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Memorandum — Activity M10:Test for Life — Measure a Chemical Reaction
To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 16 Dec. 2017 AD

Greetings,

Thank you for the reports on measuring the pH values of the various substances. After reviewing your results, the planetary scientists decided to recommend the most neutral substance as a preservative. Now the substance will be tested by other research teams for longevity, volatility, etc. 
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The next activity in this phase of this project involves a different measurement of materials that will someday be collected on the surface of the alien planet.

When the Viking landers arrived on Mars in 1976, their on-board computers directed them to conduct a series of tests to determine whether any organic material was in the Martian soil. A robot arm on each lander scooped up samples of dirt and put small amounts of the dirt into special test chambers on the spacecraft. Each chamber had a different set of instruments for testing for life.

We plan to use a variety of tests for life in our Mission to Other Worlds. One test uses hydrogen peroxide, a very reactive chemical that is used as an anti-infective. Hydrogen peroxide can cause living cells to die. Catalase is an enzyme that can break down hydrogen peroxide into harmless by-products, and most living organisms can produce catalase. 



Your team will work on the prototype chamber that will test for living organisms by using hydrogen peroxide. Your project manager has received the prototype chamber and some samples of soil for you to use.

The next section of this Workbook is the Procedure Outline for this activity. It will give you some ideas, but, as always, if you can improve on the methods or materials, please do so. Remember, read and heed the Safety Reminders in the outline.

Refer to the Technical Manual in Appendix B of this Workbook for more detailed information on this task.

Please submit your reports to the project manager so the manager can forward them to me.

Yours,

Joe Venus
Space Agency Administrator
Procedure Outline – Activity M10: Test for Life – Measure a Chemical Reaction
This is a LAB activity. 
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EQUIPMENT
Qty
OTHER
Qty

Pressure Sensor - Absolute (CI-6532)
1
Glycerin
1 mL

Bottle or flask, 250 mL
1
Hydrogen peroxide, 3% solution
50 mL

Connector (included with sensor)
1
Water
150 mL

Graduated cylinder, 100 mL
1
Soil samples (from project manager)
2

Plastic tubing (included with sensor)
20 cm



Quick-release connector (with sensor)
1
Per Student
Qty

Rubber stopper, 1-hole, to fit bottle
1
Protective gear
1 set

VOCABULARY
catalase
enzyme

What Do You Think?

What happens when hydrogen peroxide is mixed with a soil sample that contains organic material that can produce the catalase enzyme?

[image: image11..pict]Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

Catalase is an enzyme that can break down hydrogen peroxide. Hydrogen peroxide is a very active chemical that is often used as an anti-infective. It can poison other chemicals in a living cell causing the cell to die.

Catalase reduces the peroxide part of the hydrogen peroxide molecule into water and oxygen by the following reaction:

2 H2O2   +  Catalase  =====>  2 H2O + O2(g)  +  Catalase

(substrate)   (enzyme)                      (products )        (enzyme)
[image: image3.wmf]

Since catalase is not used up in the chemical reaction, the same enzyme can start another reaction. A substrate-enzyme reaction would cause oxygen to be released. The presence of the enzyme would tend to indicate the presence of a living organism.

SAFETY REMINDERS (LAB)
· Wear protective gear while handling chemicals.

· Follow directions for using the equipment.

· Dispose of all chemicals and solutions properly.
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Procedure Outline
[ √ ]
Remember, for more detailed information see Appendix B.

[image: image12..pict]In this activity, use a Pressure Sensor to measure the change in gas pressure inside a closed bottle or flask in which a soil sample has been mixed with dilute hydrogen peroxide. Determine whether the soil sample contains organic material that can produce the catalase enzyme.

[   ]
A. Set Up the Equipment

1.
Put a drop of glycerin on the barb end of a quick release connector. Put the barb end of the connector into one end of a 20 cm long piece of plastic tubing (included with the Pressure Sensor). 
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2.
Put a drop of glycerin on the barb end of the connector for the rubber stopper. Put the barb end of the connector into the other end of the plastic tubing.

3.
Put a drop of glycerin on the larger diameter end of the connector that will go into the rubber stopper, and insert the end into the rubber stopper. 

4.
Align the quick-release connector on the end of the plastic tubing with the connector on the pressure port of the pressure sensor. Push the connector onto the port, and then turn the connector clockwise until it clicks (about one-eighth turn). 
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5.
Put 25 mL of 3% hydrogen peroxide in a 100 mL graduated cylinder. Fill the cylinder to the 100 mL mark with 75 mL of water.

6.
Transfer the diluted peroxide solution to the flask.

7.
Be ready to put the rubber stopper into the neck of the flask after you add the first soil sample to be tested.

8.
Connect the Pressure Sensor’s DIN plug into Analog Channel A on the interface.
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[   ]
B. Set Up the Experiment
1.
Start ScienceWorkshop and open the ScienceWorkshop file as follows:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

M10 Test for Life.DS
M10 Test for Life
M10_LIFE.SWS

•
The file opens with a Digits display and a Table display of pressure, and a Graph display of pressure versus time. Data recording is set to stop automatically at 120 seconds.

[   ]
C. Do the Experiment

1.
Begin recording data. 

2.
Add the first soil sample to the flask with the dilute hydrogen peroxide and quickly put the rubber stopper into the neck of the flask. Push the stopper in firmly.

3.
Swirl the flask to thoroughly mix the soil sample into the solution. Hold the stopper down tightly. Data recording stops automatically at 120 seconds.

4.
After the first trial, slowly remove the rubber stopper to relieve any pressure inside the flask. Empty the flask and rinse it with water.

· Dispose of the soil sample and hydrogen peroxide as instructed.

5.
Put 25 mL of 3% hydrogen peroxide in a 100 mL graduated cylinder. Fill the cylinder to the 100 mL mark with 75 mL of water. Transfer the diluted peroxide solution to the flask.

6.
Be ready to put the rubber stopper into the neck of the flask after you add the second soil sample to be tested.

7.
Begin recording data again and then add the second soil sample to the flask. Repeat the procedure as before. Remember, remove the stopper slowly after data recording stops.

[   ]
D. Analyze the Data

1.
Examine the Table display and the Graph display to determine whether either soil sample had organic material that contained the catalase enzyme.

2.
Record your conclusions and answer the questions in the Report.

Report – Activity M10: Test for Life — Measure a Chemical Reaction
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NAME 
_________________________________ 

CLASS ____________________

DATE 
____________

[   ] What Do You Think?
What happens when hydrogen peroxide is mixed with a soil sample that contains organic material that can produce the catalase enzyme?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

 [   ] Analyze the Data

1.
For each soil sample you tested, examine the Table display and the Graph display to determine whether either soil sample had organic material that contained the catalase enzyme.

Data Table

Sample #
Beginning pressure
Final pressure
Change in pressure

1




2




· 2.
Sketch the plot of pressure versus time for each soil sample you tested.

 


[   ] Conclusion

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

[   ] Questions

1.
How does your answer to the ‘What Do You Think?’ question compare to the results?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

2.
Which soil sample is likeliest to contain organic material that has the catalase enzyme? What evidence is there to support your idea?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

3.
What other evidence besides the change in pressure was there to show that a chemical reaction was happening?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Complete the following:

VOCABULARY

catalase: 



enzyme: 



Submit this report to your project manager as soon as possible so it can be forwarded to the Space Agency administrator.
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