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Determining the purity of mixture can offer a chemist a number of options. Choosing the best process among the possibilities often involves considering factors such as complexity of the process, safety and handling, cost, and disposal of waste. In this investigation, you will practice various methods of testing a mixture. A major consideration in the testing, analysis, evaluation, and recommendation will be the principles of the laboratory concept known as Green Chemistry.
What is Green Chemistry? The U.S. Environmental Protection Agency (EPA) describes the mission of Green Chemistry as the design of chemical processes and products in a way that reduces and/or eliminates the production of substances that are hazardous to humans, animals, and the environment. The EPA defines Green Chemistry further by providing 12 principles:
· Prevent waste
· Maximize atom economy
· Design less-hazardous chemical syntheses
· Design safer chemicals and products
· Use safer solvents and reaction conditions
· Increase energy efficiency
· Use renewable feed stocks
· Avoid chemical derivatives
· Use catalysts rather than stoichiometric reagents
· Design chemicals and products to degrade after use
· Analyze in real time to prevent pollution
· Minimize the potential for accidents
In this investigation, you will be given a mixture of two solids: sodium carbonate and sodium hydrogen carbonate. Sodium carbonate is also known as washing soda. The common name for sodium hydrogen carbonate is baking soda. The objective of this investigation is to determine the amount of each substance in the mixture. There are many ways to accomplish this objective, three of which will be presented in the Initial Investigation.
In addition, you will evaluate the three methods of testing, with regard to accuracy, ease of operation, and the principles of Green Chemistry in order to recommend one method.
PRE-LAB ACTIVITY
1. Write the balanced chemical equations for the reaction between sodium carbonate and acetic acid and the reaction between sodium hydrogen carbonate and acetic acid.
2. Research the thermal stability of both sodium carbonate and sodium hydrogen carbonate. If you place a measured amount of either of these substances in a crucible and heat it over a flame or hot plate, will either or both decompose? If so, write the reaction equation for the decomposition.
3. If you have the same number of moles of sodium carbonate and sodium hydrogen carbonate in an aqueous solution, which substance will produce a greater number of ions?
INITIAL INVESTIGATION
In the Initial Investigation, you will practice three different laboratory test methods to learn more about sodium carbonate and sodium hydrogen carbonate, as well as their behavior in different physical or chemical circumstances.
Before starting, obtain 8–10 g samples of pure sodium carbonate, Na2CO3, and pure sodium hydrogen carbonate, NaHCO3. WARNING: Solid sodium bicarbonate, NaHCO3: May be harmful if swallowed. Treat as a non-food-grade chemical. WARNING: Sodium carbonate, Na2CO3: May be harmful if swallowed. Treat as a non-food-grade chemical. Prudent laboratory practices should be observed. 
Method I  Measure the Conductivity of Solutions
1. Obtain and wear goggles.
2. Collect the necessary lab materials to prepare solutions, and secure access to a balance that measures mass to an accuracy of ±0.01 g.
3. Prepare a solution of NaHCO3 by dissolving 0.20 g of NaHCO3 in sufficient distilled water to make 100.0 mL of solution. Prepare a solution of Na2CO3 by dissolving 0.20 g of Na2CO3 in sufficient distilled water to make 100.0 mL of solution.
4. Prepare a set of 4–6 mixtures of the NaHCO3 and Na2CO3 solutions. Prepare 10 mL total volume of each mixture and transfer the mixtures to 18 × 150 mm test tubes. Test tubes make is possible to use smaller total volumes. Create a data table in which to record the measurements.
5. Launch Graphical Analysis. Connect the Conductivity Probe to your Chromebook, computer, or mobile device.
6. Set up the data-collection mode.
a. Click or tap Mode to open Data Collection Settings. Change Mode to Event Based.
b. Enter Volume as the Event Name and mL as the Units. Click or tap Done.
7. Measure the conductivity of the mixtures of NaHCO3 and Na2CO3, and graph the data with respect to the volume of NaHCO3 in each mixture.
a. Immerse the tip of the Conductivity Probe in a test tube of one of the solutions of NaHCO3 and Na2CO3. Make sure the opening near the tip of the probe is completely immersed. After the reading stabilizes, select Keep. At the prompt, enter the volume of NaHCO3 in the mixture. Select Keep Point.
b. Rinse the probe with distilled water and pat it dry.
c. Continue to measure and record the conductivity of the remaining mixtures of the solutions of NaHCO3 and Na2CO3.
d. After the final mixture has been measured and graphed, stop data collection. Record the conductivity readings in your data table.
Method II  Thermal Decomposition and Gravimetric Analysis
8. Prepare a mixture of solid NaHCO3 and Na2CO3 with a total mass of 1–2 g and transfer the mixture to a crucible. Record the masses of the two compounds.
9. Measure and record the mass of an empty crucible, and then transfer the solid mixture to the crucible.
10. Set up a hot plate to heat your solid mixture to slightly warmer than 100°C.
11. Heat the solid mixture until you are confident that either or both compounds have fully decomposed. This may take several minutes.
12. Allow the solid mixture to cool to room temperature, and then measure the mass of the crucible and mixture.
13. Repeat Steps 11 and 12 until two mass measurements are the same.
Method III  Measure the Pressure Change of a Reaction
14. Measure out 10 mL of acetic acid and 15 mL of distilled water into a 125 mL Erlenmeyer flask. Unless otherwise informed, the acetic acid is vinegar with a concentration of 0.83 M. Caution: Treat all laboratory chemicals with caution. Prudent laboratory practices should be observed.
15. Carefully place a magnetic stirring bar into the flask.
16. Prepare the Gas Pressure Sensor for use.
a. In Graphical Analysis, click or tap File, , and choose New Experiment. Disconnect the Conductivity Probe and connect the Gas Pressure Sensor. If prompted to select a new experiment, click or tap Sensor Data Collection. The default data-collection mode (time-based) and the default settings are suitable for this method; no changes are needed.
b. Connect the Pressure Sensor, tubing, and white #5 stopper. You will later insert the stopper into the Erlenmeyer flask. Make sure the valve is closed.

Figure 1   
17. Run the reaction between Na2CO3 and acetic acid in the 125 mL Erlenmeyer flask. 
a. Measure 0.20 g of solid Na2CO3. WARNING: Sodium carbonate causes mild skin and eye irritation.
b. Start data collection.
c. Quickly add the solid Na2CO3 and stopper the flask. It is a good idea to stir the mixture gently to prevent the Na2CO3 from caking.
d. Stop data collection when the pressure no longer increases and you are certain the reaction has ceased.
18. Repeat Steps 14–17 to run the reaction between 0.20 g NaHCO3 and acetic acid. Note: The previous data set is automatically stored. 
19. Repeat Steps 14–17 to run the reaction between a 0.20 g mixture of Na2CO3 and NaHCO3 and acetic acid. Measure out 0.10 g of each solid to form the mixture. 
PLANNING FOR THE FINAL INVESTIGATION
You will be assigned an unknown mixture of Na2CO3 and NaHCO3, for which you will determine the % composition of each compound. To prepare for your work, review and discuss the data from the Initial Investigation. Consider the following points:
· In light of Green Chemistry principles, what are the pros and cons of the three methods of testing?
· Is one of the three methods more accurate than the other two?
· Is there value in including or excluding any of the methods?
· Can the methods be improved?
Develop a plan to use any or all of the three testing methods practiced in the Initial Investigation to determine the % composition of an unknown mixture of solid Na2CO3 and NaHCO3. Your plan should be designed to adhere closely to the principles of Green Chemistry and provide accurate, valid, and reliable data from which to make your calculations of % composition.
FINAL INVESTIGATION
As you carry out your approved plan, consider the following questions:
· Are you allowing extra time for conducting additional tests?
· Are you ensuring the best accuracy and precision with the available lab equipment?
· Did you implement specific Green Chemistry principles?
· Did you collect data to support the Green Chemistry principles important to the investigation?
ANALYZING RESULTS
When preparing your report, include
· A statement of the results: What was the percent composition of Na2CO3 and NaHCO3 in the unknown mixture assigned to your group?
· A description of the method that you used in the investigation. Include any changes that were made to the procedure that was used during the Initial Investigation.
· An analysis of the graphs and supporting calculations
· A discussion of the principles of Green Chemistry and their impact, positive or negative, on how you conducted your investigation
Additional items to consider including in your report
· A comparison of your results with the results from other groups
· Recommended modifications of the procedure that could increase accuracy, save time, or ensure that liquids are handled more efficiently and safely 
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