    Tropospheric Ozone Lab 

In this lab, you will prepare and use chemically reactive paper to measure the concentration of ground-level (tropospheric) ozone. The ozone test paper used in this lab was first developed by Christian Friedrich Schoenbein (1799-1868), as a result it is called Schoenbein paper. To prepare the Schoenbein paper, filter paper will be coated with a mixture of potassium iodide, starch and water. To use the Schoenbein paper, you will hang it, in air, out of direct sunlight, for 1-2 hours which will allow a chemical reaction to take place. If there is ozone in the air, Schoenbein paper takes advantage of its high reactivity. Ozone in the air will oxidize the potassium iodide on the Schoenbein paper to produce iodine. The iodine reacts with the starch to produce a purple color. The shade of purple on exposed Schoenbein paper correlates with the concentration of ozone present in the air at the test site. The two chemical reactions follow: 

2KI + 03 + H2O → 2KOH + O2 + I2
I2 + starch → Blue or Purple color 

Materials  
Safety Goggles 

Hot Plate 


Cornstarch 

Small Paintbrush or Popsicle Sticks

Paper Clip Hangers 

Distilled Water

Printer Paper

Stirring Rod

250-ml beaker

Filter Paper

Potassium Iodide

Zip Lock Bags

Preparation Procedure for Testing Solution 
1. Place 100 mL of distilled water in a 250-mL beaker. Stir in approximately 5 g of cornstarch. 

2. Place the beaker on a hot plate. Heat the mixture, over low heat, while stirring, until it is thick and translucent. 

3. Remove the beaker from the hot plate. Stir approximately 1 g of potassium iodide into the mixture. 

4. Cool the solution. 

5. Lay a piece of filter paper on a piece of printer paper and use a small paint brush or Popsicle stick to apply the paste evenly onto both sides of the filter paper. Apply the paste as uniformly as possible.(Note: For immediate testing, the paper is ready for use at this point.) 
* Use soap to wash hands and scrub under fingernails after working with potassium iodide!! 
If storing the Schoenbein paper for later use follow steps 6 nd 7 below. 
6. Dry the Schoenbein paper in a drying oven, at a low temperature. Never expose Schoenbein paper to direct sunlight. 

7. Place the strips (should be about 2cm wide) in an airtight ziplock bag and keep them out of direct sunlight. 

Testing Procedure 
1. If Schoenbein strips have been freshly made, they are ready for immediate testing. If strips have been stored, moisten a strip of test paper with distilled water and hang it, out of direct sunlight, at the test site. The strip must hang freely. 

*Use soap to wash hands and scrub under fingernails after working with potassium iodide!! 
2. Expose the strip for approximately 1-11/2 hours . Remove the strip and place it in an airtight ziplock bag out of direct sunlight until the results are recorded. If working with a partner one of your should choose and INDOOR location while the other should choose an OUTDOOR location out of direct sunlight. 

3. Determine the ozone concentration of the air at the test site as follows: 

a. Moisten the strip with distilled water, then compare the color of the strip with the Schoenbein Color Scale (see provided color scale) and determine the Schoenbein Number. If the color of the paper is not uniform, use the color in the area with the most conspicuous change to determine the Schoenbein Number. 

b. Use internet weather sites or sling psychrometer to determine the relative humidity at the test site and round it to the nearest 10%. If you use the internet use a site that will allow you to get data by zip code (try www.weather.com or www.wunderground.com ). 

c. Use to the Relative Humidity/Schoenbein Number Chart as follows: 

i. Along the bottom of the chart, find the point that corresponds to the Schoenbein Number. 

ii. Draw a line upward from the Schoenbein Number until it intersects the curve that represents the correct relative humidity. 

iii. Draw a line from the intersection to “ii” to the left side of the chart.  Note your ozone concentration.

Postlab Questions- Write Out and Respond to the following.

1. Determine the ozone concentration for Schoenbein paper with a Schoenbien Number of 2 and a relative humidity of 23%, 48%, and 81%.

2. Determine the ozone concentration for Schoenbein paper with a Schoenbien Number of 5 and a relative humidity of 18%, 53%, and 77%.

3. If the ozone concentration in two areas was 100ppb, determine the Schoenbein Number, if the relative humidity was 28%, 40%, and 72%.

4. Describe the changes you observed in the Schoenbein Paper you used.  List your ozone concentration from your graph.

5. Compare your Schoenbein paper to other students.  Note, and account for, any differences you observe.  

6. Determine the wind direction or ventilation drafts during your study and discuss whether these may have affected your results (Hint:  Think about ozone sources nearby.). You may want to do a quick search for common ozone sources.
7. Compare your data with the data from  Air Now for Raleigh/Durham/ChapelHill.. You will need to put in your zip code at the top of the page (http://www.airnow.gov/index.cfm?action=airnow.showlocal&CityID=204 ). 

Based on the comparison, discuss the reliability of using Schoebein paper to measure tropospheric ozone.  How does your value compare to the value from Air Now?
8. Now go to the air quality management site located at Millbrook (https://xapps.ncdenr.org/aq/ambient/AmbtSite.jsp?loggerList=MQ&date=08%2F28%2F2014)

Record the current pollutant levels for  ozone, carbon monoxide (CO), trace level oxides of nitrogen (NOy), sulfur dioxide (SO2),  and PM2.5.  Include the units.

9. Use the EPA map to estimate the UV index at your test site (http://www.epa.gov/sunwise/uvindex.html).  What should you do when you have this index value? Explain how the UV index is related to the concentration of ozone present in the air. 
Schoenbein Color Scale
A copy of the Schoenbein color scale is available at http://teachertech.rice.edu/participants/lee/colorscale.html
[image: image1.jpg]



0             1             2              3            4             5              6             7             8             9           10                                                                                                                                                    
	Schoenbein Color Scale

	0 - 3
	Little to no change

	4 - 6
	Lavender hue

	7 - 10
	Blue or Purple


Relative Humidity Schoenbein Chart
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Relative Humidity Schoenbein Number Chart
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From: http://teachers.sduhsd.k12.ca.us/bbodas/APES%20Ozone%20Testing%20Lab%20Bodas.pdf

