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Light and the Atomic Spectra

Introduction

Light is very useful in chemistry for a variety of things.  In this experiment light will be used to identify the atom in the gas tube, to calculate the wavelength of a particular color of light and to determine the concentration of an unknown solution.  

Light can be separated using a prism into its various color components.  The diffraction grating, a photographic film with 10,000 lines per square inch (1000 lines per millimeter) will act as a prism separating any light that hits it into a spectrum.  When white light strikes the diffraction grating a continuous spectrum is seen due to the presence of all wavelengths of light in the white light.   

In the first part of this experiment the atomic absorptive spectrum of some different elements will be observed.  The elements observed are in the gaseous state and give off a characteristic spectrum due to their electron arrangement (electron configuration notation) when excited with 5000 volts of electricity from the power source.

The wavelength of red light will be determined second portion of the experiment.  The same diffraction grating will be used to split red light and the wavelength can be calculated using the Pythagorean theorem and some trigonometry.

And finally the concentration of an unknown solution will be determined using the absorption of light by a solution of known concentrations.  The chemical principle behind this experiment is called Beer’s law and describes the direct relationship between the amount of light absorbed by a solution and the concentration of that solution.  This experiment will be done as a demonstration if there is not much time remaining in the lab.

Equipment & Materials

Diffraction gratings

Spectral tubes

Power source


Laser light pens

Metric rulers


Computers

Procedure

A. Atomic spectrum 

1. Pick up a diffraction grating from your instructor’s lab station.  Please use caution in handling these slides as any fingerprints or oils from you fingers will distort the image you see.

2. Look into the white light of the room and see if you can find a color spectrum.  If you cannot try turning your diffraction grating 90 degrees.

3. Arrange your lab station so that your can find your report sheet, pencil and diffraction grating with the lights off.  We need to have the room dark to accurately see the absorption spectrum.

4. Fill in the spectra below, as best you can, with a line on your paper for each one you see in the spectrum for each element.  The left side of your spectrum is violet and the right side is red.  Make lines that represent each element you observe.  

5. Label the lines your draw with a color or label your spectrum with colors so you can associate each line with a color.

6. Get with you lab partner and compare spectra.

7. Spend a couple of minutes associating characteristic spectra with elements.

8. Spend the next ½ hour to answer questions in part A. of the lab.  You are encouraged to consult the textbook and discuss with lab partners.
B. Measuring the Wavelength of Laser Light

The red light emitted by laser pointers consists of waves that are shorter than a millionth of a meter.  You can easily measure the precise wavelength of the laser light by measuring the distance that the first-order diffraction image is displaced by a diffraction grating of known line spacing.

1. Obtain a diffraction grating.  Record whether it contains 500 lines / mm or 1000 lines / mm.  Obtain two empty 400 mL beakers (these will act as a stand to support the diffraction grating), a laser light pointer, a piece of white paper and a millimeter ruler.

2. Set the beakers on the white paper and balance the diffraction grating on the top between the two beakers as shown in the instructor’s setup (or in the figure 5a).

3. Aim the laser so its beam points down through the diffraction grating onto the white paper.  You should see a central bright red dot and to both sides of this dot (some distance away) you should observe two somewhat dimmed red dots.  These dots are the first-order diffraction image of the laser beam.

4. One person should hold the laser steady while a partner marks the location of the central dot and one side dot with a small “x” on the white paper.

5. Take the following measurements in millimeters (mm):

a. Length (height) of the 400 mL beaker (distance between the white paper and the diffraction grating).  This is distance “Y”

b. Distance between the central dot and the side dot.  This is distance “X”

The wavelength of light can be calculated by using the “grating equation”:  

n( = d sin (
 where ( = wavelength, d is the distance between the lines on the diffraction grating, ( is the angle to the diffraction image, and n is the order of the image (1).  

A slightly modified form of this equation, which uses distance rather than angle measurement, can also be used.  

 n( = [d X] / L

In this equation  L is the distance between the point on diffraction grating the light hits and the side spot.  The easiest way to obtain the distance L is to use the Pythagorean theorem. (X2 + Y2 = L2) or  [L = (X2 + Y2) ½].  The distance (d) between the lines on the diffraction grating can be determined as the inverse of the number of lines per unit length.  For example: if the diffraction grating is 1000 lines per mm then d = 1/1000 or 1.0 x 10-3 mm.  Keep all calculations in millimeters until the end and then convert into nanometers (nm). (1 meter = 1.0 x 109 nm) 

Name _____________________________
Section # ______  Lab Partner ________________________

CHM 151LL: Report for Experiment # 8 – Light & the Atomic Spectra

A. Atomic Spectra Data

Spectrum 1  = ____________________ 

	

	400                                            500                                                     600                                            700

	Violet               Blue               Green                         Yellow                  Orange                                    Red              


Spectrum 2  = _____________________

	

	400                                            500                                                     600                                            700

	Violet               Blue               Green                         Yellow                  Orange                                    Red              


Spectrum 3 = ______________________

	

	400                                            500                                                     600                                            700

	Violet               Blue               Green                         Yellow                  Orange                                    Red              


Spectrum 4 = _______________________

	

	400                                            500                                                     600                                            700

	Violet               Blue               Green                         Yellow                  Orange                                    Red              


Spectrum 5 = ________________________

	

	400                                            500                                                     600                                            700

	Violet               Blue               Green                         Yellow                  Orange                                    Red              


Questions

1. Compare and contrast the ground state to the excited state in electrons.

2. What causes an absorption spectrum to occur?  Explain the theory of what is happening at the electron level.

3. What explanation can you give as to why the spectra for elements are different or more specifically why the spectrum to each individual atom is unique?

4. What is the difference in electron movement change when you observe a red color of light and a blue color of light?   

B. Calculation of the Wavelength of Red Light.

Data Table

	Data
	Length (mm)

	Height from paper to diffraction grating  (400 mL beaker) – variable Y
	

	Distance form center dot to first-order image dot – variable X


	

	Distance (d) between the lines on the diffraction grating
	


Calculations:  You must show the numerical setups to receive credit.

1. Calculate the value of L in millimeters (mm) using the Pythagorean theorem.

X2 + Y2 = L2  
or L = (X2 + Y2) ½

2. Calculate the wavelength of the red laser light in millimeters (mm) using the equation: n( = [d X] / L

3. What is the wavelength in nanometers?

4. How does this wavelength compare to the wavelength given in your textbook for red light? (page 213 figure 6.4) 
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