
Title:  Atomic Spectra

Theory:

· White light contains all colors in the electromagnetic spectrum.  The sun produces light that covers all wavelengths of light.  However, some gases, liquids and solids glow with a color other than white light.  Neon signs are a familiar advertising source in businesses all over the world.  They consist of low pressure Neon gas in a sealed tube with an applied potential of 20,000 volts of electricity.  The gas glows because excited atoms will emit photons of energy when electrons jump from a higher energy level to a lower one.  Sometimes the energy given off occurs in the visible light spectrum. 

· Astronomers analyze atomic spectra in order to identify the composition of gaseous clouds in outer space as well as stars.  Each gas is unique in that they have their own signature grouping of lines associated with the discreet energy level transitions of electrons from one level to another.  You can think of each element’s atomic spectra to be like a fingerprint.  Astronomers can also use shifts in the atomic spectra observed to determine whether we are moving away or towards the object.  If the object is moving away from us, we call it red-shifted in that all the lines will be shifted to the red end of the spectrum.  And if it is moving towards us, we say that it is blue-shifted because the spectrum is shifted towards the blue end of the spectrum.  As per the Doppler shift, the wavelength will increase with a red shift and decrease with a blue shift.  
Objective: 

· To learn how to use a spectroscope, to measure the emission lines of a gas so that it can be identified, and to have an opportunity to work with the relationships v = f( and E = hf.

Materials:  

· Spectroscope

· Gas tubes

· Power source

Pre-Laboratory Activity:

1. 1 Angstrom (1Å) is how many meters?

2. The electromagnetic spectrum consists of what type(s) of radiation?

3. Express a Joule using the fundamental MKS (meters, kilograms, seconds) units.

4. What is the speed of light in a vacuum?  Does it vary in a vacuum?  How does it vary in another medium (substance)?

5. A wavelength of a photon of light is 528 nm.  How many meters is this?

6. What is the frequency of this photon?

7. What is the relationship of energy to wavelength and frequency (show formulas)?

8. How much energy (in Joules) would a photon of the light in #5 and #6 have?

9. How much energy in electron volts (eV) would a photon of light have in # 5 and #6?

Procedure: 

1. Study the spectrum of an incandescent lamp and record the number and sequence of colors observed.

2. Study the spectrum of each of the unknown gases and record the bandwidths of each color observed in nm.  Repeat this process for the eight brightest bands present.  Note that some gases may not have that many lines. Hint: Cell phone images generally make the process easier.
3. Calculate the energy in Joules and electron volts for each line recorded (Show sample calculation for each gas).  

4. Attempt to identify these elements by their spectra using the table given, then see your teacher for the actual identity.
Analysis:

1. What type of spectrum did you notice in step 1 of the procedure?  What it continuous or discontinuous?  Was it emission or absorption?

2. How did the spectrum of the unknown gases compare to that of the incandescent light bulb? Was it emission or absorption?
3. Based upon the data from steps 2 and 3 of the procedure, what do you think the unknown gases are?

4. After confirming the identity of the gases, do your readings agree with the standards?

5. Are your readings for the lines shifted from the standards?  If so, is it consistent for all the lines for the gases?  That is: are all your values high, or low compared to the reference standards?
Error Analysis & Conclusions:

Observed values for wavelength and energy:
	Prediction: Gas No. 1: 





Actual: Gas No. 1: 




	Prediction: Gas No. 2: 





Actual: Gas No. 2: 
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Scale for recording observations:

Unknown Gas No. 1:
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Unknown Gas No. 2:

	Prediction: Gas No. 3: 





Actual: Gas No. 3: 




	Prediction: Gas No. 4: 





Actual: Gas No. 4: 





	Color
	λ (nm)
	Energy(J)
	Energy(eV)
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Scale for recording observations:

Unknown Gas No. 3:


Unknown Gas No. 4:

Reference Line Spectra at Visible Wavelengths (nm):

	Argon
	Helium
	Hydrogen
	Nitrogen
	Oxygen
	Mercury
	Sodium
	Neon

	416


	447
	410
	410
	395
	405
	467
	470

	420


	469
	434
	485
	437
	436
	498
	540

	427


	502
	486
	492
	533
	546
	569
	576

	697


	588
	656
	496
	544
	579
	589
	585

	707


	668
	
	528
	596
	615
	590
	620

	727


	707
	
	576
	616
	691
	616
	640

	738


	
	
	648
	645
	708
	
	693

	750


	
	
	746
	700
	
	
	724


Use the scale below to record your observations for the incandescent light bulb. Be sure to note where each color appears on the scale.
Scale for recording observations:

Incandescent Light Bulb:










































































