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Over-the-counter pain medications can be tricky to formulate into tablets because there are contradictory goals. First, the tablets should not chip or break apart when stored in a bottle with other tablets. Second, the tablets should fall apart easily when a person chews or swallows them.
In the scenario for this investigation, you are a formulations chemist working for a pharmaceutical company. Your company has received numerous complaints about one of your products—a pain medication tablet that is a simple combination of acetaminophen and sucrose. The sucrose is added as a binder. Customers have opened bottles of the product to find most of the tablets chipped and cracked. The team in charge of production has presented your group with two theories for the chipping problem. 
1. The tablet formula, which should be 85% acetaminophen and 15% sucrose, by mass, is incorrect. This makes the binding properties weak and therefore parts of the tablet chip off when struck by other tablets in a bottle. 
2. The acetaminophen has been contaminated with a small amount of aspirin, and the aspirin is causing the tablets to chip and crack.
The objective of this investigation is to determine which theory is a more plausible explanation for the problem of the chipped and cracked tablets.
Your group will be given a powdered sample of the pain relief medication taken from a bottle of tablets. In addition, you will have samples of pure acetaminophen, sucrose, and aspirin to test.
The Initial Investigation will give you practice with two analysis techniques to help investigate the problem with the tablets. In Part I, you will use a Vernier Melt Station to measure the melting temperature of a pure substance and a mixture. It will be helpful to consult reference sources and learn more about the melting temperatures of pure substances and mixtures. In Part II, you will practice a technique for separating a mixture of acetaminophen and sucrose.
PRE-LAB ACTIVITY
There are two possible paths to follow in this investigation because the two theories about the chipping tablets can be tested by different methods. The first theory is that the ratio of acetaminophen to sucrose is incorrect, thus the goal of your test method is to determine this ratio. The ideal ratio is 85% acetaminophen and 15% sucrose (by mass), but an acceptable range is 
82–88% acetaminophen and 12–18% sucrose. The second theory proposes that a contaminant, aspirin, is present in the tablet mixture, thus your goal in this case is to determine whether or not aspirin is in the tablet mixture.
Conduct research to
· Learn more about the effect on the melting temperature of a contaminated substance.
· Determine the melting temperatures of acetaminophen, aspirin, and sucrose.
· Find the best technique for separating acetaminophen from aspirin.
initial investigation
In the Initial Investigation, you will practice two methods of testing compounds for purity. In the first method, you will measure the melting temperature of a set of samples of the pain relief tablet described in the introduction. In the second method, you will practice separating and quantifying the components of the pain relief tablet.
Method I  Measuring the Melting Temperature of a Solid
1. Obtain and wear goggles.
2. Obtain small amounts of aspirin and acetaminophen. If the substances are not in powder form, use a mortar and pestle to grind the aspirin and acetaminophen into fine powders. WARNING: Acetylsalicylic acid (aspirin) causes skin irritation, eye irritation, and can be harmful if swallowed. WARNING: Acetaminophen causes skin irritation, eye irritation, respiratory tract irritation, and can be harmful if swallowed. 
3. Prepare the Melt Station for use.
a. Check the control dial on the Melt Station to confirm that it is in the Off position. Connect the Melt Station power supply to a powered electrical outlet. 
b. Turn the control dial to the cooling fan position.
c. Launch Graphical Analysis. Connect the Melt Station to your Chromebook, computer, or mobile device. The Melt Station is now set up to take melting temperature data for up to 20 minutes. 
4. Pack a capillary tube 2–3 mm deep with powdered aspirin by inserting the open end of the capillary tube into a small pile of aspirin. A tiny amount of the solid will be jammed up into the tube.
5. Wipe off any loose solid that is on the outside of the capillary tube. Tap the closed end of the capillary tube on the table top to compress the sample.
6. Carefully place the capillary tube of solid into one of the three slots in the heating block of the Melt Station. Adjust the angle of the Melt Station for a better look at the sample.
7. Start data collection. Set the temperature for rapid heat, slowing to the appropriate setting when it approaches the melting temperature of aspirin. In the first trial, observe the melting process and make a rough estimate of the melting temperature of the sample. Do not worry if the heating rate is a bit too fast.
8. Record the temperature at which he aspirin particles first begin to melt. Record the temperature again when all the aspirin has melted.
9. After the aspirin melts, stop data collection. Turn the temperature control knob to the cooling setting to turn on the fan and cool the heating block.
10. Repeat Steps 4–9 with a second sample of aspirin. Heat the sample more slowly, a warming rate of ~1°C/minute, near the melting temperature observed in the first run. In this manner, a more accurate melting temperature can be measured. Note: The previous data set is automatically stored. 
11. Repeat the necessary steps to measure the melting temperature of acetaminophen.
12. Dispose of the capillary tubes of melted compounds as directed by your instructor.
Method II  Separating Two Solid Substances
Note: Obtain the materials and reagents necessary to separate a solid mixture of acetaminophen and sucrose: balance (±0.001 g accuracy is best), filter funnel, ring stand, ring, filter paper, two small Erlenmeyer flasks, hot plate, fume hood, and 50 mL of ethyl acetate. Measure the mass of at least one of the Erlenmeyer flasks before conducting the separation.
13. Obtain small amounts (3–4 g each) of acetaminophen and sucrose. Prepare a 3.00 g mixture of the two solids to be 85% acetaminophen and 15% sucrose. WARNING: Acetaminophen causes skin irritation, eye irritation, respiratory tract irritation, and can be harmful if swallowed. Prudent laboratory practices should be observed.
14. Transfer the mixture to a small Erlenmeyer flask and add 50 mL of ethyl acetate to the flask. Swirl the flask gently for about a minute. Acetaminophen is soluble in ethyl acetate. DANGER: Ethyl acetate, CH3COOC2H5: Keep away from heat, sparks, open flames, and hot surfaces—highly flammable liquid and vapor. Causes serious eye irritation. Avoid breathing mist, vapors, or spray. May cause drowsiness or dizziness.
15. Set up a filter funnel and filter. Pour the liquid through the funnel, collecting it in a new flask. Set the filter paper aside to dry.
16. Working in a fume hood, gently warm the flask of solution until all the ethyl acetate has evaporated.
17. Allow the flask to cool to room temperature and then measure its mass. After the filter paper has dried, measure its mass. From these mass measurements, confirm the percent composition of your mixture of acetaminophen and sucrose.
Planning for the final investigation
Discuss the results of the two methods of testing. In your discussion, it will be helpful to review the accuracy of the two methods and consider how to use either or both methods to achieve your objective.
You will be given a 5–6 g sample of the pain relief product, harvested from a bottle of the product in tablet form that had suffered significant tablet chipping. Your instructor will also provide samples of pure acetaminophen, sucrose, and aspirin. Devise a plan to answer the question: Which theory presents a better explanation for the pain relief tablets chipping in their container? Recall, from the introductory remarks, the theories include
1. The ratio of active ingredient (acetaminophen) to binder (sucrose) is incorrect. The correct proportion, by mass, is 85% acetaminophen and 15% sucrose.
2. The acetaminophen has been contaminated with a very small amount of aspirin.
final INVESTIGATION
As you carry out your approved plan, consider the following questions:
· What are the number of data-collection runs needed to achieve the best results?
· What is the best way to organize the lab work to minimize measurement error?
· What is the best method of operating the sensors to ensure optimum accuracy?
ANALYZing RESULTS
When preparing your report, include
· A statement of the results: Which of the two theories offers the more plausible explanation for the problem of tablet chipping?
· A description of the procedure that you used in the investigation, including any changes that were made to the method that was used during the Initial Investigation
· An analysis of the graphs and supporting calculations
Additional items to consider including in your report
· A comparison of your results with those of other groups testing different tablet samples
· Recommended modifications of the procedure to increase accuracy, save time, or handle samples more efficiently and safely
· Recommended alternate testing measures that could be taken to solve the problem
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