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i CENTRAL CHALLENGE

Akin Omore works for a large pharmaceutical company. Recently there have been
complaints of chipped or broken pills in bottles of the company’s popular Quick
Ache Relief product. Quick Ache Relief is a generic pain relief medication that
contains acetaminophen. One analytical team at the company, Team A, suspects
that the broken pills are the result of insufficient amounts of sucrose. Sucrose is
used as a binder to prevent the components of the pills from crumbling. Other
examples of binders include starch, cellulose, and silica gel. A second team at the
company, Team B, disagrees with this conclusion. This second team believes that
while binder ratios appear to be inaccurate, the chipped residue is the result of a
manufacturing problem in which tablets from a different product may have been
retained in the packaging machinery. They believe that the chipped residue is most
likely aspirin residue that was inadvertently carried over into the Quick Ache Relief
packaging process. Akin would like your group to testa sample of the product and
provide evidence supporting one of two hypotheses.

B CONTEXT FOR THIS INVESTIGATION

Many drugs are synthesized in batches and are frequently made at different physical
locations. Pharmaceutical companies assign a unique number to each batch of

a drug that is produced. This number is referred to as a lot number and allows
manufacturers to track any problems that may arise with a pharmaceutical product.
The Food and Drug Administration (FDA) requires food and drug manufacturers
to report products that pose a potential risk to the public. In November 2011,
Novartis OTC issued a voluntary recall on certain lots of select sizes of Excedrin,
NoDoz, Bufferin, and Gas-X ( http:/iwww.novartis-otc.com/index.html). This recall
was described as precautionary due to potential manufacturing errors that resulted
in products containing “stray tablets, capsules, or caplets from other products.”

Most commercially available pain relievers are mixtures that contain a number
of different substances. To isolate the components of the tablets, you will need

to take advantage of the differences in chemical and physical properties of each
component. Physical properties can be observed without changing the identity or
composition of a substance. Examples include solubility, boiling point, color, and
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density. Chemical properties, on the other hand, describe the way a substance may
change, or react, to form other substances. For example, acidic or basic substances
can be converted to water-soluble salts. This will allow separation from water-
insoluble substances in a mixture.

The Quick Ache Relief label lists sucrose as the binder and acetaminophen as
the active ingredient. In order to address Akin Omore’s request, your team must
separate the components of a sample of Quick Ache Relief.

The label on Quick Ache Relief lists the following percentages: 15% binder, 85%
acetaminophen. For experimental purposes, ranges of 12-18% binder and 82-88%
acetaminophen are sufficient to consider the label reasonably accurate. Based on
your experimental results, calculate the percent by mass of each component found
in your sample of Quick Ache Relief. Determine which research team (Team A or
Team B) at the company obtained results consistent with your experimental
findings.

Upon completion of the experiment, you will compose a report to Akin Omore at
the pharmaceutical company. The report should clearly discuss your experimental
results in the context of Akin Omore’s original request. Your report needs to detail
your methods, results, conclusions, and any sources of experimental error.

[ PRELAB GUIDING QUESTIONS/SIMULATIONS

Step 1: To facilitate safety and assist in designing an efficient procedure, your

group should develop a table of chemicals that lists the physical properties of the
chemicals involved in the experiment. For each compound, include the compound’s
name, molecular formula, molecular mass, and potential hazards. The websites
http://www.msdsonline.com/msds-search/and http://www.msds.com/ provide
references to MSDS information needed to design the table. Your teacher will
engage you in a whole-group discussion around the following guiding questions:

= What does each component have in common?

® What are their differences?

= What safety practices must be used when working with these substances?

Step 2: As part of the experimental design, your group will need to include a liquid-
liquid extraction. This video clip http/www.wonderhowto.com/how-to/video/
how-to-do-a-liquid-liquid-extraction-in-the-chemistry-lab-259811/view/ shows
students the basics of using a separatory funnel and how to perform liquid-liquid

extractions. Be prepared to share your response to the following question with the
whole class.

= Would you be able to separate the components using two liquids in the same container?

Step 3: This video clip http://www.wonderhowto.com/how-to/video/how-to-dry-
an-organic-solution-in-the-chemistry-lab-259802/view/ shows students the basics
of using an anhydrous reagent to remove water from an organic solution. View the
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video clip and be prepared to share your response to the following question with
the whole class.

= s there a way to remove water from a liquid solvent?

Step 4: Answer the following questions and be prepared to share your answers in a
whole-group discussion:

a. Explain the difference(s) between intramolecular and intermolecular forces.
h. Provide two examples of evidence of a chemical reaction.

. Describe the physical property that will help you determine which layer in the
separatory funnel is the aqueous layer (containing sodium hydrogen carbonate) and
which is the organic layer (containing ethyl acetate).

d. A student was given a 5.00 gram sample of a mixture containing three substances, A,
B, and C. Using the physical and chemical properties of each component, the student
recovered 2.51 grams of substance A, 1.36 grams of substance B, and 0.98 grams of
substance C. Calculate the percent composition of A, B, and C. Calculate the percent
recovery.

B PREPARATION

Materials

Quick Ache | Ethyl acetate, 10% Sodium | 6 M Anhydrous
Relief, ~3 g (CH,COOC,H,) 50 mL hydrogen hydrochloric | magnesium
carbonate acid (HCI) sulfate (MgSO,)

(NaHCOQ 15 mL ~5g
50mL
100 mL glass | 125 mL Erlenmeyer flasks | pH paper Separatory Buchner funnel
beakers funnels
Glass funnel | Side arm flasks Vacuum Filter paper, | Graduated
filtration circular to cylinders
apparatus fit Buchner

funnel and
glass funnel

Digital Glass stirring rod Watch glass | Hot plate Drying oven,
balances optional

Safety and Disposal

The acid and base solutions require careful handling as they can cause skin burns
and eye damage. Ethyl acetate is flammable. You should wear safety goggles at all
times and use extreme caution when heating. Chemical waste should be disposed
of properly as per teacher’s instructions. Liquid waste should be placed in an
appropriate container.
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B PRACTICE WITH INSTRUMENTATION AND PROCEDURE

You should practice gravimetric analysis and separation techniques before
beginning the guided inquiry of the lab. Liquid-liquid separation techniques can be
practiced using an organic solvent such as hexane and water in order to visualize
different layers of clear liquids. Your teacher will provide further instruction if
required.

B INVESTIGATION

Procedure

You should work in pairs to investigate the properties of each of the components
and design an experimental procedure to separate the components of Quick Ache
Relief. Using the reagents provided and information from the relevant MSDS,
experimentally determine the physical and chemical characteristics of sucrose,
acetaminophen, and aspirin (acetylsalicylic acid), such as solubility and reactivity.

Using the information gained in the prelab, design an experiment to separate each
component of Quick Ache Relief. Outline the stages involved in the experiment.
For each stage, relate what’s happening chemically to what is happening
experimentally. Your method should be complete enough to allow you to isolate
each component in your sample of Quick Ache Relief. Include proper chemical
names, sequencing of steps, times, amounts, required precision, concentrations of
solutions, etc. Flowcharts are recommended, or this section can be presented in two
columns.

Experimental Steps: The left column should | What's Happening: Describe what is
identify the step-by-step actions of the happening chemically in each step of the
experiment. experiment.

Data Collection and Computation

1. Calculate the percent by mass of each component by dividing the sum of the masses of
all recovered components by the mass of the Quick Ache Relief that you started with
multiplied by 100.

2. Calculate the percent recovery of Quick Ache Relief based on the total mass of the
components recovered multiplied by 100.

Argumentation and Documentation

Upon completion of the experiment, you and your partner should generate
individual reports to Akin Omore at the pharmaceutical company that:

1. Clearly state the goal(s) of the experiment;

2. Discuss the outcome of the experiment and whether the goal(s) were achieved;
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3. Provide experimental evidence that support your conclusions;
4. Explain any potential sources of experimental error;
5. Suggest methods for additional analysis; and

6. Discuss within your team what is necessary to include in a report to the company and
create a rubric to be used in grading reports.

% POSTLAB ASSESSMENT

You should generate a series of statements describing the particulate level changes
that occurred during each stage of separation. A summary paragraph should
outline why each stage was necessary.

B SUPPLEMENTAL RESOURCES

Links
“Excedrin Recall Media Release” Novartis. Accessed July 29, 2012.
http://www.novartis.com/newsroom/media-releases/en/2012/1575836.shtml

“Tylenol Murders TruTV Summary” TruTV. Accessed July 29, 2012.
http://www.trutv.com/library/crime/terrorists_spies/terrorists/tylenol_murders/
index.html|
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