Step 1/2: Explorations in 

Mathematics and Science Teaching

Title of Lesson: Flame Test
UFTeach Students’ Names: Amber Pettit and Ashlie Kinnaman
Teaching Date and Time: September 28/ 11:55 AM-12:45 PM and 1:45 PM-2:40 PM
Length of Lesson: 50 minutes
Grade / Topic: High School/Chemistry Honors
Source of the Lesson: Amber Pettit and Ashlie Kinnaman

Concepts

The reason certain elements produce different colored flames when they are burned is because atoms release absorbed energy in the form of photons. The thermal energy from the flame excites electrons from a ground or lower energy state to an excited energy state. Since energy cannot be created or destroyed, the energy (can be a photon) that was absorbed has to be emitted as electrons return to the ground state. The energy difference between the excited and ground state is determined by the atomic energy levels, and both the energy difference and energy levels are specific for each atom.

Energy is related to wavelength by Planck’s relationship: E=hc/λ, where h is Planck’s constant, c is the speed of light, and λ is the wavelength. In relation to the emission of photons, electrons that drop to the ground state from a high excited energy state can give off photons of short wavelengths, and a small energy difference can give off photons of long wavelengths.

The visible spectrum exists from about 400 nm to 700 nm. The light that exists at these wavelengths is visible to the naked eye and consists of the colors that people see. From shortest to longest wavelength, the spectrum ranges from violet to red. When certain elements release energy, the wavelength of the photons emitted correspond to certain colors being seen. There are two different types of emitters: atomic, which absorb and emit as free atoms and molecular, which require additional conditions to absorb and emit.

http://accessscience.com/studycenter.aspx?main=17&questionID=4738 
Florida State Standards (NGSSS): 

· Grade 912, SC.912.N.1.3, Big Idea 1: The Practice of Science - Recognize that the strength or usefulness of a scientific claim is evaluated through scientific argumentation, which depends on critical and logical thinking, and the active consideration of alternative scientific explanations to explain the data presented. Cognitive Complexity: Level 1: Recall
· Grade 912, SC.912.P.10.9, Big Idea 10: Energy - Describe the quantization of energy at the atomic level. Cognitive Complexity: Level 2: Basic Application of Skills & Concepts
Performance Objectives
Students will be able to:
· Determine that energy can be emitted in the form of a photon when an electron returns to a ground state from an excited state.

· Identify the relationship between energy and wavelength.

· Determine unknown cations using evidence from flame tests.

· Use evidence claims to identify unknowns and argumentation to strengthen those claims. 
Materials List and Student Handouts


· Chemicals for flame test demo: CH4, CH3OH, Ba2+, Li+, Ca2+, Sr2+, K+, Cu2+, Na+, and “unknowns”

· Watch glasses

· Matches
· Flame test worksheets

· Post Assessment worksheet

Advance Preparations
· Teacher will have to make sure all chemicals are available and enough matches are available.
· Worksheets will be handed out to individual students

· Overhead will have to be checked to make sure it is working.

Safety 

· Students will not need to take any precautions since they will not be handling the chemicals and will observe the colors of the flame at a distance.

· Teachers will need to wear goggles and have hair back when burning the chemicals.
	ENGAGEMENT                                                                                                            Time:_6 minutes__

	What the Teacher Will Do
	Teacher Directions and Probing Questions
	Student Responses and Potential Misconceptions

	Ask questions to gauge the understanding of students

Write answers on the board for the visible light spectrum
	What is the spectrum of light?

Can you give me the visible colors the order they would be in the spectrum?
	[A band of light organized by its different energies, wavelengths and frequencies]

[Purple, blue, green, yellow, orange, red] Students may give the wrong the order or leave colors out

	Write equations on the board
	Which color has the shortest wavelength?

What then would be the frequency and energy?

Why? How would figure out its frequency and energy?
	[Purple] Students might say another color

[Highest frequency and highest energy]

[Gives highest energy using the equation E=hc/λ and highest frequency from ν=c/λ]

	
	What is the relationship between an atom’s electron configuration and atomic emission spectrum?
	[Atoms can give off specific energies of light depending on its configuration of electrons and jumps from one orbital to another]


	EXPLORATION
                                                                                                 Time: __20 minutes___

	What the Teacher Will Do
	Teacher Directions and Probing/Eliciting Questions
	Student Responses and Misconceptions

	Teacher will hand out worksheets to individual students.
	Today, we are going to explore how different elements can produce different colored flames when burned.

These are the worksheets that you will be completing.

We are going to start by only filling in the flame color for each of the elements listed in your worksheets.
	

	Teacher will explain the demo.
	For each of the elements listed in your worksheet, a flame test will be performed. I will place a chemical on a watch glass and light the chemical with a match. You will record the color of the flame on your worksheet under the corresponding element.
	 

	Teacher will light the CH4 in a watch glass.
	For example, let us light methane gas and see what color our flame will be.

Teachers lights methane gas
What color is the flame?

Who knows the formula for methane gas?

If no one knows,
The formula for methane gas is CH4.

So go ahead and record this flame color under CH4 on your worksheet.
	[Blue]

[CH4]

I don’t know

	Teacher will light the other chemicals one at a time and have students record the flame colors.
	I am going to go ahead and light the rest of the chemicals one at a time. After I light the chemical, record the flame color that you observe on your worksheet under the correct element.
	

	Teacher will light the unknowns one at a time and have students record the flame colors.
	In the following two chemicals, we are unsure what the cation is. I am going to light them to see what color flame we get. Record the flame color under the correct unknown. 
	

	Teacher will finish giving directions for the worksheets.
	Now that we have finished with the flame test, go ahead and fill out the rest of the worksheet. In determining the cation for the unknowns, provide evidence for why you chose the specific cation.

“As evidenced by… I think the cation for unknown 1 is… because…”
	

	Teacher will walk around and ask probing questions.
	How many electrons does Ba2+ have?

Li+?

How is energy related to wavelength?
	[54]

56

[2]

3

[E=hc/λ, inversely proportional]


Name: ______________________

Date: ______________________

Flame Test
CH4

Flame color when burned? ____________________________________

CH3OH

Flame color when burned? ____________________________________

Ba2+ ion

Flame color when burned? ____________________________________

How many electrons does Ba2+ have? ____________________________________

Give the electron configuration.

Li+ ion

Flame color when burned? ____________________________________

How many electrons does Li+ have? ____________________________________

Ca2+ ion

Flame color when burned? ____________________________________

How many electrons does Ca2+ have? ____________________________________

Cu2+ ion

Flame color when burned? ____________________________________

How many electrons does Cu2+ have? ____________________________________

Give the electron configuration.

Sr2+ ion
Flame color when burned? ____________________________________

How many electrons does Sr2+ have? ____________________________________

Give the electron configuration.

K+ ion

Flame color when burned? ____________________________________

How many electrons does K+ have? ____________________________________

Na+ ion

Flame color when burned? ____________________________________

How many electrons does Na+ have? ____________________________________
Questions

1. Which element emits a photon at the shortest wavelength? ​​​​​​​​​​​​​​​​​​​​​____________________________

The longest? __________________________________________________________________

Group the elements according to similar wavelengths.

2. Which element produces the most energy? _________________________________________

The least? _____________________________________________________________________

3. Use the following format for making evidence claims:

As evidenced by…, I claim that… because…

a) Make an evidence claim about the wavelengths of photons for Cu2+ and Ca2+.

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

b) Make an evidence claim about the energies produced by K+ and Na+.

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Unknowns
Unknown 1

Flame color when burned? _________________________

Does the unknown produce a large energy? How do you know? ____________________________________________________________________________________________________________________________________________________________

What cation do you believe is in this unknown? Why? ____________________________________________________________________________________________________________________________________________________________

Unknown 2

Flame color when burned? _________________________

Does the unknown produce a small energy? How do you know? ____________________________________________________________________________________________________________________________________________________________

What cation do you believe is in this unknown? Why? ____________________________________________________________________________________________________________________________________________________________
	EXPLANATION









Time: _15 minutes_

	What the Teacher Will Do
	Teacher Directions and Probing/Eliciting Questions
	Student Responses and Misconceptions


[nswers will vary.  flame test, ch]

	statement is faultyest, 



































































Answers will vary. Example: As evidenced by the flame test, I claim that K+ emits a photon of higher energy than Na+ because K+ has a violet flame and Na+ has a yellow-orange flame. Violet light is higher in energy than yellow-orange light.

[Answers will vary. Yes because it was a sound argument]

[Answers will vary. Yes they match or no they don’t match]

	Go over the unknowns. Write answers on projector.
	What was the flame color of unknown 1?

What is the process going on in the atom to produce this color?

Did the electron emit a large amount of energy?

How do you know?
What would you estimate the wavelength to be of the emitted photon? Why?

How could you estimate the total amount of energy emitted by the unknown?
What cation do you believe the unknown to be? Why?

Let’s go through the same process for unknown 2:

What was the flame color of unknown 2?

What is the process going on in the atom to produce this color?

Did the electron emit a large amount of energy? How do you know?
What would you estimate the wavelength to be of the energy produced?

How could you estimate the total amount of energy emitted by the unknown?

What cation do you believe the unknown to be? Why?

If you were measuring the emission spectrum of each unknown, where do you expect the spectrum line to be for unknown 1? Unknown 2?
	[green]

[excited electrons are emitting colored light as they fall to a lower orbital level]

[somewhat, green photons of light are higher in energy than yellow, orange or red photons of light]

[I would estimate the wavelength to be about 550 nm because green is in this range on the light spectrum]

[Using the formula for energy. E=hc/λ. We already estimated the wavelength of the photon due to the color of the flame]

[Ba2+ because we know that it produces a green flame when burned]

[red]

[electrons are emitting colored light as they fall to a lower orbital level]

[No, it emitted a small amount of energy because red light photons produce the lowest amount of energy on the visible light spectrum] 

[I would estimate the wavelength to be about 700 nm because red is in this range on the light spectrum]

[Using the formula for energy. E=hc/λ. We already estimated the wavelength of the photon due to the color of the flame]

[Li+ because we know it produces a red flame when it burns]

[Spectrum lines should be in the wavelength range that corresponds for the color green in the visible light spectrum for unknown 1 and lines should be at the near the longest wavelengths of the visible light spectrum for unknown 2.]


	Compare the two unknowns.
	Knowing the estimated energies of each unknown, make an evidence claim statement comparing the two unknowns.
	[Answers will vary. Example: As evidenced by the flame tests, I claim that Ba2+ emitted a higher energy photon of light than Li+ because Ba2+ produced a green flame which corresponds with shorter wavelengths of light and higher energy and Li+ produced a red flame which corresponds with longer wavelengths of light and lower energy]


	ELABORATION








Time: _________

	What the Teacher Will Do
	Probing/Eliciting Questions
	Student Responses and Misconceptions

	Teacher will use the java program to help students understand molecular orbitals and how they are related to energy.

http://molo.concord.org/database/activities/47.html
Teacher will allow students to visually see that the size of the molecular orbital increases as the energy increases.
	
	

	Teacher will explain molecular orbitals and the relationship between orbitals and energy. The “The Shape of an Orbital Depends on the Electron Energy” link will be used in this explanation.
	
	


	EVALUATION









Time: _9 minutes__

	What the Teacher Will Do
	Assessment
	Student Responses

	Teacher will hand out the short assessment and tell the students to answer each question. Ask the students to do their own work and answer honestly, as you just want to know how much they learned.
	Fill out the worksheet honestly and individually. This is not for a grade. This is just to let us know how well we did.
	


Name: ____________________

Date: ____________________

Post Assessment

1) Explain the process by which light is given off by an atom. In other words, what has to occur before an atom will give off light?

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2) You study the emission spectrum of a nearby planet and notice that there are spectrum lines in the visible light range at the highest wavelengths and at the lowest wavelengths. What metal ions do you believe are prevalent on the planet and why?
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3) Tell whether the following statement is true or false. Provide an evidence claim to support your choice.

Strontium emits a photon at short wavelengths and therefore emits low energy.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
1) Explain the process by which light is given off by an atom. In other words, what has to occur before an atom will give off light?

Electrons can be excited to a higher orbital level. Electrons absorb energy as they jump to a higher orbital. When an electron falls down to the original orbital level, it can emit energy in the form of photons of light.
2) You study the emission spectrum of a nearby planet and notice that there are spectrum lines in the visible light range at the longest wavelengths and at the shortest wavelengths. What metal ions do you believe are prevalent on the planet and why?

Violet is the color of light emitted at the shortest wavelengths of visible light and red is the color light emitted at the longest wavelengths of visible light. Because the flame color of K+ is violet and the flame color of Sr2+ is red, K+ and Sr2+ should be prevalent on the planet.
3) Tell whether the following statement is true or false. Provide an evidence claim to support your choice.

Strontium emits a photon at short wavelengths and therefore emits low energy.
False. As evidenced by the flame test, the statement is false because strontium emits a photon at long wavelengths due to the deep red flame produced during the flame test.
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