Ocean Optics Spectrometer Activities

The activities below are intended to introduce you to the capabilities of the Ocean Optics Spectrometer (OO Spec.), also called the Red Tide Spectrometer. You also will be introduced to many of the capabilities of the Logger Pro software. These activities also can be done using the LabQuest units that have software similar to LoggerPro. It is recommended that you repeat some of these activities with the LabQuest to familiarize yourself with its operation. See the section at the end of these activities for more information on using the LabQuest.
Visible Spectrum Map

Introduction: The OO Spectrometer (Red Tide) is used to determine the approximate wavelength of each color in the visible spectrum. The spectrum is produced by putting a piece of Project Star Holographic Diffraction grating over the projection lens of an overhead projector. Two pieces of cardboard are used to block all light from the Fresnel lens except for a slit. This produces a bright spectrum even in a classroom that is not completely dark.
Note: Many of the Logger Pro menu commands described below can be accessed by clicking on the box with the spectrometer icon in the upper left of the screen: [image: image6.jpg]Gl
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Directions: Set up the overhead as instructed (see references for detailed instructions) to produce a spectrum within reach of the computer to be used with the OO Spec. Display the computer output so students can see. Start the Vernier Logger Pro Software. Set it to measure Intensity by clicking the Experiment Menu, selecting Change Units, Spectrometer 1, Intensity. For this activity you will want to remove the color background. Click on the Options Menu and select Graph Options. Remove the checkmark by Draw Visible Spectrum and click OK. It is a good idea to do this ahead of time and save the file. Click  [image: image2.png]


 to start data collection. Put the end of the fiber optic cable in the middle of the red portion of the spectrum. Point the fiber end until you get a reading on the display. You may have to adjust the Sample Time to get a strong enough signal. Do this by clicking on the Experiment menu, selecting Set Up Sensors, then Spectrometer 1. Write down the wavelength of the peak for each color of the spectrum and the outer edges of red and violet in the table below. Turn the Visible Spectrum back on and review results.
	
	Edge
	Red
	Orange
	Yellow
	Green
	Blue
	Violet
	Edge

	Wavelength (nm)
	
	
	
	
	
	
	
	


LED Calibration
Introduction: Use the OO Spec to determine the peak wavelength of each reference LED on the calibration box plus from the output of a remote control. Compare the measured values to the reference values and estimate the accuracy of the OO Spec when measuring wavelength.

Directions: Start the Logger Pro software and attach the end of the fiber to the UV connector on the calibration box. Adjust the output of the calibration box and/or the sample time until the peak is just under 1. Note: the intensity of the output goes down as you turn the knob clockwise. When the peak is where you like it, click on [image: image3.wmf]


 to stop data collection. Zoom in on the peak by selecting it with the cursor and clicking [image: image4.wmf]


. Write the peak wavelength in the table below. Note that the wavelength of the cursor location is displayed in the lower left corner. Put the range of wavelength measured for the white LED. The remote control sends a signal out the end while you press a key. Move the fiber while pressing a key until you see a reading. When done measuring, answer the questions following the table.

	
	UV
	Violet
	Green
	Yellow
	Red
	White
	Remote

	Measured ( (nm)
	
	
	
	
	
	-
	

	Reference ( (nm)
	380
	395
	518
	590
	640
	450-630
	???


Q1: Turn on the calibration box and look at the UV LED with your eye (limit exposure to a very short time). Can you see any light coming from it? Why do you think this is? Use the OO Spec to investigate. (Hint: turn the output all the way up on the calibration box) Describe what you learn below.

Q2: Point the remote control at your eye and press a button. Do you see any light coming from it? Try pointing it at a cell-phone or digital camera. Explain. (Hint: look at your results from the Spectrum Mapping activity)

Q3: Observe the white LED spectrum again. What are the dominant wavelengths present? What color LED would produce each of these wavelengths?

Q4: Using your results, estimate the accuracy of wavelength measurement using the OO Spec.
Computer Monitor Pixels

Introduction: Computer monitors are capable of producing millions of colors. However, close examination with a magnifying lens and the OO spec yields what may be some surprises. Only red, green, and blue pixels can be seen on a monitor. The computer adjusts the relative brightness of each color to produce many possible combinations. This works because the human eye can only detect these 3 colors. Other colors stimulate the 3 color receptors (cones) to different degrees to produce the sensation of other colors. For example, the brain detects yellow whether it is from pure yellow light like the yellow LED or the yellow in the overhead projector spectrum or whether it is from mixed red and green light of equal intensity.

Directions: Start a paint program (one can usually be found in Programs-Accessories-Paint). You also can draw boxes in MS Word and fill them with each color. Draw a large rectangle and fill it with red. Measure the peak wavelength and record it below. Repeat for green and blue.

	
	Red
	Green
	Blue

	Peak Wavelength (nm)
	
	
	


Q1: Predict what pixels will be on for a yellow rectangle. Use the OO Spec and a 50X pocket microscope to verify.

Q2: Predict what pixels will be on for a magenta rectangle. Use the OO Spec and a 50X pocket microscope to verify.

Q3: Predict what pixels will be on for a cyan (blue-green) rectangle. Use the OO Spec and a 50X pocket microscope to verify.

Glow Tubes

Introduction: When gases are heated or bombarded by electrons, they emit light. The element(s) present in the gas give off very specific wavelengths. This can be used to determine what element is present in an unknown sample or even a distant star. Unknown spectra are compared to known spectra measured in a laboratory. The element helium was first discovered in the spectrum of the solar corona. In this activity students will measure the spectra of several known elements and then use their data to determine what elements are present in several unknowns.

Directions: Collect the spectra of several known elements using the OO Spec. Adjust the distance to the glow tube and/or the sample time so that the maximum intensity is just under 1 before saving. Save each element by selecting the Experiment menu and select Store Latest Run. You can do this for each element and name the data column for each by double-clicking on it. Have students use this file to determine what elements are present in various glow-tubes and other light sources like mercury and sodium porch lights, fluorescent lights, and neon signs. These spectra should have one or more of the following: hydrogen, helium, mercury, neon, and sodium.
Fluorescent Liquids
Introduction: The glow tube activity is best done using handheld spectroscopes to observe the glow tubes at the front of the classroom. There are too many safety concerns with student operation of the glow tubes. This activity is similar but uses fluorescent liquids under a black light in place of the glow tubes. The liquids are labeled A through E. The computer has files stored for each liquid but named 1 through 5. The students are to match the number to the letter by displaying the previously collected spectra (1-5) and collecting spectra to find the matches. Fluorescence is fundamentally different from the mechanism that produces light in the glow tubes. The glow tubes contain mainly one element and the electron energy transition that produces the light is very specific. This produces a very narrow spectral peak. The fluorescent liquids are molecules. The UV light excites the electrons to a high energy state. Instead of jumping directly back to the ground state, they take a number of jumps back down. These lower energy jumps produces visible light that differs in wavelength from the UV light. Because they are molecules, there are many closely spaced allowable energy transitions. This results in broader spectral features.

Directions: Collect and store each of the fluorescent liquid spectra as separate runs. Repeat until all five spectra are displayed. Name them 1-5. Place a fluorescent liquid vial directly under the black light so that the cap is down. Adjust the integration time so that the count is at least 2000. This may require sample times of 1000 ms. Put the fiber directly to the vial and try to determine which overlay matches. Put your results in the table below.

	File Number
	1
	2
	3
	4
	5

	Vial Letter
	
	
	
	
	


Q1: Which vials were the most similar? What spectral feature made it easiest to tell them apart, peak wavelength or the shape of the peak?

Q2: Which vial changed the most in color under the black light?

Q3: Use the OO Spec to determine the frequency produced by the black light. Is this frequency present in any of the numbered spectra? Which one(s) does it appear in and why do you think it did?
Fluorescent Crayons

Introduction: This activity is very similar to the fluorescent liquids one but uses cheaper materials and is more interactive for the students. The students first measure and save the spectra of each of the following fluorescent crayons: Blue, Green, Yellow, Yellow-Orange, Orange, and Red. You can have them do all eight but the Pink, Red, and Red-Orange are very similar. Spectra can be collected directly from the crayon under the black light. Avoid having them collect spectra from a piece of paper they have colored on because of the fluorescent material found in most paper. However, a paper towel can be used because it does not contain this material. After they have collected each spectra, each group selects 2 colors and breaks off about a half inch of each. They then melt them together gently on a hot plate. They must mix them well to avoid tipping off what colors they used. They then trade their sample with another group and try to determine what crayons were used. It is helpful to display each of the 6 colors as overlays to compare. The match will not be exact as the crayons can absorb some of the color given off by each other. You also could operate this one similar to the fluorescent liquid matching activity.

Fluorescent Highlighters
Introduction: This is very similar to the other fluorescent activities. Highlighters are more available than fluorescent crayons but obviously can’t be melted together. If used on a paper towel they can be substituted for the fluorescent liquids in that activity.

Glow Sticks and Glow-in-the-Dark Material

Introduction: The OO spectrometer has the ability to collect data at specified wavelengths as a function of time. Studies of the reaction rates of the chemical reactions in glow sticks and decay functions of glow-in-the-dark material can be conducted. Glow sticks are easier because they are inherently brighter. Start Logger Pro and change to intensity measurement. Change sample time to 1000 ms or adjust until the peak reading is near 1. Change samples to average to 1. Crack the glowstick and mix the contents thoroughly. Tape it to the end of the fiber cable so it doesn’t move during collection. Start recording and measure the peak wavelength of the glowstick. Stop recording. Click on the box in the upper left, a window opens. Click on the graph icon in the upper right and select Configure Collection. Select Intensity Vs Time. Click on the wavelength measured earlier. Then select the Experiment menu, Data Collection, Time Based. Set the length to 600 seconds and samples/sec to 1. Click Done, then record. Try various curve fits after data collection stops. You can get good results with less time, as little as 180 sec.

LED Activities

Refer to the sets of activities from the CNS Institute for Physics Teachers titled “Light Emitting Diodes” and “The Phantastic Photon” in your binder for details of these activities and suggested student questions.

1. Explore the effect of LEDs on glow-in-the-dark material and fluorescent material. How does the color of the LED and its distance from the material affect the results? See “Phantastic Photon” handout for detailed instructions.

2. Hook up all the LEDs in parallel on your circuit board. When connecting the LEDS remember that the LONG wire on an LED is the positive side. The LED will not light up if this is reversed. Attach the variable voltage power supple and notice the order in [image: image1.png]


which the LEDs turn on Vs color. You can use a cell phone or digital camera or the OO Spec. to observe the IR LED turning on. See image at right for guidance. Alternatively, use the LED strip to observe the order in which the LEDs turn off when the 9V battery is disconnected.

3. Shine LEDs into other LEDs that are connected to a voltmeter. Which color LEDs can produce a voltage when exposed to other ones? Can you get an LED exposed to another’s light to light up a third LED? See “Light Emitting Diodes” page 6.
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4. Connect the LEDs in series together. Which one comes on first now? Turn up the voltage so that they are all on. Measure the voltage across each one and the wavelength of each one. Using the “Light Emitting Diode” directions, page 13, determine Planck’s constant. Teacher instructions are on page 6.

Absorbance and Transmittance Activities

Your binder has 3 activities from Vernier that use the absorbance and transmittance data collection modes. These are “Determination of Chlorophyll in Olive Oil”, “Visible Spectra of Commercial Dyes”, and “Transmittance of Theatrical Lighting Filters”. Choose one of these to investigate. You may also measure the absorbance of chlorophyll by soaking spinach leaves in alcohol and following the directions in the olive oil lab. Ask for any materials you need for these investigations.

LabQuest Operation

See the LabQuest Quick Start Guide for more information. The OO Spec connects to the USB port in the back of the LabQuest. It is recommended that you use the AC adapter when possible because the OO Spec draws a lot of power from the LabQuest.  Start up the LabQuest by pressing the silver button in the upper left. 

Mode: You can select the mode, Absorbance, Transmittance, or Intensity by using the included stylus to select Sensors, Change Units, USB Spectrometer, then select the mode. 

Sample Time: You can change the sample time by selecting Sensors, Data Collection. I have had problems with sample times greater than 800 ms.

Time Based Collection: Click on the red box on the Meter screen to select the wavelength to be collected. Select Sensors, Data Collection, then click on the drop-down menu at the top to select Time Based.

Start Collection: Click on the Graph Icon in the upper right to collect data. Press the button with the green arrow (on the LabQuest or with the stylus on the screen) to start data collection. Other LabQuest operation (storing runs, curve fit, zooming etc.) is very similar to the Logger Pro

Resources

Holographic Grating and Spectroscopes from Project Star: http://www.starlab.com/psmain.html
Glow Tubes: http://www.sciencekit.com/category.asp_Q_c_E_439627

Fluorescent Liquids: http://www.grauhall.com/optical.htm
Fluorescent Crayons: http://www.prangpower.com/shop/index.cfm?fuseaction=products&ndx=133&sec=2&cat=13

Ocean Optics: http://www.oceanoptics.com/products/education_new.asp
Vernier: http://www.vernier.com/spectroscopy/
LED Activities: http://www.cns.cornell.edu/cipt/labs/LED.html
Overhead Projector Spectroscope: http://sofia.arc.nasa.gov/Edu/materials/edu_materials.html
