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SPOKANE FALLS COMMUNITY COLLEGEPRIVATE 

CHEMISTRY EXPERIMENT NO. 5


Light and the Visible Spectrum

Name______________________

Discussion:
When an electron falls from a high energy level to a lower energy level, it releases energy in the form of light.  Conversely, when an electron absorbs light, it jumps from a low energy level to a higher energy level.  The "kind" of light that is emitted or absorbed depends on the difference in energy levels.  If the difference is large the light is high energy (ie. x-ray).  Smaller energy level differences produce less energetic light that is in the ultraviolet or visible region.

The energy (color) of light an electron can absorb is determined by the difference between the energy level it is in and the energy level it moves up to.  When that energy is later released, the energy of the light can be calculated knowing the energy of each of the orbitals. For example, 

Energy of light absorbed or released =  E = E3 - E2 


The color of light emitted when an electron falls to a lower energy level and the color of light absorbed when an electron jumps to a higher level must of course be the same, as the process (the energy change) is the same.  The color of light produced or absorbed is determined by the energy of the transition.  This is shown mathematically as:






 E= hc/ ,

where E is the energy of the jump, h is Planck’s constant (6.63 x10-34 Js), c is the speed of light, and  is the wavelength of the light. 

"White light" is a mixture of all the energies (colors) of light in the visible spectrum.  The different colors in the visible spectrum result from light with slightly different energies (slightly different wavelengths).  If "white light" is passed through a compound that absorbs certain energies (colors), the light that passes through the compound no longer contains all the colors.  The light passing through the compound is no longer "white" but will appear "colored". This explains why certain objects appear colored.

In the first part of this experiment, the relationship between wavelength of light and color will be explored.  (Which wavelength corresponds to what color). You will simply look at light of many different wavelengths, and identify the color of that wavelength of light.

In the second part of this experiment, the absorption spectrum of a colored compound will be recorded and used to explain why the compound is a certain color. In this part of the experiment, you will vary the wavelength (color) of light shining on the sample, and record the absorption at each wavelength.  After graphing your data, you should be able to correlate the absorption data with the observed color of the compound. 

In the third part, you will look at 4 different gas discharge tubes with the aid of a spectroscope. You will identify the colors of the visible lines, and then while referring back to the first part of the experiment, make an approximation as to the wavelength of each of the lines.

Procedure:
Part 1:
Visible Spectrum

The Spec-20 used in this part of the lab has had the sample holder  removed and a paper covered lead strip inserted so that the lever at the bottom of the sample area is tripped.  Record the color of the light you see when looking into the opening of the Spec-20 at each wavelength, according to the data sheet.  Continue at 20 nm intervals through the spectrum. (Some people have difficulty seeing certain wavelengths, especially around 340-380 nm.)

Part 2:
Absorption Spectrum of a Colored Complex


Use the Spec 20 with the cuvet holders in place.  Turn the instrument on and allow it to warm up for about one minute.  Zero the instrument using the left most knob to 0% Transmittance (top scale).  Place the tube with clear solution, the blank, to zero the spec-20 at the first wavelength of 340 nm, use the rightmost knob and zero to 100% transmittance, 0 absorption. Replace the blank with the tube of the colored solution, a copper-ammonia complex, and measure its absorbance, the bottom scale (note that the scale reads right to left and that the divisions on the scale are not uniform in size).  Increase the wavelength by 20 nm and rezero with the blank.  Measure the absorbance with the blue solution at this wavelength.  Continue increasing the wavelength by 20 nm increments, zeroing and recording absorbance.  Stop when the visible spectrum has been covered.

Data: Part 1 + Part 2
	Wavelength
	Color
	Absorbance

	340
	
	

	360
	
	

	380
	
	

	400
	
	

	420
	
	

	440
	
	

	460
	
	

	480
	
	

	500
	
	

	520
	
	

	540
	
	

	560
	
	

	580
	
	

	600
	
	

	620
	
	

	640
	
	

	660
	
	

	680
	
	

	700
	
	

	720
	
	

	740
	
	


Part 3 Emission Spectra

Four light sources are provided.  Record the name of each source from its label. Record the color of each major line seen with the spectroscope and record the corresponding wavelength from the data collected on page 4 or from the spectroscope. Each color should have a corresponding wavelength. Each source should have at least three lines recorded.
Data: Part 3

Source 1 _____________   

Colors:




Wavelength:
Source 2 _____________   

Colors:




Wavelength:
Source 3 _____________   


Colors:




Wavelength:
Source 4 _____________   

Colors:




Wavelength:
Conclusions:
1. The copper complex is blue in color.  Using your data draw a rough graph of the absorption spectrum of this ion.  Make the Y axis absorbance and the X axis wavelength.  (Hint:  Label your wavelength with color.)
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2. Explain why the complex is the color that it is! (i.e., compare the observed color with the graph and explain)

3.  Chromate ion is yellow.  Make a rough sketch of a graph of its absorbtion spectrum, by extrapolating the relationship discovered above.
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Figure �seq Figure  \* Arabic�1�: Some possible electron transitions are shown. The three heavy lines indicate those transitions in a hydrogen atom which emit light in the visible spectrum.








