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Sunscreens & Sunlight Animations: 
Teacher Instructions & Answer Key
This animation worksheet is best used as an in class activity with small groups in order to give students a chance to discuss the different things they notice in the animations. If you have a limited amount of in-class time you may want to do it as a whole class activity or assign it for homework (if all your students have access to the internet) with a follow-up class discussion.

Important: These models are meant to provoke questions and start a discussion about how the scattering mechanism works as well as about the process of making decisions about how to represent things in models. They are not perfect and are not meant to be shown to students simply as an example of “what happens”.  

Introduction

There are many factors that people take into account when choosing which sunscreen to use and how much to apply. Two of the most important factors that people consider are the ability to block UV and the visual appearance of the sunscreen (due to the interaction with visible light). You are about to see three animations that are models of what happens when sunlight (both UV and visible rays) shine on:

· Skin without any sunscreen

· Skin protected by 200 nm ZnO particle sunscreen

· Skin protected by 30 nm ZnO particle sunscreen

Open the animation file as instructed by your teacher and explore the animations for different sunscreen and light ray options. Then choose the sunscreen option and wavelength(s) of light as indicated to answer the following questions.

Viewing the Animations Online: 
To view the animations, have your students navigate to the Clear Sunscreen Animation web page at http://nanosense.org/activities/clearsunscreen/sunscreenanimation.html
Downloading the Animations: 
If you have a slow Internet connection or want to have a copy of the animation on your computers for offline viewing, go to the Clear Sunscreen Materials web page at http://nanosense.org/activities/clearsunscreen/ and download the files “sunscreenanimation.html” and “sunscreenanimation.swf” to the same folder. To view the animation, simply open the file “sunscreenanimation.html” in your web browser.

Questions

Questions 1 - 2 look at the effects of the UV rays. 

Questions 3 – 7 look at the effects of the visible rays.

Questions 8 – 9 ask “what if” questions about changing the animation.

Question 10 asks students to consider the tradeoffs, strengths and limitations of the animations as a model of the interaction of light and sunscreens.

1. Select the UVA and UVB wavelengths of light with no sunscreen and click the play button. 

a. What happens to the skin when the UV light reaches it?

The skin is damaged.

b. How is the damage caused by the UVA rays different from the damage caused by the UVB rays? (You may want to play the animation with just UVA or UVB selected to answer this question)

In the animation UVB light causes a burn on the skin’s surface and UVA light causes the breakdown in skin fibers deeper in the skin that cause premature aging.

c. Based on what you know about the different energies of UVA and UVB light why do you think this might happen?

The UVB light causes more immediate damage to the first cells it encounters because it is high energy. The UVA light is lower in energy and can penetrate deeper into the skin before it does damage.

Both UVB and UVA light also can lead to DNA mutations that cause cancer which is not shown in the animation.

2. Now leave UVA and UVB light selected and try playing the animation first with the 30 nm ZnO sunscreen and then with the 200 nm ZnO sunscreen.

a. What kind of sunscreen ingredients are shown in each animations?

The 30 nm ZnO is a nanosized inorganic ingredient.

The 200 nm ZnO sunscreen is a traditional inorganic ingredient.

b. What happens to the UV light in the animation of 30 nm ZnO particle sunscreen? 

The UV light is completely blocked via absorption.

c. What happens to the UV light in the animation of 200 nm ZnO particle sunscreen? 

The UV light is completely blocked via absorption.

d. Is there any difference in how the UV light interacts with the 30 nm ZnO particles versus the 200 nm ZnO particles? Explain why this is so based on your understanding of how the sunscreens work to block UV light.

There is no difference in how the 30 nm and 200 nm ZnO particles interact with the UV light. This is because absorption depends on the energy levels in the substance which are primarily determined by the substance’s chemical identity, not the size of the particle.

e. Is there any difference in how the two kinds of UV light interact with the sunscreens? Explain why this is so based on your understanding of how the sunscreens work to block UV light

Both UVA and UVB light are fully absorbed because ZnO absorbs strongly for all wavelengths less than ~380 nm. 

Students may point out that wavelengths of 380-400 nm are UVA light that might not be absorbed. This is true and can be discussed at part of the final questions which address the limitations of using models.

3. Select the visible light option and play the animation for each of the sunscreen conditions. What happens to the visible light in each animation and what does the observer see?

a. Skin without any sunscreen

The photons of light pass through the air to the skin. At the skin’s surface, most of the blue-green (~400-550 nm) wavelengths of light are absorbed by pigments in the skin, while the red-orange-yellow (~550-700 nm) wavelengths of light are reflected and reach the observer’s eye. The observer sees the surface of the skin. (Different skin colors are caused by different amounts and types of the skin pigment melanin.)

b. Skin with 200 nm ZnO particles sunscreen

The photons of light pass through the air and are refracted (bent) as they enter the sunscreen. They are then scattered by the ZnO particles multiple times until they emerge from the sunscreen and are again refracted (bent). Since large particles of ZnO scatter all wavelengths of light equally, all of the different photon wavelengths reach the observer who sees an opaque white surface. (Note that even though the animation shows the different colored photons reaching the observer at different times, in reality there are many photons of each color reaching the observer at the same time.)

c. Skin with 30 nm ZnO particle sunscreen

The photons of light pass through the air and are refracted (bent) as they enter the sunscreen. They pass through ZnO particles without being scattered and at the skin’s surface, most of the blue-green (~400-550 nm) wavelengths of light are absorbed by pigments in the skin, while the red-orange-yellow (~550-700 nm) wavelengths of light are reflected. They then pass through the sunscreen again and are refracted (bent) when they pass to the air before they reach the observer’s eye. The observer sees the surface of the skin and we say that the sunscreen is “clear”. 

4. What determines what the observer sees? (Do they see the skin or the sunscreen? What color do they see?)

You see whatever substance the light touched last before it reaches your eye.

The color is determined by which wavelengths of light are absorbed and which are reflected or scattered.

5. How does scattering affect what the observer sees?

In the no sunscreen and the 30 nm ZnO animations the light doesn’t scatter. Without scattering, the light that reaches the observer’s eyes is the light reflected by the skin (which passes through the sunscreen without being changed) so this is what they see. Since the pigments in the skin absorb blue-green light, skin generally has a reddish color. 

When the light scatters (in the 200 nm ZnO animation), the light reaching the observers eyes is reflected off of the ZnO particles so this is what they see. Since the ZnO scatters (and thus reflects) all wavelengths of light equally, it appears white. 

6. What variables don’t change between the two animations with sunscreens?

The sunscreen solvent, the thickness of the sunscreen layer, the wavelengths of the photons, the identity of the sunscreen’s active ingredient, the approximate concentration of the ZnO particles (by weight)

7. What variable determines if the visible light scatters or not?

The size of the ZnO particles compared to the wavelength of light. Maximum scattering occurs when the particle diameter is one half the wavelength of light (~300 nm for visible light). For particles much smaller than this (e.g. 50 nm), there is very little scattering.

8. What would happen if we applied the large particle sunscreen in a layer only half as thick as the one shown? How would this affect its appearance? How would it affect its UV blocking ability?

Appearance: There will be less ZnO particles to scatter the light and so some of the photons will reach the skin layer. The sunscreen would not appear fully white but semi-transparent (you would see the skin but it would have a whitish color). 

Blocking Ability: Because there are less ZnO particles, the sunscreen won’t be as effective at blocking UV.
9. What would happen if the observer (eye) moved 3 steps to the left to look at the skin?

Only 5 photons are shown in each animation, but in reality there are many more photons involved both entering and leaving the sunscreen at different angles. Thus there are many photons that never reach the eye of the specific observer shown in the animations. If the observer moves to a new position, they will have different photons reach their eye, but the appearance of the skin / sunscreen remains the same.

10. When we make a model (such as these animations) we make tradeoffs between depicting the phenomenon as accurately as possible and simplifying it to show the key principles involved. 
a. Are the different elements of the animation drawn on the same size scale? If not, which ones aren’t? How do these affect the animation’s ability to depict the scattering mechanism? Which elements in the animation are really on or close to the nanoscale? Which are on the macroscale? Which are on the cosmic scale?

To Scale: Wavelength of light and ZnO particle size (this is a key relationship)

Not to Scale: Eye of observer (this is done to show what is seen, but important to note that there are many more photons than shown in the animation and most of them don’t reach the observer’s eye)

Nanoscale: ZnO particles, photons

Macroscale: Skin, sunscreen lotion, observer

Cosmic Scale: Sun

b. What are some other ways these animations have simplified the model of the real world situation they describe?

Example Simplifications:

· The UVA and UVB light is shown as two identical photons when in reality there are many more photons involved.

· The wavelength of the two photons of UVA and UVB light is shown to be the same when in reality each of these kinds of lights represents a range of wavelengths.

· The ZnO particles are shown as “solid” balls when in reality they are clusters of ions.

· All of the ZnO particles are shown to be the same size, but whenever the particles are produced in reality there is a distribution of particles sizes.

· The damage of the UV rays to the skin doesn’t shown the DNA mutations which lead to cancer because of the size and time scale involved.

· The sunscreen solvent is a pale yellow, but it should be clear since it does not scatter (or absorb) light. How else could this be shown in the animations?
c. What are some of the benefits of making a simplified model? What are some of the drawbacks?

Benefits: Easier to see the core of what is going on for particular aspects of the phenomenon; can highlight one particular aspect you want to focus on.

Drawbacks: Viewers won’t realize what details are missing and may develop misconceptions about the phenomenon; viewers may also not realize the true complexity of the phenomenon and think that it is simpler than it actually is. There is a tradeoff between realism, precision and generality.
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