Laboratory #6   Introduction to Atomic Spectroscopy: The Three Types of Spectra
The purpose of this exercise is to become familiar with the three types of spectra: continuous, absorption, and line spectra. In addition, you will study the spectrum of some very common light sources (Light Emitting Diodes) that are “almost” monochromatic. In the process, you will consider a way of describing the extent to which a source is monochromatic 
Apparatus

Daedalon EO-85 Computerized Spectrophotometer

Didymium glass

Atomic Mercury Spectral Source
Light Emitting Diodes (red, green, and blue)

Daedalon EO-85 Computerized Spectrophotometer

The spectrometer has a diffraction grating that disperses the different wavelengths across a CCD sensor (digital camera) inside the instrument. Each wavelength of light has an interference maximum at a different point along the CCD sensor, which allows precise measurement of the spectrum of the light entering the instrument. The Appendix contains more detail.
Part I: The continuous Spectrum
1. The on/off switch is located on the rear of the unit. This switch will also turn on the “white light” source.
2. Launch the program “Spectrum” located on the desktop (symbol “S”).

3. Go to “Measure” and “Take Spectrum.” If you are asked for a file name, choose the default if there is one (“Spectrum 1”) or enter anything you like such as “Trial 1.”

4. When the spectrum appears you should see a rather broad spectrum that represents the intensity (brightness) of the light source as a function of wavelength. If you see something else (e.g., a straight line), it means that the default exposure time is not right. Delete the spectrum (click on “Spectra” and “Delete All”). Go to “Measure” and then “Exposure Time” to increase or decrease the exposure time. Continue doing this until you get the expected curve. You should also repeat the steps by changing the exposure time if the spectrum is saturated (i.e., cut off at the top).

5. Estimate the temperature of the light source by the following method. Determine the wavelength at which the spectrum is a maximum. Notice that you can read the wavelengths at each point by putting the mouse arrow on the point and reading the cursor position located along the bottom status bar. Don’t spend too much time on finding the maximum; it’s a rather broad peak. Enter the value (in nanometers) into the data table and compute the temperature using Wien’s Law:
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The temperature can be converted Kelvin to Celsius by subtracting 273. This method of determining the temperature assumes that the spectrum follows the blackbody curve, but in reality, this is only approximate.
Part II: An Absorption Spectrum

1. Delete the spectrum you obtained in Part I (click on “Spectra” and “Delete All”).

2. Click “Measure” then “Transmission Curve,” and follow the prompts. A popup window will ask you to block the light from entering the slit – place a credit card in front of the slit to block the light, then click “GO” in the popup window. 

Next, the popup window will ask you to “Shine reference light onto slit” – remove the card and allow the light from the bulb to fall onto the slit, and click “GO” in the popup window.

Finally, the popup will tell you to place the sample between source and slit – hold the didymium glass in front of the slit and click “GO” in the popup. 

The popup will now say “Measuring complete, do another sample” – click on “DONE” – and the absorption spectrum will be displayed on the screen. You will probably see a very complicated absorption spectrum with several well defined minima. There is a very strong minimum in the yellow which is why these spectacles are worn by glass blowers.

3. If the absorption spectra is cut off, repeat the steps above with a different exposure time.

4. A quantitative measure of the absorption can be found by dividing the wavelength at the center of the absorption by the width of the absorption band. The width is usually measured at half the amplitude of the band. Estimate the center of the minimum and the width and compute this quantity as a percentage for the yellow line only. 

Part III: A Line Spectrum

1. Turn the spectrometer off. Ask your instructor to remove the light source from the front panel. The power cord for the source should also be disconnected. Do not do this by yourself.

2. Place a mercury discharge in front of the spectrometer and turn the unit on again. You may have to adjust the position of the tube to get maximum light into the unit. Record a spectrum from the source. Follow the same steps as in Part I (that you used for the continuous source.) Make sure that the lines are not saturated. If they are, reduce the exposure time by going to “Measure” and “Exposure time.” You should see the line spectrum corresponding to the visual spectrum that you observed in previous labs. 

3. Record the wavelengths from the spectrometer (using the cursor) for the yellow light (near 580 nm) and the green light (near 500 nm) and compare them to the accepted values. Note that the yellow line is a doublet. Record the wavelength at the center of this doublet. You will just compare these measurements to the accepted values. The lines are so narrow that any width is just due to the finite resolution of the instrument (distance between pixels).

4. Turn off the mercury discharge and move the holder out of the way. Leave the tube in the holder.

Part IV: Spectra of a Set of Red, Green and Blue LEDs

1. Turn on the power to the circuit holding the light emitting diodes. Note that each of them appears to be a single color. The goal of this part is to measure the spectrum and determine the width of the wavelength band that is emitted in each case. 
2. Measure the emission spectrum of the green, red and blue light emitting diodes in that order. The graphs will then be the same color as the LED. Capture all three spectra on the same screen. Adjust the exposure so that all three peaks are about the same height. You may have to change the exposure time to get them all about the same size on the graph. You can also change height by changing the distance from the LED to the entrance port. Note that you can erase one or more spectra while keeping others.

3. Record the peak wavelength for diode using the cursor. Now measure the width of the peak by recording the wavelength at one-half the amplitude of the line. This is called the full-width-at-half-maximum. As an arbitrary measure of how pure the spectrum is we might again divide the width by the peak value and write it as a percentage. Of course, the smaller the value the narrower is the spectrum.

4. Finally, print a (landscape) copy of this spectrum for each member of the group.
Lab reports are due in one week. The lab report should contain your Excel file, and a printout of the LED spectra (with all 3 spectra on the same graph).
Appendix

Hardware Technical Description

The Spectrophotometer directs light through a 25 micrometer slit. This light is collimated and directed through a 700 line/mm holographic grating. The diffracted light passes through an f/1.8 50mm focal length camera lens, which focuses an image of the diffracted light from the slit on a Charge Coupled Device (CCD) detector.

The next page illustrates the design of the optical system for the Spectrophotometer. The relative locations of the major system components (slit. collimating lens. grating. imaging lens. and detector) can be seen. Note that only the entrance window of the imaging lens, which is actually made up of several lenses is shown.

The CCD detector has 1728 active pixels that collect light from the optics. It also contains additional pixels that are shielded from light. These are reference elements that are used for dark signal subtraction.

An internal 16 bit microcontroller and associated analog signal conditioning circuits read the signal from the CCD and send data to the host computer via an RS-232 serial port. The internal RAM is used for temporary storage of a newly collected spectrum. Serial communications operate at 9600 or 57.600 bits per second selectable via the host software.
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