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Objectives/Goals



Std.    2.1, 2.3 

· Examine basic concepts of atomic spectroscopy (absorption and emission)

· Learn to use an optical spectroscope 

· Use spectroscope to sketch atomic spectra for various metal salts

· Apply atomic spectra knowledge to identify unknown metal salts 

· Complete and turn in atomic spectroscopy lab

· Review the lab and questions as a class

Before class, set up atomic spectroscopy lab, compounds, solutions, wire…

Warm-up

Work quietly and individually on warm-up activity

· Read through atomic spectroscopy lab (8 groups; limited by 8 spectroscopes) 

Homework

(Due at the beginning of class)

· To be assigned based on where we are in the unit.  This will vary year to year.

Agenda

· Warm-up, attendance, pass out papers

· Review objectives/homework

· Follow objectives in order

· Closure – review objectives/homework  - Have a nice day

This lesson begins with a brief review of light and an examination of the basic concepts of atomic spectroscopy to include atomic absorption and atomic emission.  Tell the students that we are going to review 7th grade science and lead into 9th grade chemistry by asking, “what is light?”  Light is an electromagnetic wave that travels in small “packets” called photons.  How fast does light travel?  Light travels at 186,000 miles per second or 3.0 × 108 meters per second.  What is the electromagnetic light spectrum?  ROY G BIV red, orange, yellow, green, blue, indigo and violet.  These colors are listed in order of decreasing wavelength (increasing energy).  That is the same thing I learned in school, however, we are just now discovering that it is not true anymore.  Recent tests show that indigo cannot be differentiated from blue or violet.  Now we believe the visible light spectrum is ROY G BV.  The higher the frequency the more energy and the bluer the light; the lower the frequency the lower the energy and the redder the light.  Remember the electromagnetic spectrum continues beyond violet with higher energy ultra violet, x-rays and gamma rays.   It also extends below red into lower energies with infra red and radio waves.  

Using the Bohr model, the following analogy explains energy levels.  Hold a book above a table and drop it.  Then hold it higher and drop it again.  The potential energy I supplied to the book was converted to kinetic energy and then to sound energy.  The higher I lift the book before dropping it, the louder the sound.  A similar thing happens in the case of atoms, when an electron is boosted to a higher energy level in an atom.  The electron snaps back to its ground state and emits light.  It emits a throbbing spark we call a photon.  When it is boosted to higher levels, it emits a higher frequency (higher energy) photon upon excitation.  Analogy adapted from Conceptual Physical Science, Hewitt.  (As time will not allow the following activity to be performed the same day as the lab, I would likely perform Mr. DeGennaro’s chemistry of light activity the class period preceding this lab.  I will not rewrite his lab, however, I have attached a copy of it for your convenience)

Where does electromagnetic radiation (light) come from?  Electromagnetic radiation is created when an electron moves from a higher energy level to a lower energy level.  The photon of emitted light has an energy that equals the difference in energy between the two electron orbits.  Do you remember the activity we did last time involving the buckets and electron people?

Atomic Spectra

The range of frequencies of light emitted by atoms; as their excited electrons return to a lower energy state.  (Or range of frequencies of light absorbed by atoms as they are boosted to higher energy states)
Briefly discuss the following analytical methods in the preceding class period.


Flame AA – flame/cathode ray tube


GFAA—graphite furnace/TLL  (thermo-luminescent lamp)


ICP—atomic emission 

Used in environmental and criminology labs (expand topic in discussion) 

Much of what we know about atoms is from the light of atoms.

Atomic orbital


The region of space where electrons of a given energy are likely to be located.

When an electron from an orbital of higher energy (outer orbital) drops to a lower energy (inner orbital), the atom emits light

When an electron is boosted from an inner orbital to an outer orbital, the atom absorbs light

This emission and absorbance spectra is a characteristic property of all elements and correlates to a specific wavelength as well.  

Chemistry of Colors, Atomic Emission Lab
Adapted from “Conceptual Physical Science”, Hewitt

Objectives/goals

· Understand that different metal salts emit different atomic spectra

· Examine the light emitted by various metal salts

· Learn to use an optical spectroscope 

· Use spectroscope to sketch atomic spectra for various metal salts

· Apply atomic spectra knowledge to identify unknown metal salts 

Materials

· Bunsen Burner

· Sampling wire to burn metal salts

· 0.1 M HCl

· Powdered metal salts Lithium chloride, sodium chloride, potassium chloride, calcium chloride, strontium chloride, barium chloride, copper chloride, aluminum chloride, two unknown samples (combination of two powdered metal salts)

· Spectroscope

· Colored pencils

Discussion

In review, when materials are heated their atoms emit light and the color of that light is characteristic to that type of atom.  As we discussed, that light is emitted when electrons move from higher to lower energy levels.  

Each spectroscope contains a diffraction grating consisting of a thin plastic film with thousands of closely spaced lines etched in its surface.  Our spectroscopes contain diffraction gratings with 5000 lines per inch.  When a beam of light passes through a diffraction grating a discontinuous spectrum is produced showing only particular colors or frequencies.  As this light passes through a thin slit, the different colors appear as a series of vertical lines.  Each vertical line correlates to a particular energy level for an electron.  This pattern of vertical lines is a characteristic property of each element and can be used as an identifying feature similar to a fingerprint.  Astronomers can use the atomic spectra from far away stars to determine their composition.  


Procedure

Flame test 

Step 1.  Hold the tip of the sampling wire in the Bunsen burner flame until it is red hot and then dip it into the 0.1 M HCl solution.  Repeat this process several times until there is no longer coming from the metal when heated.

Step 2.  Dip the sampling wire into the 0.1 M HCl and then directly into one of the powdered salts.  Place the sampling wire into the flame with the adhering salt crystals and observe the color.  Record your observations in the following table.  Repeat this procedure for all of the powdered salts, using a clean sampling wire for each salt.  (I have set up individual stations for each flame test and rotate the groups through each station.  This reduces the possibility of contamination)

Table

	Compound
	
	
	
	
	
	
	
	

	Color
	
	
	
	
	
	
	
	


Step 3. Repeat step 2, while observing the flame through your spectroscope.  Hold the spectroscope so the narrow end with a square hole is toward you.  The wider end has a narrow slit (to let in light) and a wide window with a numbered scale.  Look through the square hole in the narrow end of the tube and aim the narrow slit at the flame, the numbered scale should be on the left side of the slit.  Each number on the scale represents the wavelength of light in angstroms when multiplied by 1000.  Before beginning your analysis, you should practice by aiming your spectroscope towards natural light and observe the spectra.  Now look at fluorescent light and observe the difference in the spectra.  Use colored pencils to sketch only the lines toward the right hand side.   Some elements may show areas of continuous color.

Step 4.  Sketch the line spectrum for each of the metal salts at every station.  Note copper chloride and aluminum chloride must be tested in the fume hood.  

Step 5.  Obtain unknown metal salts from your instructor.  Use your spectroscope to identify unknowns based on their line spectrum. (Note each unknown consists of two metal salts that were combined.  You must identify each metal salt to receive full credit)

Safety

Goggles are to be worn at all times when handling chemicals and using open flames.  Copper chloride and aluminum chloride must be flame tested in the fume hood.

Line spectra data table:



























Questions:

1. What are the identities of your unknown metal salts?

Unknown Number

Identity (list two metal salts)

2. Assume the sampling wire initially gave off a yellow color when it was being cleaned.  What contamination was likely on the wire?

3. Explain why wood burns yellow instead of the blue flame associated with Bunsen burners.  

4. What is responsible for the various colors of fireworks?  Explain how you know?

5. What is the function of the narrow slit in the spectroscope?  Using a sheet of diffraction grating obtained from your instructor, explain how the spectra from the flame tests look without it.  

6. In your own words, explain how this information can be useful in criminology and environmental labs.  Explain how your newly acquired information is helpful in the fireworks industry.  
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