, f, g

· CH 2 a, c, d



	Media Components
· LCD Projector
· Desktop or Laptop

· Vernier Lab Pro

· Vernier Probes (Nitrate, Nitrite, Sulfate, Sulfite, Ammonia, pH, & dissolved oxygen) 

· Vernier Software

· Microsoft Powerpoint

· TI-83 Calculators

· TI-Navigator

· Lego Robot Kit

· Mindstorm Program for Lego Robots


	Materials and Student Handouts
· List of Top 30 Common Polyatomic Ions
Materials and Student Handouts Continued
· Nitrate/Nitrite Ion Test Kit

· Sulfate/Sulfite Ion Test Kit

· Phosphate/Phosphite Ion Test Kit

· Ammonium Test Kit
· Iron(II)/Iron(III) Test Kit

· Copper(I)/Copper(II) Test Kit

· Thermometer

· pH paper

· Buffer Solution pH 4 (For the calibration of pH probeware)
· Buffer Solution pH 7 (For the calibration of pH probeware)
· Plastic Test Tubes with Lids

· Data Sheet 1, 2, 3, & 4

· Polyatomic Ion Test


	Teacher Preparations
· Print List of Common Polyatomic Ions Handout
· Print Bell Ringer

· Print Data Sheet 1
· Print Data Sheet 2

· Print Data Sheet 3

· Print Data Sheet 4

· Print Polyatomic Ion Test

· Put together backpack/tub with all test kits, calculators, pH paper, and thermometers for groups of three or more. Each backpack/tub should include pH strips, Ammonium test, Nitrate/Nitrite test kits, Sulfate/Sulfite test kits, Phosphate/Phosphite test kits Iron(II)/Iron(III) test kits, Copper(I)/Copper(II) test kits thermometer, calculator, and six plastic test tubes with lids. 
· Set up Vernier hardware and software to desktop computers/laptops.

· Set up desktop computer/laptop to LCD projector.

· Have buffer solutions ready to use with probeware.

· Set up Lego robot kits in computer lab

· Install Mindstorm program on all computers


	Introductory Activity 1
1. Focus: Ask students “What makes water hard?”
    Activity: Students have five minutes to discuss with partner and write down answer.
    Follow-up: Instructor tells students that hard-water has polyatomic and monatomic ions dissolved in it.


Introductory Activity 2
1. Focus:    “Ask students, How would you investigate a water source that is overcome with pollution due extreme mining?”

2. Activity: Discuss the various topics that students suggested. If robots are not suggested by students, then give hints until students come to that conclusion. Discuss how the robot would be equipped to monitor water quality.
    Follow-up: Student will make a plan that with illustrations that would solve the problem above.

	Learning Activities 1
1. Focus: Instructor gives students handout of the common polyatomic ions and describes how we will learn about compounds derived from polyatomic ions, the different charges associated with polyatomic ions, and the nomenclature related to polyatomic ions.
    Activity: Instructor gives twenty-five minute Power Point presentation on compounds derived from polyatomic ions, the different charges associated with polyatomic ions, and the nomenclature related to polyatomic ions. End of first 50 minute lesson.
    Follow-up: Students have a homework/classwork assignment on naming compounds containing polyatomic ions. 
2. Focus: Instructor asks students “How do polyatomic ions end up in water?” After a short discussion among students, instructor elaborates that polyatomic ions may find their way to water by the surrounding minerals, pollution, or bacteria.  
    Activity

· Class is taken to a water source near the school (river, creek, pond, or puddle). Students should be broken into groups of three or more. Each group takes their backpack/tub containing all test kits, thermometers, calculators, test tubes with lids, and pH paper. Each group divides the different water quality tests between themselves and puts the data on the data sheet one. When finished with water quality test groups will take six samples of water and put them into the test tubes with lids. 
· After the class returns to the classroom, the instructor gets the groups into their lab stations. The students will log onto the Vernier software and connect the appropriate probeware for each water quality test. The students will use the probeware to test the water that was collected in the test tubes with lids. The students will record the data onto data sheet two. End of second 50 minute lesson.
    Follow-up: Students are to bring in water samples from home to test the next day.


Learning Activities 2
1. Focus: Tell students, “You need to build the Lego robot and program it to monitor water quality and use the data to make graphs using Microsoft Excel.” “Use your class time wisely!” 

    Activity 1: Students will be working in the lab for one class periods to build and program their robot. 
    Activity 2


· Class is taken to a water source near the school (river, creek, pond, or puddle). Students should be broken into groups of three or more. Each group takes their Lego robot with Vernier probeware. Each group divides the different water quality tests between themselves and gets the robot to get water samples from a water source that is polluted by excess mining. When finished with water quality test groups will take six samples of water and put them into the test tubes with lids. 

· After the class returns to the classroom, the instructor gets the groups into their lab stations. The students will log onto the Vernier software and connect the appropriate probeware for each water quality test. The students will use the probeware to test the water that was collected in the test tubes with lids. The students will record the data onto data sheet two. End of third 50 minute lesson.
Follow-up: Instructor will monitor activities and be available for questions.

	Culminating Activities
1. Focus: Instructor states to students “Make a hypothesis about how the water collected yesterday will compare to the water you collected at home.”
    Activity
· The instructor gets the groups into their lab stations. The students will log onto the Vernier software and connect the appropriate probeware for each water quality test. The students will use the probeware to test the water that was collected from home. The students will record the data onto data sheet three.

· The groups will use the backpacks/tubes and perform the same water quality test on the sample they brought from home. The students will record data onto data sheet four.

· The groups will put the data from data sheets one, two, three, and four into tables on a TI-83 calculator. Table one will stand for data sheet one etc. The groups will take their calculator to the data collector and transfer their data to the TI-Navigator.
    Follow-up: The instructor will compile the data using the TI-Navigator. The instructor will connect the TI-Navigator to a LCD projector. Using the TI-Navigator compare the data from the onsite results to the data from the probeware results. If there are any differences, the instructor will discuss the pros and cons to using traditional laboratory methods and the pros and cons to using probeware laboratory methods. Using the TI-Navigator the instructor will compare the data from the water samples taken onsite to the water samples taken from home. The data will be projected using the LCD projector. Instructor will moderate a discussion on the presence of polyatomic ions present in the water samples from onsite. The instructor will discuss the possible sources of polyatomic ions and their impact on water quality and the environment. Have students discuss their hypothesis compared to the results. End of fourth 50 minute lesson.


	Assessment
· The instructor will give the students a test on the learning objectives listed above. End of fifth 50 minute lesson. 


	Community Connections
· This lesson helps the students to comprehend the importance of water quality and the practical everyday applications including: local water treatment plant, bottled water, local environmental watchdogs, and local commercial water purity retailers.


	Cross-Curricular Extensions
· The data collected can be used in an algebra class to show correlations/relationships graphically between the different water samples. The standards of learning that correlate to this lesson for algebra are: A1, A2, A5, A6, A7, A8, A9, A14, and A15.




	Adaptations (optional)


	About the Author

Kevin Carini resides in the beautiful foothills of Shenandoah Valley where he teaches chemisty, ecology, AP chemistry, and physics at Luray High School. He earned his bachelor of science degree in chemistry and physics at Bridgewater College.
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