Build a Molecule: Teacher Guide

Christine Denison, a 5th grade teacher, developed this activity in collaboration with Emily Moore from the PhET team. 
Teacher Guide Includes: Suggestions for how to lead the class through the activity, and some expected outcomes along the way, based on 5th grade classroom use.

Note: This activity is designed as a set of challenges for the students with the activity being more a place for the written work with extensions facilitated by the teacher throughout.

Learning Goals (5th Grade):

1. Describe the difference between a molecule name and chemical formula. 
2. Distinguish between the coefficient and subscript in a chemical formula.

3. Use pictorial representations of molecules to generate chemical formulas. 

Before starting the activity:

To Do: It works well to give students 5-8 minutes to play freely with the sim before starting on the activity. If students are working with partners, let them discuss what they find and any questions they have with their partner(s) or neighbor. This gives the student time to figure out what everything does (so you don’t need to include explicit instructions regarding simulation controls) and increases student ownership over the process of inquiry using the sim as they begin to ask their own questions.

What to Expect: Based on classroom observations using the simulation, in 5 minutes most students will already have begun collecting molecules successfully, while some will have already filled the first collection box and have moved onto filling new collection boxes.

First Tab

Question 1

To Do: The simulation was designed and tested extensively with middle school students so it is likely that your students will need minimal or no instruction as to how to interact with the simulation (what the buttons do, etc).  Instead, you can use the questions in the activity to challenge the students, and then give them a set amount of time to complete the challenge. For example, after allowing them 5 minutes to play freely with the sim, ask them to complete question 1 and give them a few minutes to do this. 

What to Expect: Students typically make molecules successfully very quickly. Question 1 will probably not be a difficult question to answer, and is useful to emphasize that they can make a lot of different molecules and that the name appears above them. 

Question 2

To Do: If your students have not been introduced to the names and formulas, take a few minutes now to introduce the topic, and ask students to compare some examples and perhaps give suggestions as to when the chemical name might be more useful than the formula and vice versa.  Then tell students to complete question 2. When they are done, or you are ready to move on, have student compare names and formulas with a partner, and as part of a class discussion.

What to Expect:

This question was not difficult for the 5th grade class it was designed for. It’s also not important that students fill out the entire table, as long as they fill out 3-4 rows you can move on if you are looking to shorten the activity. Depending on your student’s background, you might want to adjust this question. For example, you might not ask students to draw the molecule, but only compare the name and formula.

Second Tab

Question 3

To Do: Challenge students to figure out how to fill the collection box on this tab. Allow the students some time, 5-10 minutes, to figure this out. Then ask students to explain some examples to the class (what is 2H2O, 4NH3...etc). Then ask the students to complete question 3, which gives more practice with coefficients and subscripts for the students that might not have caught on right away. Quicker students can fill out question 3 and then continue filling up new collection boxes on the second tab.

What to Expect: With the 5th grade class this activity was designed for (who had no prior molecular formula experience) after about 5-10 minutes, the majority of students had figured it out and could explain what the coefficient was. 
Third Tab Challenge

To Do: This tab is great for challenges, so you can adjust the challenge to the appropriate level and learning objective for your students. Start by challenging your students to make the biggest molecule they can. It might help to announce the largest size you find as students work on this (“I see a molecule with four atoms...i see one with 6 atoms. Can anyone make a molecule with more than 6 atoms?”)
When you’re ready to move on, ask students to write down the name and formula of the biggest molecule they created for question 4. 

What to Expect: Students quickly were making 6-7 atom molecules, especially once they heard at least one student had made a molecule with five or more atoms. 
Depending on time, add your own final challenges after this one. You might want to focus on names (compare names of molecules you make) or focus on the atoms that make up the molecules, how they connect together (some atoms only connect with one other atom, others can connect with up to four other atoms), or the different representations they see in the simulation (2 dimensional, pseudo-3D and 3D, ball and stick vs space filling, etc). 

After the Activity:

To Do: Wrap up with a discussion around your specific learning objectives, and a post-lab if you would like students to write and/or practice what they know.
