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Overview

In this activity your students will create animations that show how UV and visible light interact with “large” and nano-sized zinc oxide particles. The process of making the many design decisions needed to create the animations will stimulate your students to consider the absorption and scattering processes in depth. Having them work in groups will enhance the activity since they will need to discuss and reconcile their different conceptions of the process. Even if your students have seen scattering animations before, the process of making one will give them the opportunity to integrate and solidify their understanding of the process. 

Important: It is very important to review student animations with the whole class at the end of the project so that any parts of the animations that represent the phenomenon incorrectly can be identified and student misconceptions can be corrected. Student will also get to see how the same phenomenon can be represented in multiple ways.

Note: Your students should not have access to an existing scattering animation while they create their own, since this will cause them to replicate existing features without making their own design decisions.
Sunsol, the prominent sunscreen maker, has just decided to launch a new product into the market. The sunscreen will use a zinc oxide (ZnO) nanopowder as its only active ingredient, and will be formulated to go on clear and non-greasy. Sunsol is very excited about its new product, and wants to launch a full ad campaign to promote it to consumers who may not be familiar with the idea of a clear sunscreen that offers full spectrum protection. 

Sunsol feels that it is very important for their potential customers to understand both how ZnO interacts with light to protect people’s skin and how the size of the particles affects the sunscreen’s appearance. For this reason, they have decided that the ad campaign should center on an animated commercial that shows how traditional ZnO and ZnO nanopowders interact with UV and visible light.

Sunsol has invited several creative teams––including yours––to use the ChemSense Animator to create animations showing how the different sized ZnO particles suspended in the sunscreen will scatter visible light differently. 

The Request
Sunsol is requesting a total of 4 animations:

1. Sunscreen with ~50 nm ZnO particles interacting with UV light.
2. Sunscreen with ~50 nm ZnO particles interacting with visible light.
3. Sunscreen with ~300 nm ZnO particles interacting with UV light.
4. Sunscreen with ~300 nm ZnO particles interacting with visible light. 
Your teacher will put you in teams and let you know which of the animations you should work on.

Note: Groups of 2-3 students work well for this assignment. 

Animation Matrix
	
	UV light
	Visible Light

	50 nm ZnO particles
	1
	2

	300 nm ZnO particles
	3
	4


Note: The animations differ in difficulty as follows: 

1. Easy (All UV light is absorbed) 

2. Difficult (No visible light is scattered; skin absorbs blue/green light, skin appears skin colored) 

3. Easy (All UV light is absorbed)

4. Medium (All visible light is scattered, skin appears white)

If time allows, you may want to assign groups to work on both the UV and visible animations for a given size particle (e.g. Animations 1 & 2 or 3 & 4)

Requirements

Discuss the requirements and student version of the rubric together.

All animations should contain the following elements:

· A light source (the sun) 

· A skin surface with sunscreen lotion applied

· ZnO particles of the required size suspended in the lotion
· A minimum of 10 frames

The UV light animations should also include:

· At least 2 UVA and 2 UVB  light rays interacting with the ZnO particles (and skin when appropriate)

· All relevant blocking mechanisms for the ZnO particles in the sunscreen

The visible light animations should also include:

· At least 5 visible light rays interacting with the ZnO particles (and skin when appropriate)

· A human observer and an indication of what the they see

Things to consider in your animation
· How thick will the sunscreen be applied?

· What concentration of particles will the sunscreen have?
· How will you show the different blocking mechanisms?

· How will you indicate what the human observer sees?

Evaluation

Sunsol will evaluate the animations based on the following criteria:

· All required elements are present and accurately depicted

· Animations show correct interaction of light rays with ZnO particles (and skin)

· All relevant blocking mechanisms shown (UV light only)

· Animations clearly indicate what the observer sees and why (Visible light only)

· All team member contributed and worked together to produce the animations

Discussion

Important: Your student’s animations are models of the scattering phenomenon. In creating them, your students will have made tradeoffs between realism, simplicity, precision and generality. It is important to have your students share their animations and discuss the advantages and limitations of each model (as well as aspects that are inaccurately depicted) so that they do not develop misconceptions about scattering. 

Questions to answer about each model:

· How does this model show absorption / scattering?

· How does this model show what the observer sees?

· What are its strengths? (What aspects of scattering does it show particularly well?)

· What are its limitations? (What aspects of scattering are not shown well?)

· Is there anything that seems inaccurately depicted?

· What could be done (within the structure of the animation) to address some of these limitations?

Questions to answer about the group of models as a whole:

· What do the different animations have in common? How do they show things in similar ways?

· What things do the animations show in different ways? Are different animations better at showing different aspects of the phenomenon?

· If different models can be used to represent a phenomenon, how do we know which one is “better”? (Models which best align with or represent the empirical data we have are better.)

Rubric for Ad Campaign Evaluation – UV Light Animations
	Category
	Novice 

(1)

Absent, missing or confused
	Apprentice (2)

Partially developed
	Skilled 

(3)

Adequately developed
	Masterful (4)

Fully developed

	Required Elements

· Light source

· Skin surface

· Sunscreen lotion 

· Suspended ZnO particles 

· 2 + UVA rays

· 2 + UVB rays
· 10 + frames
	0 - 2 of the required elements are present.
	3 - 4 of the required elements are present.
	5 – 6 of the required elements are present.
	All 7 required elements are present.

	
	Few of the required elements are accurately depicted.
	Some of the required elements are accurately depicted.
	Most of the required elements are accurately depicted.
	All of the required elements are accurately depicted.

	Interactions of light rays with ZnO particles (and skin when appropriate) correctly shown
	Few or no key aspects of the interaction are correctly shown.
	Some aspects of the interaction are correctly shown.
	Most key aspects of the interaction are correctly shown.
	All key aspects of the interaction are correctly shown.

	50 nm: 

· All light is only absorbed

· UVA / UVB interact the same
	300 nm: 

· Light is both absorbed and scattered 
· UVA / UVB interact the same
	
	
	
	

	All relevant blocking mechanisms correctly shown
	Few or no key aspects of the blocking mechanism are correctly shown.
	Some key aspects of the blocking mechanism are correctly shown.
	Most key aspects of the blocking mechanism are correctly shown.
	All key aspects of the blocking mechanism are correctly shown.

	50 and 300 nm:
· Absorption shows light energy being captured by ZnO particles
	300 nm only: 

· Scattering shows light being redirected in multiple directions
	
	
	
	

	Teamwork

· All team members contributed significantly to the project

· Group worked together to manage problems as a team


	Few team members contributed to the project.
	Some team members contributed to the project.
	Most team members contributed to the project.
	All team members contributed to the project.

	
	Group did not address the problems encountered.
	Group did not manage problems effectively.
	Problems in the group managed by one or two individuals.
	Group worked together to solve problems.


Rubric for Ad Campaign Evaluation – Visible Light Animations
	Category
	Novice 

(1)

Absent, missing or confused
	Apprentice (2)

Partially developed
	Skilled 

(3)

Adequately developed
	Masterful (4)

Fully developed

	Required Elements

· Light source

· Human observer

· Skin surface

· Sunscreen lotion 

· Suspended ZnO particles 

· 5 + visible light rays 

· 10 + frames
	0 - 2 of the required elements are present.
	3 - 4 of the required elements are present.
	5 – 6 of the required elements are present.
	All 7 required elements are present.

	
	Few of the required elements are accurately depicted.
	Some of the required elements are accurately depicted.
	Most of the required elements are accurately depicted.
	All of the required elements are accurately depicted.

	Interactions of light rays with ZnO particles (and skin when appropriate) correctly shown
	Few or no key aspects of the interaction are correctly shown.
	Some aspects of the interaction are correctly shown.
	Most key aspects of the interaction are correctly shown.
	All key aspects of the interaction are correctly shown.

	50 nm: 

· No scattering

· Blue/green light absorbed by skin
	· Few or no key aspects of the observer’s view are correctly shown.
	
	
	
	

	What the observer sees and why they see is correctly shown
	Few or no key aspects of the observer’s view are correctly shown.
	Some key aspects of the observer’s view are correctly shown.
	Most key aspects of the observer’s view are correctly shown.
	All key aspects of the observer’s view are correctly shown.

	50 nm: 

· Skin

· Peach/Brown color
	300 nm: 

· Sunscreen

· White color
	
	
	
	

	Teamwork

· All team members contributed significantly to the project

· Group worked together to manage problems as a team


	Few team members contributed to the project.
	Some team members contributed to the project.
	Most team members contributed to the project.
	All team members contributed to the project.

	
	Group did not address the problems encountered.
	Group did not manage problems effectively.
	Problems in the group managed by one or two individuals.
	Group worked together to solve problems.
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