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PREFACE 2

We have been pleased by the favorable response that the first edition of our textbook
on microscale techniques received. We recognize the features that made the original edi-
tion successful, and we have attempted to maintain these strengths in our revisions. Never-
theless, we felt that some improvements were necessary, and these improvements should
enhance this second edition.

In preparing the new edition, we focused on two important areas. First, we devoted
considerable effort toward improving the safety of the experiments. The introductory
chapter, ‘‘Laboratory Safety,”’ has been extensively rewritten to place greater emphasis on
the safe use and disposal of hazardous chemicals. Information describing Material Safety
Data Sheets and Right-to-Know laws has been added. Second, we have devoted substan-
tial effort to improving the reliability of our experiments. In some cases, we found it
advisable to increase the scale of the experiments in order to improve student success.
Although we have adjusted the scale of the experiments, we have nevertheless tried to be
faithful to the original concept of the microscale laboratory by keeping the overall scale of
experiments at a level at which they can still be accomplished in microscale glassware.

Besides modifying virtually all the experiments from the original edition, we have
added some new experiments. These include:

Experiment 15 4-Methylcyclohexene
Experiment 18 Markovnikov and Anti-Markovnikov Hydration of 1-Methylcyclohexene
Experiment 37 Reactions of Diazonium Salts

Experiment 51 Esterification Reactions of Vanillin: The Use of NMR to Solve a Struc-
ture Proof Problem

Experiment 55 Analysis of a Diet Soft Drink by HPLC

One of the criticisms of microscale organic laboratory courses is that students do not
receive adequate training in the use of conventional-scale equipment, nor do they gain
experience in such traditional techniques as extractions using separatory funnels or distil-
lations using distillation heads and condensers. We are sensitive to this criticism and have
endeavored to include a selection of conventional-scale experiments to give students an
opportunity to master these techniques. In this edition, we have included some new con-
ventional-scale experiments, including:

Experiment 56 Preparation of a C-4 or C-5 Acetate Ester
Experiment 60 Isolation of Essential Oils from Allspice. Cloves, Cumin, Caraway, Cin-

namon, or Fennel

In addition, we have added a new Techniques chapter, Technique 13, “*High-Perfor-
mance Liquid Chromatography (HPLC).”” Each of the new experiments and modifications
has been class-tested. We believe that these additions and modifications will greatly en-
hance the book.

vii



viii Preface

We should also like to point out that an instructor’s manual accompanies our text-
book and is available from Saunders College Publishing. The Instructor’s Manual contains
complete instructions for the preparation of reagents and equipment for each experiment,
as well as answers to each of the questions. Other comments that should prove helpful to
the instructor are also included in the instructor’s manual. We strongly recommend that
instructors obtain a copy of this manual.

We owe our sincere thanks to the many colleagues who have used our textbooks and
who have offered their suggestions for changes and improvements in our laboratory proce-
dures. Although we cannot mention everyone who has made valuable contributions, we
must make special mention of Cathy Lyle (Bellevue Community College), Rosemary
Fowler (Cottey College), Siegfried Lodwig (Centralia Community College), James Patter-
son (University of Washington), and John Rodriguez (Ace Glass Company).

The manuscript was reviewed and helpful criticism was provided by Professors
Charles M. Garner (Baylor University), Ronald G. Lawler (Brown University), Barbara J.
Mayer (California State University, Fresno), Dennis McMinn (Gonzaga University),
Mitchell A. Rhea (Davidson College), Marietta Schwartz (University of Massachusetts,
Boston), and Edward E. Waali (University of Montana). We also thank the many faculty
members who responded with helpful comments to our information survey.

We have also received a great deal of important assistance from persons who work
on our own campuses. We especially thank Armando Herbelin, Denice Hougen, Ruth
McCrea, Michael McVay, Terry Meredith, Mary O’Brien, Ruth Schoonover, and Mark
Wicholas. Our institutions, Western Washington University, Green River Community
College, and Edmonds Community College, as well as The Western Foundation, have
provided us with financial support and travel funds.

We owe a word of thanks to our many colleagues within the state of Washington and
nationally who have been so willing to share their comments and suggestions. We particu-
larly acknowledge the fruitful conversations that we have had at various meetings of the
Washington College Chemistry Teachers Association and the Biennial Conferences on
Chemical Education.

Production of this textbook was capably handled by Saunders College Publishing
and York Graphic Services. We thank all who contributed, with special thanks to our
Developmental Editor, Sandi Kiselica, and to our Project Editor, Laura Shur.

We are especially grateful to the students and friends who have volunteered to
participate in the development of microscale experiments or who offered help and criti-
cism. We thank John Arthur, Kirsten Ballweg, Shan Clark, Tod Companion, Shane Crow-
der, Mark Drinkwine. Nancy Meder Duncan, Melissa Eiene, Audrey Helm, Douglas
Henry, Julie Krell. Brenda Crook Luciano, Todd McPherron, Daniel Morris, Matthew
Rosa. Colby Rowland, Sarah Teurman, Philip Trimmer, Laura Ullery, Paula Vander Veen,
Jim Verburg, and Julie Whitney.

Finally, we must thank our families and special friends, especially Neva-Jean Pavia,
Marian Lampman, Carolyn Kriz, and Tawny, for their encouragement, support, and pa-
tience.

Donald L. Pavia
Gary M. Lampman
George S. Kriz
Randall G. Engel
October 1994
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EXPERIMENTS WHICH CAN BE
PERFORMED WITH MINIMAL
EQUIPMENT £

A frequently-expressed criticism of microscale methods in the organic chemistry
laboratory is that the initial expense of purchasing specialized glassware kits and other
equipment is excessive. We believe, however, that this is not necessarily the case and that
a large variety of experiments can be accomplished with only minimal equipment.

The experiments listed below can be executed satisfactorily using equipment which
includes:

Erlenmeyer flasks, 20—-50 mL
Beakers, 30 mL

Filter flasks, 50 mL

Hirsch funnels

Screw-capped centrifuge tubes, 15 mL
Pasteur pipets

Microscale spatulas

Watch glasses

Using these pieces of equipment, which are likely to be found in most laboratories, the
instructor can select an interesting variety of experiments. Note that very few of these
experiments involve the isolation of liquids (see the following list). The isolation of most
liquids requires specialized pieces of glassware that are not included in the above list.

Experiment Title
1 Isolation of the Active Ingredient in an Analgesic Drug
2 Acetylsalicylic Acid
3 Acetaminophen (this must be scaled up to avoid use of a Craig tube)
4 TLC Analysis of Analgesic Drugs
5 Isolation of Caffeine from Tea (without the final sublimation step)
9 Isolation of Chlorophyll and Carotenoid Pigments from Spinach
10 Reactivities of Some Alkyl Halides
26 Coenzyme Synthesis of Benzoin
27 Benzil
28 Benzilic Acid
29 Tetraphenylcyclopentadienone
30 The Aldol Condensation: Preparation of Benzalacetones and Ben-

zalacetophenones (use a Hirsch funnel instead of a Craig tube)

XV
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In addition, there are several conventional-scale experiments that appear in our book.
These experiments utilize glassware that is already present in the conventional organic

Experiments which Can Be Performed with Minimal Equipment

1.4-Diphenyl-1,3-Butadiene

Relative Reactivities of Several Aromatic Compounds
Nitration of Methyl Benzoate

Reactions of Diazonium Salts

Chromatography of Some Dye Mixtures

Preparation of a Detergent

Preparation and Properties of Polymers: Polyester, Nylon, and Poly-
styrene

The Diels—Alder Reaction of Cyclopentadiene with Maleic Anhydride
(scale up to allow the use of a Hirsch funnel instead of the Craig tube)

Benzyne Formation and the Diels—Alder Reaction: Preparation of

1,2.3.4-Tetraphenylnaphthalene
Photoreduction of Benzophenone
Luminol

Identification of Unknowns
Carbohydrates

Analysis of a Diet Soft Drink by HPLC

NOTE: The experiments cited in this list avoid the preparation of liquid
samples. It is an easy matter, however, to add experiments which uti-
lize conventional-scale equipment for the preparation of liquid sam-
ples. In this way, you can begin performing microscale with very little
specialized equipment and then work your way up to a fully-devel-
oped microscale laboratory by purchasing individual pieces to aug-
ment your microscale equipment over time.

laboratory.

A
)

60

Resolution of (*)-a-Phenylethylamine and Determination of Optical

Purity

Preparation of a C-4 or C-5 Acetate Ester
Synthesis of r-Pentyl Chloride

Nitration of Methyl Benzoate

Hydrolysis of Methyl Salicylate

Isolation of Essential Oils from Allspice, Cloves, Cumin, Caraway, Cin-

ramon, or Fennel
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2 Introduction

WELCOME TO ORGANIC CHEMISTRY! 5

Organic chemistry can be fun, and we hope to prove it to you. The organic chemistry
laboratory, using microscale experiments, is also a pleasant place to work. The laboratory
environment is cleaner and safer than has been true with traditional laboratories, and the
level of skills that you will develop will be higher. The personal satisfaction that comes
with performing a sophisticated experiment skillfully and successfully will be great.

To get the most out of the laboratory course, you should strive to do several things.
First, you need to understand the organization of this laboratory manual and how to use
the manual effectively. It is your guide to learning. Second, you must try to understand
both the purpose and the principles behind each experiment you do. Third, you must try to
organize your time effectively before each laboratory period.

ORGANIZATION OF THE TEXTBOOK

Consider briefly how this textbook is organized. There are four introductory chap-
ters. of which this Welcome is the first; a chapter on laboratory safety is second; advance
preparation and laboratory records make up the third; and laboratory glassware is the
fourth. Beyond these introductory chapters, the textbook is divided into five parts. Part
One contains nine experiments, which are intended to introduce you to most of the essen-
tial techniques of microscale organic chemistry. Part One also contains an introductory
essay that outlines the basic methods of microscale laboratory. This essay contains several
laboratory exercises designed to provide practical experience in these methods. We rec-
ommend that you perform all or most of the experiments in Part One. Part Two consists of
43 experiments, which may be assigned as part of your laboratory course. Your instructor
will choose a set of these experiments. Part Three is devoted to the identification of
organic compounds, and it contains three experiments that provide experience in the
analytical aspects of organic chemistry. Interspersed within these first three parts of the
textbook are numerous covering essays that provide background information related to the
experiments. Part Four contains five experiments intended to provide experience with
important conventional-scale methods. These include conventional-scale filtration, crys-
tallization, and extraction, plus use of a separatory funnel, simple distillation, and frac-
tional distillation. There is also an essay that describes how to scale up a reaction. Part
Five is composed of a series of detailed instructions and explanations dealing with the
techniques of organic chemistry, with particular reference to microscale methods.

The techniques are extensively developed and used, and you will become familiar
with them in the context of the experiments. Within each experiment, you will find a
section, ‘‘Required Reading,”” that indicates which techniques you should study to do that
experiment. Extensive cross-referencing to the techniques chapters in Part Five is included
in each experiment. Each experiment also contains a section called *‘Special Instruc-
tions,”” which lists special safety precautions and specific instructions to you the student.
Finally, each experiment contains a section entitled ‘“Waste Disposal,”” which provides




Welcome to Organic Chemistry 3

instruction on the correct means of disposing of the reagents and materials used during the
experiment.

The Appendices to this textbook contain sections dealing with infrared spectroscopy,
nuclear magnetic resonance, and °C nuclear magnetic resonance. Many of the experi-
ments included in Parts One, Two, Three, and Four utilize these spectroscopic techniques,
and your instructor may choose to add them to other experiments.

ADVANCE PREPARATION

It is essential to plan carefully for each laboratory period so that you will be able to
keep abreast of the material you will learn in your organic chemistry laboratory course.
You should not treat these experiments as a novice cook would treat The Good House-
keeping Cookbook. You should come to the laboratory with a plan for the use of your time
and some understanding of what you are about to do. A really good cook does not follow
the recipe line-by-line with a finger, nor does a good mechanic fix your car with the
instruction manual in one hand and a wrench in the other. In addition, it is unlikely that
you will learn much if you try to follow the instructions blindly, without understanding
them. We can’t emphasize strongly enough that you should come to the lab prepared.

If there are items or techniques that you do not understand, you should not hesitate to
ask questions. You will learn more, however, if you figure things out on your own. Don’t
rely on others to do your thinking for you.

You should read the chapter entitled ‘‘Advance Preparation and Laboratory Rec-
ords’’ right away. Although your instructor will undoubtedly have a preferred format for
keeping records, much of the material here will help you learn to think constructively
about laboratory experiments in advance. It would also save time if, as soon as possible,
you read the first six techniques chapters in Part Five. These techniques are basic to all
experiments in this textbook. You should also read the essay, ‘‘Introduction to Microscale
Laboratory,”” on pp 42-59. The laboratory class will begin with experiments almost imme-
diately, and a thorough familiarity with this particular material will save you much valu-
able laboratory time.

It is also very important to read the chapter called ‘‘Laboratory Safety.”” It is your
responsibility to know how to perform the experiments safely and how to understand and
evaluate the risks that are associated with laboratory experiments. Knowing what to do
and what not to do in the laboratory is of paramount importance, since the laboratory has
many potential hazards associated with it.

BUDGETING TIME

As mentioned in the ‘“Advance Preparation’’ section of this chapter, you should read
several chapters of this book even before your first laboratory class meeting. You should
also read the assigned experiment carefully before every class meeting. Having read the
experiment will allow you to schedule your time wisely. Often you will be doing more
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than one experiment at a time. Experiments like the fermentation of sugar or the chiral
reduction of ethyl acetoacetate require a few minutes of advance preparation one week
ahead of the actual experiment. At other times you will have to catch up on some unfin-
ished details of a previous experiment. For instance, usually it is not possible to determine
a yield accurately or a melting point of a product immediately after you first obtain the
product. Products must be free of solvent to give an accurate weight or melting point
range; they have to be “‘dried.”” Usually, this drying is done by leaving the product in an
open container on your desk or in your locker. Then, when you have a pause in your
schedule during the subsequent experiment. you can determine these missing data using a
sample that is dry. Through careful planning you can set aside the time required to per-
torm these miscellaneous experimental details.

THE PURPOSE

The main purpose of an organic laboratory course is to teach you the techniques
necessary for a person dealing with organic chemicals. You will learn how to handle
equipment that is becoming increasingly common in many laboratories. You will also
learn the techniques needed for separating and purifying organic compounds. If the appro-
priate experiments are included in your course, you may also learn how to identify un-
known compounds. The experiments themselves are only the vehicle for learning these
techniques. The technique chapters in Part Five are the heart of this textbook, and you
should learn these techniques thoroughly. Your instructor may provide laboratory lectures
and demonstrations explaining the techniques, but the burden is on you to master them by
familiarizing yourself with these chapters.

Besides good laboratory technique and the methods of carrying out basic laboratory
procedures, other things you will learn from this laboratory course are

r-

How to take data carefully.

How to record relevant observations.

How to use your time effectively.

How to assess the efficiency of your experimental method.

How to plan for the isolation and purification of the substance you prepare.
How to work safely.

How to solve problems and think like a chemist.

B
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In choosing experiments, we have tried whenever possible to make them relevant,
and. more importantly, interesting. To that end, we have tried to make them a learning
experience of a different kind. Most experiments are prefaced by a background essay to
place things in context and to provide you with some new information. We hope to show
you that organic chemistry pervades your lives (drugs, foods, plastics, perfumes, and so
on). Furthermore. you should leave your course well trained in organic laboratory tech-
nigues. We are enthusiastic about our subject and hope you will receive it with the same
spirit.
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LABORATORY SAFETY el

In any laboratory course, familiarity with the fundamentals of laboratory safety is
critical. Any chemistry laboratory, particularly an organic chemistry laboratory, can be a
dangerous place in which to work. Understanding potential hazards will serve well in
minimizing that danger for you. We have attempted to point out specific hazards in the
experiments found in this textbook. However, it is ultimately your responsibility, along
with the laboratory instructor, to make sure that all laboratory work is carried out in a safe
manner.

SAFETY GUIDELINES

The introduction of microscale techniques has significantly lessened many of the
dangers found in organic laboratories; however, you still must take many precautions.
Your laboratory instructor will advise you of the specific rules for your laboratory. The
following list of safety guidelines should be observed in all organic laboratories.

1. Eye Safety

Always Wear Approved Safety Glasses or Goggles. This sort of eye protection
must be worn whenever you are in the laboratory. Even if you are not actually carrying out
an experiment, a person near you might have an accident that could endanger your eyes, so
eye protection is essential. Even dish washing may be hazardous. We know of cases in
which a person has been cleaning glassware only to have an undetected piece of reactive
material explode, sending fragments into the person’s eyes. To avoid this sort of accident.
it is necessary to wear your safety glasses at all times. We recommend that contact lenses
not be worn in the laboratory, even when safety goggles are worn over them. Contact
lenses can trap chemicals against the eye and make it difficult to wash the eye quickly.
Soft contact lenses present an additional hazard because they can absorb harmful chemical
vapors.

Learn the Location of Eyewash Facilities. If there are eyewash fountains in your
laboratory, you should determine which one is nearest to you before you start to work. In
case any chemical enters your eyes. go immediately to the eyewash fountain and flush
your eyes and face with large amounts of water. If an eyewash fountain is not available,
the laboratory will usually have at least one sink fitted with a piece of flexible hose. When
the water is turned on, this hose can be aimed upward and directly into the face, thus
working much like an eyewash fountain. The water flow rate should not be set too high
and the temperature should be slightly warm in order to avoid damage to the eyes.
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2. Fires

Use Care with Open Flames in the Laboratory. Because an organic chemistry
laboratory course deals with flammable organic solvents, the danger of fire is frequently
present. Because of this danger, DO NOT SMOKE IN THE LABORATORY. Further-
more, exercise supreme caution when you light matches or use any open flame. Always
check to see whether your neighbors on either side, across the bench, and behind you are
using flammable solvents. If so, either delay your use of a flame or move to a safe
location, such as a fume hood, to use your open flame. Many flammable organic sub-
stances are the source of dense vapors that can travel for some distance down a bench.
These vapors present a fire danger, and you should be careful, since the source of those
vapors may be far away from you. Do not use the bench sinks to dispose of flammable
solvents. If your bench has a trough running along it, pour only water (No flammable
solvents!) into it. The troughs and sinks are designed to carry water from the condenser
hoses and aspirators—not flammable materials.

Learn the Location of Fire Extinguishers, Fire Showers, and Fire Blankets. For
your own protection in case of a fire, you should learn immediately where the nearest fire
extinguisher, fire shower, and fire blanket are. You should learn how these safety devices
are operated, particularly the fire extinguisher. Your instructor can demonstrate how to
operate it.

If you have a fire, the best advice is to get away from it and let the instructor or
laboratory assistant take care of it. DON’T PANIC! Time spent in thought before action is
never wasted. If it is a small fire in a container, it usually can be extinguished quickly by
placing a wire gauze screen with a ceramic fiber center or, possibly, a watch glass, over
the mouth of the container. It is good practice to have a wire screen or watch glass handy
whenever you are using a flame. If this method does not take care of the fire and if help
from an experienced person is not readily available, then extinguish the fire yourself with
a fire extinguisher.

Should your clothing catch on fire, DO NOT RUN. Walk purposefully toward the
fire shower station or the nearest fire blanket. Running will fan the flames and intensify
them.

3. Organic Solvents: Their Hazards

Avoid Contact with Organic Solvents. It is essential to remember that most organic
solvents are flammable and will burn if they are exposed to an open flame or a match.
Remember also that upon repeated or excessive exposure some may be toxic or carcino-
genic (cancer causing) or both. For example, many chlorocarbon solvents, when accumu-
lated in the body, cause liver deterioration similar to the cirrhosis caused by the excessive

usc of ethanol. The body does not rid itself easily of chlorocarbons nor does it detoxify
them: thus, they build up over time and may cause illness in the future. Some chlorocar-
bons are also suspected 1o be carcinogens. MINIMIZE YOUR EXPOSURE. Long-term
exposure 10 benzene may cause a form of leukemia. Don’t sniff benzene, and avoid
spilling 1t on yourself. Many other solvents, such as chloroform and ether, are good

anesthetics and will put you to sleep if you breathe too much of them. They subsequently
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cause nausea. Many of these solvents have a synergistic effect with ethanol, meaning that
they enhance its effect. Pyridine causes temporary impotence. In other words, organic
solvents are just as dangerous as corrosive chemicals, such as sulfuric acid, but manifest
their hazardous nature in other, more subtle ways.

If you are pregnant, you may want to consider taking this course at a later time.
Some exposure to organic fumes is inevitable, and any possible risk to an unborn baby
should be avoided.

In this textbook, carcinogenic chemicals or highly toxic solvents are called for only
in a few experiments and when they are absolutely necessary to perform a particular
procedure. Special precautions will be given when the use of these chemicals is required.

Minimize any direct exposure to solvents and treat them with respect. The laboratory
room should be well ventilated. Normal cautious handling of solvents should not cause
any health problem. If you are trying to evaporate a solution in an open container, you
must do the evaporation in the hood. Excess solvents should be discarded in a container
specifically intended for waste solvents, rather than down the drain at the laboratory
bench.

A sensible precaution is to wear gloves when working with solvents. Gloves made
from polyethylene are inexpensive and provide good protection. The disadvantage of
polyethylene gloves is that they are slippery. Disposable surgical gloves provide a better
grip on glassware and other equipment, but they do not offer as much protection as
polyethylene gloves.

Do Not Breathe Solvent Vapors. If you want to check the odor of a substance (not a
solvent), you should be careful not to inhale very much of the material. The technique for
smelling flowers is not advisable here; you could inhale dangerous amounts of the com-
pound. Rather, a technique for smelling minute amounts of a substance is used. You
should pass a stopper or spatula moistened with the substance (if it is a liquid) under your
nose. Alternatively, you may hold the substance away from you and waft the vapors
toward you with your hand. But you should never hold your nose over the container and
inhale deeply!

On page 18 the hazards associated with organic solvents you are likely to encounter
in the organic laboratory are discussed in detail. By using proper safety precautions, your
exposure to harmful organic vapors will be minimized and should present no health risk.

4. Waste Disposal

Do Not Place Any Organic Liquids or Solids into Sinks; Use Waste Containers.
Many organic substances are toxic, flammable, and difficult to degrade: it is not accept-
able to dispose of organic solvents or solids by pouring them down the sink. Municipal
sewage-treatment plants are not equipped to remove these materials from sewage. Further-
more, with volatile and flammable materials. a spark or an open flame can cause an
explosion in the sink or further down the drains.

The appropriate disposal method for wastes is to place them into appropriately la-
beled waste containers. These containers should be placed in the hoods in the laboratory.
When these containers are filled, they should be disposed of safely either by incineration
or by burial in a designated hazardous-waste dump.
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Specific guidelines for disposing of waste will be determined by the people in charge
of your particular laboratory and by local regulations. One system for handling waste
disposal is presented here. For each experiment in this textbook, you will be instructed to
dispose of all wastes in one of the following ways:

Nonhazardous Solids. Nonhazardous solids such as paper and corks can be placed into an
ordinary wastebasket.

Broken Glassware. Broken glassware should be put into a container specifically desig-
nated for broken glassware.

Organic Solids. Solid products that are not turned in or any other organic solids should be
disposed of in the container designated for organic solids.

Inorganic Solids. Solids such as alumina and silica gel should be placed into a container
specifically designated for them.

Nonhalogenated Organic Solvents. Organic solvents such as diethyl ether, hexane, tolu-
ene, or any solvent that does not contain a halogen atom, should be disposed of in the
container designated for nonhalogenated organic solvents.

Halogenated Solvents. Methylene chloride (dichloromethane), chloroform, and carbon
tetrachloride are examples of common halogenated organic solvents. Dispose of all halo-
genated solvents into the container designated for them.

Strong Inorganic Acids and Bases. Strong acids such as hydrochloric, sulfuric, and nitric
acid and strong bases such as sodium hydroxide and potassium hydroxide should be
neutralized. diluted with water, and poured down the drain.

Heavy Metals. Many heavy metal ions such as mercury and chromium are highly toxic
and should be disposed of into specifically designated waste containers.

5. Use of Flames

Even though organic solvents are frequently flammable (for example, hexane, di-
ethyl ether, methanol. acetone, and petroleum ether), there are certain laboratory proce-
dures for which a flame may be used. Most often these procedures involve an aqueous
solution. In fact, as a general rule, use a flame to heat only aqueous solutions. Heating
methods that do not use a flame are discussed in detail in Technique 3, starting on page
569. Most organic solvents boil below 100°C, and an aluminum block, sand bath, or water
bath may be used to heat these solvents safely. A listing of common organic solvents is
given in Table 3.1, page 569. of Technique 3. Solvents marked in that table with boldface
type will burn. Diethyl ether, pentane, and hexane are especially dangerous, because in
combination with the correct amount of air, they may explode.

Some common sense rules apply to using a flame in the presence of flammable
solvents. Again, we stress that you should check to see whether anyone in your vicinity is
using flammable solvents before you ignite any open flame. If someone is using a flamma-
ble solvent. move to a safer location before you light your flame. Your laboratory should
have an arca set aside for using a burner to prepare micropipets or other pieces of glass-
wdre.

The drainage troughs or sinks should never be used to dispose of flammable organic
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solvents. They will vaporize if they are low boiling and may encounter a flame further
down the bench on their way to the sink.

6. Inadvertently Mixed Chemicals

To avoid unnecessary hazards of fire and explosion, never pour any reagent back
into a stock bottle. There is always the chance that you may accidentally pour back some
foreign substance that will react explosively with the chemical in the stock bottle. Of
course, by pouring reagents back into stock bottles you may introduce impurities that
could spoil the experiment for the person using the stock reagent after you. Pouring things
back into bottles is thus not only a dangerous practice, but it is also inconsiderate. This
also means that you should not take more chemicals than you need.

7. Unauthorized Experiments

You should never undertake any unauthorized experiments. The risk of an accident is
high, particularly with an experiment that has not been completely checked to reduce the
hazard. You should never work alone in the laboratory. The laboratory instructor or super-
visor must always be present.

8. Food in the Laboratory

Because all chemicals are potentially toxic, you should avoid accidentally ingesting
any toxic substance; therefore, never eat or drink any food in the laboratory. There is
always the possibility that whatever you are eating or drinking may become contaminated
with a potentially hazardous material.

9. Clothing

You should always wear shoes in the laboratory. Even open-toed shoes or sandals
offer inadequate protection against spilled chemicals or broken glass. Do not wear your
best clothing in the laboratory because some chemicals can make holes or permanent
stains on your clothing. To protect yourself and your clothing, it is advisable to wear a
full-length laboratory apron or coat. When working with chemicals that are very toxic, you
should wear some type of gloves. Polyethylene gloves provide good protection. Dispos-
able surgical gloves may offer protection when working with some chemicals. On a final
note, you should tie back hair that is shoulder length or longer, especially if you are
working with a burner.

10. First Aid: Cuts, Minor Burns, and Acid or Base Burns

Note: Any injury, no matter how small, must be reported to your in-
structor immediately.
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If any chemical enters your eyes, immediately irrigate the eyes with copious quanti-
ties of water. Tempered (slightly warm) water, if it is available, is preferable. Be sure that
the eyelids are kept open. Continue flushing the eyes in this way for 15 minutes.

In case of a cut, wash the wound well with water, unless you are specifically in-
structed to do otherwise. If necessary, apply pressure to the wound to stop the flow of
blood.

Minor burns caused by flames or contact with hot objects may be soothed by imme-
diately immersing the burned area in cold water or cracked ice for about 5 minutes.
Applying salves to burns is discouraged. Severe burns must be examined and treated by a
physician.

For chemical acid or base burns, rinse the burned area with copious quantities of
water for at least 10 minutes.

If you accidentally ingest a chemical, immediately begin drinking large quantities of
water while proceeding immediately to the nearest medical assistance. It is important that
the examining physician be informed of the exact nature of the substance ingested.

RIGHT-TO-KNOW LAWS

The federal government and most state governments now require that employers
provide their employees with complete information about hazards in the work place.
These regulations are often referred to as Right-to-Know Laws. At the federal level the
Occupational Safety and Health Administration (OSHA) is charged with enforcing these
regulations.

In 1990, the federal government extended the Hazard Communication Act, which
established the Right-to-Know Law, to include a provision that requires the establishment
of a Chemical Hygiene Plan at all academic laboratories. Every college and university
chemistry department should have a Chemical Hygiene Plan. Having this plan means that
all the safety regulations and laboratory procedures should be written in a manual. The
plan also provides for the training of all employees in laboratory safety. Your laboratory
instructor and assistants should have this training.

One of the components of Right-to-Know Laws is that employees and students have
access to information about the hazards of any chemicals with which they are working. In
this textbook we alert you to dangers to which you need to pay particular attention.
However, you may want to seck additional information. Two excellent sources of infor-
mation are labels on the bottles that come from a chemical manufacturer and Material
Safety Data Sheets (MSDSs). The MSDSs are also provided by the manufacturer and must
be kept available for all chemicals used at educational institutions.

Material Safety Data Sheets

Reading an MSDS for a chemical can be a daunting experience, even for a experi-
enced chemist. They contain a wealth of information, some of which must be decoded to
understand. A partial MSDS for methanol is shown on pages 13-17. Only the information
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that might be of interest to you is shown here. You may wish to refer to these pages while
reading the paragraphs that follow.

Section I. The first part of Section I identifies the substance by name, formula, and
various numbers and codes. Most organic compounds have more than one name. In this
case, the systematic (or [UPAC) name is methanol, and the other names are common
names or are from an older system of nomenclature. The CAS No. (Chemical Abstract
Service Number) is often used to identify a substance, and it may be used to access
extensive information about a substance found in many computer databases or in the
library.

The Baker SAF-T-DATA System is found on all MSDSs and bottle labels for chemi-
cals supplied by J. T. Baker, Inc. For each category listed, the number indicates the degree
of hazard. The lowest number is 0 (very low hazard) and the highest number is 4 (extreme
hazard). The Health category refers to the danger involved when a substance is inhaled,
ingested, or absorbed. Flammability indicates the tendency of a substance to burn. Reac-
tivity refers to how reactive a substance is with air, water, or other substances. The last
category, Contact, refers to how hazardous a substance is when it comes in contact with
external parts of the body. Note that this rating scale is applicable only to Baker MSDSs
and labels; other rating scales with different meanings are also in common use.

Section II. The information contained in Section II refers to hazards associated with
mixing of chemicals. In the organic laboratory, you will be dispensing pure substances;
therefore, the information contained in Section II is not likely to be useful.

Section III. The odor threshold in Section III can sometimes be of use in determin-
ing whether a substance can be detected by odor before it has reached a dangerous level. If
the odor threshold for a substance is lower than the TLV (discussed in Section V), then
most people will be able to smell a substance before the concentration has reached a toxic
level. For example, chlorine gas has a TLV of 1 ppm (parts per million), while the odor
threshold is 0.314 ppm. Because these levels are similar, the concentration level is near the
toxic level if you can smell chlorine gas.

Section IV. In Section 1V is found the NFPA (National Fire Protection Association)
rating. This is similar to the Baker SAF-T-DATA System (discussed in Section I), except
that the number represents the hazards when a fire is present. The order here is Health,
Flammability, and Reactivity. Often this is presented in graphic form on a label (see
figure). The small diamonds are often color coded: blue for health, red for flammability,
and yellow for reactivity. The bottom diamond (white) is sometimes used to display
graphic symbols denoting unusual reactivity, hazards, or special precautions to be taken.

Flammability
(red)
/y
Health y Reactivity
blie) < T N 0 (yellow)
\\ \//
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Section V. Much valuable information is found in Section V. To help you under-
stand this material, some of the more important terms used here are defined:

Threshold Limit Value (TLV). The American Conference of Governmental Industrial
Hygienists (ACGIH) developed the TLV. This is the maximum concentration of a sub-
stance in air that a person should be exposed to on a regular basis. It is usually expressed
in ppm (parts per million) or mg/m’. Note that this value assumes that a person is exposed
to the substance 40 hours per week, on a long-term basis. This value may not be particu-
larly applicable in the case of a student performing an experiment in a single laboratory
period.

Permissible Exposure Limit (PEL). This has the same meaning as TLV; however, PELs
were developed by OSHA. Note that for methanol the TLV and PEL are both 200 ppm.

Lethal Dose, 50 % Mortality (I.Ds,). This is the dose of a substance that will kill 50% of
the animals administered a single dose of this amount. Different means of administration
are used, such as oral, intraperitoneal (injected into the lining of the abdominal cavity),
subcutaneous (injected under the skin), and applied to the surface of the skin. The LDsq is
usually expressed in milligrams (mg) of substance per kilogram (kg) of animal weight.
The lower the value of LD, the more toxic the substance. It is assumed that the toxicity in
humans will be similar.

Without considerably more knowledge about chemical toxicity, this information is
most useful for comparing the toxicity of one substance to another. For example, TLV for
methanol is 200 ppm, whereas the TLV for benzene is 10 ppm. Clearly, performing an
experiment involving benzene would require much more stringent precautions than an
experiment involving methanol. One of the LDs5, values for methanol is 5628 mg/kg. The
comparable LDs, value of aniline is 250 mg/kg. Clearly, aniline is much more toxic, and
since it is easily absorbed through the skin it presents a significant hazard.

[t should also be mentioned that both TLV and PEL ratings assume that the worker
comes in contact with a substance on a repeated and long-term basis. Thus, even if a
chemical has a relatively low TLV or PEL, this does not mean that using it for one
experiment will present a danger to you. Furthermore, by performing experiments at the
microscale level with proper safety precautions, your exposure to organic chemicals in
this course will be minimal.

Section V also provides helpful information for emergency and first aid procedures.
Specific information about the reactivity of a substance is given in Section VI. This
information could be important to consider before carrying out an experiment not previ-
ously done. The last part of this MSDS, Section VII, deals with procedures for handling
spills and disposal. The information about spills could be very helpful, particularly if a
large amount of a chemical were spilled.

Bottle Labels

Reading the fabel on a bottle can be a very helpful way of learning about the hazards
of a chemical. The amount of information varies greatly, depending on which company
supplied the chemical.



Laboratory Safety

13

/

J. T. BAKER CHEMICAL CO. 222 RED SCHOOL LANE, PHILLIPSBURG, NJ 08865
MATERIAL SAFETY DATA SHEET
24-HOUR EMERGENCY TELEPHONE -- (308) 859-2151

CHEMTREC # (800) 424-9300 - NATIONAL RESPONSE CENTER # (800) 424-8802

M2015 MO6 METHANOL
EFFECTIVE: 03/09/92 ISSUED: 03/28/92

J. T. BAKER INC., 222 RED SCHOOL LANE, PHILLIPSBURG, NJ 08865

SECTION | - PRODUCT IDENTIFICATION

PRODUCT NAME: METHANOL

COMMON SYNONYMS: METHYL ALCOHOL; WOOD ALCOHOL; CARBINOL; METHYLOL;
WOOD SPIRIT

CHEMICAL FAMILY: ALCOHOLS

FORMULA: CH30H

FORMULA WT.: 32.04

CAS NO.: 67-56-1

NIOSH/RTECS NO.: PC1400000

PRODUCT USE: LABORATORY REAGENT

PRODUCT CODES: 9049,9063,9076,9091,5370,9074,6808,9127,9098,5807,9073,

9071,5811,5217,9075,9090,9093,P704,9069,5536,9263,3070,
9077,9072,9068

PRECAUTIONARY LABELING

BAKER SAF-T-DATA* SYSTEM

HEALTH - 3 SEVERE (POISON)
FLAMMABILITY = 3 SEVERE (FLAMMABLE)
REACTIVITY = 1 SLIGHT

CONTACT = 1 SLIGHT

LABORATORY PROTECTIVE EQUIPMENT

GOGGLES & SHIELD; LAB COAT & APRON; VENT HOOD; PROPER GLOVES; CLASS B
EXTINGUISHER

U. S. PRECAUTIONARY LABELING

POISON DANGER
FLAMMABLE. HARMFUL IF INHALED. CANNOT BE MADE NON-POISONOUS. MAY BE FATAL OR
CAUSE BLINDNESS IF SWALLOWED.
KEEP AWAY FROM HEAT, SPARKS, FLAME. DO NOT GET IN EYES, ON SKIN, ON CLOTHING.
AVOID BREATHING VAPOR. KEEP IN TIGHTLY CLOSED CONTAINER. USE WITH ADEQUATE
VENTILATION. WASH THOROUGHLY AFTER HANDLING. IN CASE OF FIRE, USE ALCOHOL
FOAM, DRY CHEMICAL, CARBON DIOXIDE - WATER MAY BE INEFFECTIVE. FLUSH SPILL AREA
WITH WATER SPRAY.

~

J

-

~——
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INTERNATIONAL LABELING )
HIGHLY FLAMMABLE. TOXIC BY INHALATION AND IF SWALLOWED.
KEEP OUT OF REACH OF CHILDREN. KEEP CONTAINER TIGHTLY CLOSED. KEEP AWAY FROM
SOURCES OF IGNITION - NO SMOKING. AVOID CONTACT WITH SKIN.

SAF-T-DATA* STORAGE COLOR CODE: RED (FLAMMABLE)

SECTION Il - HAZARDOUS COMPONENTS

SECTION Ili - PHYSICAL DATA

BOILING POINT: 65 C (149 F) VAPOR PRESSURE (MMHG): 96
(AT 760 MMHG) (20 C)

MELTING POINT: -98 C (-144 F) VAPOR DENSITY (AIR=1): 1.11
(AT 760 MMHG)

SPECIFIC GRAVITY: 0.79 EVAPORATION RATE: 4.6
{(H20 =1) (BUTYL ACETATE = 1)

SOLUBILITY{H20): COMPLETE (100%) % VOLATILES BY VOLUME: 100

(21 C)
PH: N/A
ODOR THRESHOLD (P.P.M.): N/A PHYSICAL STATE: LIQUID

COEFFICIENT WATER/OIL DISTRIBUTION: N/A

APPEARANCE & ODOR: CLEAR, COLORLESS LIQUID. PUNGENT ODOR.

SECTION IV - FIRE AND EXPLOSION HAZARD DATA

FLASH POINT (CLOSED CUP): 12 C (54 F) NFPA 704M RATING: 1-3-0
AUTOIGNITION TEMPERATURE: 463 C (867 F)

FLAMMABLE LIMITS: UPPER - 36.0 % LOWER - 6.0 %

FIRE EXTINGUISHING MEDIA

USE ALCOHOL FOAM, DRY CHEMICAL OR CARBON DIOXIDE. (WATER MAY BE
INEFFECTIVE.)
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SPECIAL FIRE-FIGHTING PROCEDURES

FIREFIGHTERS SHOULD WEAR PROPER PROTECTIVE EQUIPMENT AND SELF-CONTAINED
BREATHING APPARATUS WITH FULL FACEPIECE OPERATED IN POSITIVE PRESSURE
MODE. MOVE CONTAINERS FROM FIRE AREA IF IT CAN BE DONE WITHOUT RISK. USE

WATER TO KEEP FIRE-EXPOSED CONTAINERS COOL.

UNUSUAL FIRE & EXPLOSION HAZARDS

VAPORS MAY FLOW ALONG SURFACES TO DISTANT IGNITION SOURCES AND FLASH
BACK. CLOSED CONTAINERS EXPOSED TO HEAT MAY EXPLODE. CONTACT WITH
STRONG OXIDIZERS MAY CAUSE FIRE. BURNS WITH A CLEAR, ALMOST INVISIBLE

FLAME.

TOXIC GASES PRODUCED
CARBON MONOXIDE, CARBON DIOXIDE, FORMALDEHYDE

EXPLOSION DATA-SENSITIVITY TO MECHANICAL IMPACT
NONE IDENTIFIED

EXPLOSION DATA-SENSITIVITY TO STATIC DISCHARGE
NONE IDENTIFIED

SECTION V - HEALTH HAZARD DATA

THRESHOLD LIMIT VALUE (TLV/TWA): 260 MG/M3 (200 PPM)
THE TLV LISTED DENOTES TLV (SKIN).

SHORT-TERM EXPOSURE LIMIT (STEL): 310 MG/M3 (250 PPM)
PERMISSIBLE EXPOSURE LIMIT (PEL): 260 MG/M3 (200 PPM)
TOXICITY OF COMPONENTS

ORAL RAT LD50 FOR METHANOL

INTRAPERITONEAL RAT LD50 FOR METHANOL

SUBCUTANEOUS MOUSE LD50 FOR METHANOL

SKIN RABBIT LD50 FOR METHANOL

CARCINOGENICITY: NTP: NO IARC: NO Z LIST: NO

CARCINOGENICITY
NONE IDENTIFIED.

REPRODUCTIVE EFFECTS
NONE IDENTIFIED.

_

5628 MG/KG
9540 MG/KG
9800 MG/KG
20 G/KG
OSHA REG: NO

~

-
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INHALATION:

SKIN CONTACT:

EYE CONTACT:

SKIN ABSORPTION:

INGESTION:

CHRONIC EFFECTS:

TARGET ORGANS

PRIMARY ROUTES OF ENTRY

INGESTION:

INHALATION:

SKIN CONTACT:

EYE CONTACT:

GENERIC CLASS:
TSCA INVENTORY:

/EFFECTS OF OVEREXPOSURE

IS HARMFUL AND MAY BE FATAL, HEADACHE, NAUSEA,
VOMITING, DIZZINESS, NARCOSIS, RESPIRATORY FAILURE, LOW
BLOOD PRESSURE, CENTRAL NERVOUS SYSTEM DEPRESSION
IRRITATION, PROLONGED CONTACT MAY CAUSE DERMATITIS
IRRITATION, MAY CAUSE TEMPORARY CORNEAL DAMAGE

NONE IDENTIFIED

IS HARMFUL AND MAY BE FATAL, BLINDNESS, HEADACHE,
NAUSEA, VOMITING, DIZZINESS, GASTROINTESTINAL IRRITATION,
CENTRAL NERVOUS SYSTEM DEPRESSION, HEARING LOSS

KIDNEY DAMAGE, LIVER DAMAGE

EYES, SKIN, CENTRAL NERVOUS SYSTEM, Gl TRACT, RESPIRATORY SYSTEM, LUNGS
MEDICAL CONDITIONS GENERALLY AGGRAVATED BY EXPOSURE

EYE DISORDERS, SKIN DISORDERS, LIVER OR KIDNEY DISORDERS

INHALATION, INGESTION, EYE CONTACT, SKIN CONTACT, ABSORPTION

EMERGENCY AND FIRST AID PROCEDURES

CALL A PHYSICIAN. IF SWALLOWED, IF CONSCIOUS, GIVE LARGE
AMOUNTS OF WATER. INDUCE VOMITING.

IF INHALED, REMOVE TO FRESH AIR. IF NOT BREATHING, GIVE
ARTIFICIAL RESPIRATION. IF BREATHING IS DIFFICULT, GIVE
OXYGEN.

IN CASE OF CONTACT, IMMEDIATELY FLUSH SKIN WITH PLENTY
OF WATER FOR AT LEAST 15 MINUTES WHILE REMOVING
CONTAMINATED CLOTHING AND SHOES. WASH CLOTHING
BEFORE RE-USE.

IN CASE OF EYE CONTACT, IMMEDIATELY FLUSH WITH PLENTY
OF WATER FOR AT LEAST 15 MINUTES.

SARA/TITLE Il HAZARD CATEGORIES AND LISTS
ACUTE: YES CHRONIC: YES FLAMMABILITY: YES PRESSURE: NO REACTIVITY: NO
EXTREMELY HAZARDOUS SUBSTANCE: NO

CERCLA HAZARDOUS SUBSTANCE: YES CONTAINS METHANOL (RQ = 5000 LBS)
SARA 313 TOXIC CHEMICALS: YES CONTAINS METHANOL

COos
YES
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SECTION VI - REACTIVITY DATA

STABILITY: STABLE HAZARDOUS POLYMERIZATION: WILL NOT OCCUR

CONDITIONS TO AVOID: HEAT, FLAME, OTHER SOURCES OF IGNITION

INCOMPATIBLES: STRONG OXIDIZING AGENTS, STRONG ACIDS, ZINC, ALUMINUM,
MAGNESIUM

DECOMPOSITION PRODUCTS: CARBON MONOXIDE, CARBON DIOXIDE, FORMALDEHYDE

SECTION VII - SPILL & DISPOSAL PROCEDURES

STEPS TO BE TAKEN IN THE EVENT OF A SPILL OR DISCHARGE
WEAR SELF-CONTAINED BREATHING APPARATUS AND FULL PROTECTIVE CLOTHING.
SHUT OFF IGNITION SOURCES; NO FLARES, SMOKING OR FLAMES IN AREA. STOP LEAK
IF YOU CAN DO SO WITHOUT RISK. USE WATER SPRAY TO REDUCE VAPORS. TAKE UP
WITH SAND OR OTHER NON-COMBUSTIBLE ABSORBENT MATERIAL AND PLACE INTO
CONTAINER FOR LATER DISPOSAL. FLUSH AREA WITH WATER.

J. T. BAKER SOLUSORB(R) SOLVENT ABSORBENT IS RECOMMENDED FOR SPILLS OF THIS
PRODUCT.

DISPOSAL PROCEDURE
DISPOSE IN ACCORDANCE WITH ALL APPLICABLE FEDERAL, STATE, AND LOCAL
ENVIRONMENTAL REGULATIONS.

EPA HAZARDOUS WASTE NUMBER: U154 (TOXIC WASTE)

SECTION Vill - INDUSTRIAL PROTECTIVE EQUIPMENT

SECTION IX - STORAGE AND HANDLING PRECAUTIONS

SECTION X - TRANSPORTATION DATA AND ADDITIONAL INFORMATION
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Apply some common sense when you read MSDSs and bottle labels. Using these
chemicals does not mean you will suffer the consequences described for each chemical.
For example, an MSDS for sodium chloride states: ‘‘Exposure to this product may have
serious adverse health effects.”” In spite of the apparent severity of this cautionary state-
ment, it would not be reasonable to expect people to stop using sodium chloride in a
chemistry experiment or to stop sprinkling a small amount of it (as table salt) on eggs to
enhance their flavor. In many cases, the consequences described in MSDSs from exposure
to chemicals are somewhat overstated, particularly for students using these chemicals to
perform a microscale laboratory experiment.

COMMON SOLVENTS

Most organic experiments involve an organic solvent at some step in the procedure.
A list of common organic solvents follows, with a discussion of toxicity, possible carcino-
genic properties, and precautions that you should use when handling these solvents. A
tabulation of the compounds currently suspected of being carcinogens appears at the end
of this chapter.

Acetic Acid. Glacial acetic acid is corrosive enough to cause serious acid burns on
the skin. Its vapors can irritate the eyes and nasal passages. Care should be exercised not to
breathe the vapors and not to allow them to escape into the laboratory.

Acetone. Relative to other organic solvents, acetone is not very toxic. It is flamma-
ble, however. Do not use near open flames.

Benzene. Benzene can cause damage to bone marrow; it is a cause of various blood
disorders, and its effects may lead to leukemia. Benzene is considered a serious carcino-
genic hazard. Benzene is absorbed rapidly through the skin. It also poisons the liver and
kidneys. In addition, benzene is flammable. Because of its toxicity and its carcinogenic
properties. benzene should not be used in the laboratory; you should use some less danger-
ous solvent instead. In this textbook, no experiments call for benzene. Toluene is consid-
ered a safe alternative solvent in procedures that specify benzene.

Carbon Tetrachloride. Carbon tetrachloride can cause serious liver and kidney
damage as well as skin irritation and other problems. It is absorbed rapidly through the
skin. In high concentrations, it can cause death, owing to respiratory failure. Moreover,
carbon tetrachloride is suspected of being a carcinogenic material. Although this solvent
has the advantage of being nonflammable (in the past, it was used on occasion as a fire
extinguisher), it should not be used routinely in the laboratory since it causes health
problems. If no reasonable substitute exists, however, it must be used in small quantities,
as in preparing samples for infrared (IR) and nuclear magnetic resonance (NMR) spectros-
copy. In such cases, you must use it in a hood.

Chloroform. Chloroform is like carbon tetrachloride in its toxicity. It has been used
as an anesthetic. However, chloroform is currently on the list of suspect carcinogens.
Because of this, do not use chloroform routinely as a solvent in the laboratory. Occasion-
ally, it may be necessary to use chloroform as a solvent for special samples. Then, you
must use it in a hood. Methylene chloride is usually found to be a safer substitute in
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procedures that specify chloroform as a solvent. Deuterochloroform CDCl; is a common
solvent for NMR spectroscopy. Caution dictates that you should treat it with the same
respect as chloroform.

1,2-Dimethoxyethane (Ethylene Glycol Dimethyl Ether or Monoglyme). Because it
is miscible with water, it is a useful alternative to solvents such as dioxane and tetrahydro-
furan, which may be more hazardous. 1,2-Dimethoxyethane is flammable and should not
be handled near open flames. On long exposure to light and oxygen, explosive peroxides
may form. 1,2-Dimethoxyethane is a possible reproductive toxin.

Dioxane. Dioxane has been used widely because it is a convenient, water-miscible
solvent. It is now suspected, however, of being carcinogenic. Additionally, it is toxic,
affecting the central nervous system, liver, kidneys, skin, lungs, and mucous membranes.
Dioxane is also flammable and tends to form explosive peroxides when it is exposed to
light and air. Because of its carcinogenic properties, it is no longer used in the laboratory
unless absolutely necessary. Either 1,2-dimethoxyethane or tetrahydrofuran is a suitable,
water-miscible alternative solvent.

Ethanol. Ethanol has well-known properties as an intoxicant. In the laboratory, the
principal danger arises from fires, since ethanol is a flammable solvent. When using
ethanol, take care to work where there are no open flames.

Diethyl Ether (Ether). The principal hazard associated with diethyl ether is fire or
explosion. Ether is probably the most flammable solvent one is likely to find in the
laboratory. Because the vapors are much more dense than air, they may travel along a
laboratory bench for a considerable distance from their source before being ignited. Be-
fore you begin to use ether, it is very important to be sure that no one is working with
matches or any open flame. Ether is not a particularly toxic solvent, although in high
enough concentrations it can cause drowsiness and perhaps nausea. It has been used as a
general anesthetic. Ether can form highly explosive peroxides when exposed to air. Conse-
quently, you should never distill it to dryness.

Hexane. Hexane may be irritating to the respiratory tract. It can also act as an
intoxicant and a depressant of the central nervous system. It can cause skin irritation
because it is an excellent solvent for skin oils. The most serious hazard, however, comes
from its flammable nature. The precautions recommended for the use of diethyl ether in
the presence of open flames apply equally to hexane.

Ligroin. See Hexane.

Methanol. Much of the material outlining the hazards of ethanol applies to metha-
nol. Methanol is more toxic than ethanol; ingestion can cause blindness and even death.
Because methanol is more volatile, the danger of fires is more acute.

Methylene Chloride (Dichloromethane). Methylene chloride is not flammable.
Unlike other members of the class of chlorocarbons, it is not currently considered a
serious carcinogenic hazard. Recently, however, it has been the subject of much serious
investigation, and there have been proposals to regulate it in industrial situations where
workers have high levels of exposure on a day-to-day basis. Methylene chloride is less
toxic than chloroform and carbon tetrachloride. It can cause liver damage when ingested,
however, and its vapors may cause drowsiness or nausea.

Pentane. See Hexane.

Petroleum Ether. See Hexane.
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Pyridine. There is some fire hazard associated with pyridine. The most serious
hazard arises from its toxicity, however. Pyridine may cause depression of the central
nervous system; irritation of the skin and respiratory tract; damage to the liver, kidneys,
and gastrointestinal system; and even temporary sterility. You should treat pyridine as a
highly toxic solvent and handle it only in the fume hood.

Tetrahydrofuran. Tetrahydrofuran may cause irritation of the skin, eyes, and respi-
ratory tract. It should never be distilled to dryness, since it tends to form potentially
explosive peroxides on exposure to air. Tetrahydrofuran does present a fire hazard.

Toluene. Unlike benzene, toluene is not considered a carcinogen. However, it is at
least as toxic as benzene. It can act as an anesthetic and cause damage to the central
nervous system. If benzene is present as an impurity in toluene, then one must expect the
hazards associated with benzene to manifest themselves. Toluene is also a flammable
solvent, and the usual precautions about working near open flames should be applied.

You should not use certain solvents in the laboratory because of their carcinogenic
properties. Benzene, carbon tetrachloride, chloroform, and dioxane are among these sol-
vents. For certain applications, however, notably as solvents for infrared or NMR spec-
troscopy. there may be no suitable alternative solvent. When it is necessary to use one of
these solvents, safety precautions are recommended, or you will be referred to the discus-
sion in Technique 19.

Because relatively large amounts of solvents may be used in a large organic labora-
tory class, your laboratory supervisor must take care to store these substances safely. Only
the amount of solvent that is needed for a particular experiment being conducted should be
kept in the laboratory room. The preferred location for bottles of solvents being used
during a class period is in a hood. When the solvents are not being used, they should be
stored in a fireproof storage cabinet for solvents. If possible, this cabinet should be venti-
lated into the fume hood system.

CARCINOGENIC SUBSTANCES

A carcinogenic substance is one that causes cancer in living tissue. It should be
pointed out that in determining whether a substance is carcinogenic, the normal procedure
is o expose laboratory animals to high dosages over a long period. It is not clear whether
short-term exposure to these chemicals carries with it a comparable risk, but it is prudent
10 use these substances with special precautions. There are only a few experiments in this
book in which a procedure calls for the use of a carcinogenic substance. We clearly
indicate when this occurs and give special precautions. If you follow all safety precautions

n this textbook for handling such substances, your exposure will be very brief and
minimal. if at all.

Many regulatory agencies have compiled lists of carcinogenic substances or sub-

stanc spected of being carcinogenic. Because there are inconsistencies in these lists,
compiling a definitive list of carcinogenic substances is difficult. The accompanying table

includ mmon substances that arc found in many of these lists.
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Acetamide 4-Methyl-2-oxetanone (B-butyrolactone)
Acrylonitrile 1-Naphthylamine

Asbestos 2-Naphthylamine

Benzene N-Nitroso compounds
Benzidine 2-Oxetanone (3-propiolactone)
Carbon tetrachloride Phenacetin

Chloroform Phenylhydrazine and its salts
Chromic oxide Polychlorinated biphenyl (PCB)
Coumarin Progesterone

Diazomethane Styrene oxide
1,2-Dibromoethane Tannins

Dimethyl sulfate Testosterone

p-Dioxane Thioacetamide

Ethylene oxide Thiourea

Formaldehyde o-Toluidine

Hydrazine and its salts Trichloroethylene

Lead(II) acetate Vinyl chloride
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ADVANCE PREPARATION AND
LABORATORY RECORDS L

In the welcoming chapter of this book, we mentioned the importance of advance
preparation for laboratory work. Presented here are some suggestions about what specific
information you should try to obtain in your advance studying. Because much of this
information must be obtained while preparing your laboratory notebook, the two subjects,
advance study and notebook preparation, are developed simultancously.

An important part of any laboratory experience is learning to maintain very complete
records of every experiment undertaken and every item of data obtained. Far too often,
careless recording of data and observations has resulted in mistakes, frustration, and lost
time due to needless repetition of experiments. If reports are required, you will find that
proper collection and recording of data can make your report writing much easier.

Because organic reactions are seldom quantitative, special problems result. Fre-
quently. reagents have to be used in large excess to increase the amount of product. Some
reagents are expensive, and, therefore, care in the amounts of these substances used is
necessary. Very often, many more reactions take place than you desire. These extra reac-
tions, or side reactions, may form other products besides the desired product. These are
called side products. For all these reasons, you must plan your experimental procedure
carefully before undertaking the actual experiment.

THE NOTEBOOK

For recording data and observations during experiments, use a bound notebook. The
notebook should have consecutively numbered pages. If it does not, you should number
the pages immediately. A spiral-bound notebook or any other type from which the pages
can be removed easily is not acceptable, since the possibility of losing the pages is great.

All data and observations must be recorded in the notebook. Paper towels, napkKins,
toilet tissue, or scratch paper have a tendency to become lost or destroyed. It is bad
laboratory practice to record information on such random and perishable pieces of paper.
All entries in your notebook must be recorded in permanent ink. It can be frustrating to
have important information disappear from the notebook because it was recorded in wash-
able ink and could not survive a flood caused by the student at the next position on the
bench. Because you will be using your notebook in the laboratory, it is quite likely that the
book will become soiled or stained by chemicals, filled with scratched-out entries, or even
slightly burned.

Your instructor may check your notebook at any time, so you should always have it
up to date. If your instructor requires reports, you can prepare them expeditiously from the
material recorded in the laboratory notebook.
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NOTEBOOK FORMAT

Advance Preparation

Individual instructors vary greatly in the type of notebook format they prefer; such
variation stems from differences in philosophies and experience. You must obtain specific
directions from your own instructor for preparing a notebook. Certain features, however,
are common to most notebook formats. The following discussion presents what might be
included in a typical notebook.

You can save much time in the laboratory if you understand fully the procedure of
the experiment and the theory underlying it. It will be very helpful if you know the main
reactions, the potential side reactions, the mechanism, the stoichiometry, and the proce-
dure before you come to the laboratory. Understanding the procedure by which the desired
product is to be separated from undesired materials is also very important. If you examine
each of these topics before coming to class, you will be prepared to do the experiment
efficiently. You will have your equipment and reagents already prepared when they are to
be used. Your reference material will be at hand when you need it. Finally, with your time
efficiently organized, you will be able to take advantage of long reaction or reflux periods
to perform other tasks, such as doing shorter experiments or finishing previous ones.

For experiments in which a compound is synthesized from other reagents, that is,
with preparative experiments, it is essential to know the main reaction. In order to
perform stoichiometric calculations, the equation for the main reaction should be bal-
anced. Therefore, before you begin the experiment, your notebook should contain the
balanced equation for the pertinent reaction. Using the preparation of isopentyl acetate, or
banana oil (Experiment 6), as an example, you should write:

e . T
CH,C—OH + CH;CHCH,CH,—OH s CH,C—0—CH,CH,CHCH, + H,0
Acetic acid [sopentyl alcohol Isopentyl acetate

You should also enter in the notebook the possible side reactions that divert reagents
into contaminants (side products), before beginning the experiment. You will have to
separate these side products from the major product during purification.

You should list physical constants such as melting points, boiling points, densities,
and molecular weights in the notebook when this information is needed to perform an
experiment or to do calculations. These data are located in such sources as the Handbook
of Chemistry and Physics, the Merck Index, or Lange’s Handbook of Chemistry. In many
of the experiments in this textbook, some of this information is given within the experi-
mental procedure. Physical constants required for an experiment should be written in your
notebook before you come to class.

Advance preparation may also include examination of some subjects, information
not necessarily recorded in the notebook, that should prove useful in understanding the
experiment. Included among these subjects are an understanding of the mechanism of the
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reaction, an examination of other methods by which the same compound might be pre-
pared, and a detailed study of the experimental procedure. Many students find that an
outline of the procedure, prepared before they come to class, helps them use their time
more efficiently once they begin the experiment. Such an outline could very well be
prepared on some loose sheet of paper, rather than in the notebook itself.

Once the reaction has been completed, the desired product does not magically appear
as purified material; it must be isolated from a frequently complex mixture of side prod-
ucts, unreacted starting materials, solvents, and catalysts. You should try to outline a
separation scheme in your notebook for isolating the product from its contaminants. At
each stage you should try to understand the reason for the particular instruction given in
the experimental procedure. This not only will familiarize you with the basic separation
and purification techniques used in organic chemistry but also will help you understand
when to use these techniques. Such an outline might take the form of a flowchart. For
example, see the separation scheme for isopentyl acetate. Careful attention to understand-
ing the separation may, besides familiarizing you with the procedure by which the desired
product is separated from impurities in your particular experiments, also prepare you for
original research, where no experimental procedure exists.

In designing a separation scheme, you should note that the scheme outlines those
steps undertaken once the reaction period has been concluded. For this reason, the repre-

] i
CH;COCH,CH,CHCH; co,
C|ng
Extract 3X i 0] CH
CH,CHCH.CH,OH | with NaHCO, | iy [
CH;COCH,CH,CHCH; | 7
If E32f03 H->O (some)
CH;COH
H,O CH; Add
Na,SO,
H,SO, CH;CHCH,CH,OH
I Na,SO, - nH,O «—— Remove with
CH,CO~ Na* 3 - Pasteur pipet
H-,O (”) CH,
SO, CH;COCH,CH,CHCHj; (impure)
Distill
I T
CH;COCH,CH,CHCHj;
pure

Separation sche S 1tyl acetate.
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sented scheme did not include such steps as the addition of the reactants (isopentyl alcohol
and acetic acid) and the catalyst (sulfuric acid) or the heating of the reaction mixture.

For experiments in which a compound is isolated from a particular source and not
prepared from other reagents, some of the information described in this section will not be
applicable. Such experiments are called isolation experiments. A typical isolation experi-
ment involves isolating a pure compound from a natural source. Some examples include
the isolation of caffeine from tea or the isolation of cinnamaldehyde from cinnamon.
Although isolation experiments require somewhat different advance preparation, this ad-
vance study may include looking up physical constants for the compound isolated and
outlining the isolation procedure. A detailed examination of the separation scheme is very
important here because it is the heart of such an experiment.

Laboratory Records

When you begin the actual experiment, your notebook should be kept nearby so that
you will be able to record in it those operations you perform. When you are working in the
laboratory, the notebook serves as a place where a rough transcript of your experimental
method is recorded. Data from actual weighings, volume measurements, and determina-
tions of physical constants are also noted. This section of your notebook should not be
prepared in advance. The purpose here is not to write a recipe, but rather to provide a
record of what you did and what you observed. These observations will help you to write
reports without resorting to memory. They will also help you or other workers to repeat
the experiment in as nearly as possible the same way. The sample notebook pages found in
this section illustrate the type of data and observations that should be written in your
notebook.

When your product has been prepared and purified, or isolated if it is an isolation
experiment, you should record such pertinent data as the melting point or boiling point of
the substance, its density, its index of refraction, and the conditions under which spectra
were determined.

Calculations

A chemical equation for the overall conversion of the starting materials to products is
written on the assumption of simple ideal stoichiometry. Actually, this assumption is
seldom realized. Side reactions or competing reactions will also occur, giving other prod-
ucts. For some synthetic reactions, an equilibrium state will be reached in which an
appreciable amount of starting material is still present and can be recovered. Some of the
reactant may also remain if it is present in excess or if the reaction was incomplete. A
reaction involving an expensive reagent illustrates another need for knowing how far a
particular type of reaction converts reactants to products. In such a case, it is preferable to
use the most efficient method for this conversion. Thus, information about the efficiency
of conversion for various reactions is of interest to the person contemplating the use of
these reactions.

r
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The quantitative expression for the efficiency of a reaction is given by a calculation
of the yield for the reaction. The theoretical yield is the number of grams of the product
expected from the reaction on the basis of ideal stoichiometry, with side reactions, revers-
ibility, and losses ignored. In order to calculate the theoretical yield, it is first necessary to
determine the limiting reagent. The limiting reagent is the reagent that is not present in
excess and on which the overall yield of product depends. The method for determining the
limiting reagent in the isopentyl acetate experiment is illustrated in the sample notebook
on pages 27-28. You should consult your general chemistry textbook for more compli-
cated examples. The theoretical yield is then calculated from the expression

Theoretical yield = (moles of limiting reagent)(ratio)(MW of product)

The ratio here is the stoichiometric ratio of product to limiting reagent. In the preparation
of isopentyl acetate, that ratio is 1:1. One mole of isopentyl alcohol, under ideal circum-
stances, should yield one mole of isopentyl acetate.

The actual yield is simply the number of grams of desired product obtained. The
percentage yield describes the efficiency of the reaction and is determined by

. Actual yield
Percentage yield = X 100

Theoretical yield

Calculation of the theoretical yield and percentage yield can be illustrated using
hypothetical data for the isopentyl acetate preparation:

Theoretical yield = (6.45 X 107 n1@1~i%9pe1a’ryhﬁtﬁh6f)<

J_mgLisepeﬂtny—aeetﬁtf)
I-mol-isopentyl-alcohol”

. (130.2 g isopentyl acetate

; ) = (.840 g isopentyl acetate
-I-meol-isopentyl-acetate

Actual yield = 0.354 g isopentyl acetate

. 0.354 ¢
Percentage yield = ——— X 100 = 42.1%
0.840 ¢

For experiments that have the principal objective of isolating a substance such as a
natural product, rather than preparing and purifying some reaction product, the weight

percentage recovery and not the percentage yield is calculated. This value is determined
by

s Weight of substance isolated
Weight percentage recovery = X 100

Weight of original material
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THE PREPARATION OF |SOPENTYL ACETATE (BANANA OiL)

MAIN ReACTION

0o CH, 0 CHy
1] { HF fl ]
CH3COH  + CH3CHCH,CHyOH —> CH3COCHaCH CHCHy + H,0
ACETIC ACID ISOPENTYL ALCOHOL ISOPENTYL ACETATE
TABLE OF PHYsicAL CoNSTANTS MW ap DENSITY
|SOPENTYL ALCOHOL 88.2 | 132°C| 0.813 g/mL
ACETIC AciD 60.1 | 118 1.06

»

ISOPENTYL Acevate 130.2 | 142 |o.876

SEPARATION SCHEME

9 R »
CH3COCHaCHaCHCH, CO2 )
CHj
cHat 1 EXTRACT 3X | ORGANIC 0 CHs
3 aCHa > WITH NaHCOs LAYER > CHsCOCH2CHCHCHs
(o] \
i NaHCO3 HaO (Some)
CH3 COH LAYER f
H,0 -
H1S0 GHs Nay30 ‘\
T =~ CH3CHCHaCHaOH 2 y
"o Na2SO4 ® 0
CHsCO™Na REMOVE WITH
PASTEUR PIPET
H0 v
s04%" 0 CH
|
CH3COCHaCHa CHCHa (IMPURE)
l DISTILL /
0 ?—Ha
il
CH3COCH, 2 CHaCHCH, ¥
PURE

DATA AND OBSERVATIONS

0.TOmL OF ISOPENTYL ACETATE WAS ADDED TO A PRE WEIGHED
5-mL CONICAL VIAL:

VIAL + ALCOHOL ~ 25.5244

VIAL 24.9559
0. 56?3 { SOPENTYL ALCOHOL

ACETIC ACID (1.4 mL) AND THREE DROPS OF CONCENTRATED H, SO« (USING A PASTEUR
PIPET) WERE ALSO ADDED TO THE CONICAL YIAL ALONG WITH A SMALL BOILIN G STONE.
A WATER.-COOLED CONDENSER TOPPED WITH A DRYING TUBE CONTAINING A LOOSE
PLUG OF GLASS WOOL WAS ATTACHED TO THE VIAL. THE REACTION MIXTURE WAS
REFLUXED IN AN ALUMINUM BLOCK (ABOUT 1559) FoR 7S MIN. AND THEN COOLED To
ROoM TEMPERATURE. THE CoLoR oF THE RERCTION MIXTYRE WAS BROWNISH - YELLOW,

A sample notebook, page 1
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THE BOILING STONE WAS REMOVED AND THE REACTION MIXTURE WAS EXTRACTED THREE TIMES
WITH 1.0mL OF 5% NaHCO;. THE BOTTOM AQUEOUS LAYER WAS REMOVED AND DISCARDED
AFTER EACH EXTRACTION. DURING THE FIRST TWO EXTRACTIONS, MUCH CO, GAS WAS GIVEN OFF
THE ORGANIC LAYER WAS A LIGHT YELLOW COLOR, IT WAS TRANSFERRED TO A DRY CONICAL
VIAL, AND TWO FULL MICROSPATULAS OF ANHYDROUS NaySOs WERE APDED TO DRY THE CRUDE
PRODUCT. IT WAS ALLOWED TO SET WITH OCCASIONAL STIRRING FoR 10 MINS.

THE DRY PRODUCT WAS TRANSFERRED TO A 3-ml CoONICAL VIAL AND A BOILING STONE WAS
ADDED. A DISTILLATION APPARATUS USING A HICKMAN STILL, A WATER-COOLED CONDENSER,
AND A DRYING TUBE PACKED WITH CaCla WAS ASSEMBLED. THE SAMPLE WAS HEATED IN AN
ALUMINUM BLOCK AT ABOUT 130°C. THE LIQUID BEGAN BoILING AFTER ABoul FIVE MINS,
BUT NO DISTILLATE APPEARED IN THE HICKMAN SYILL UNTIL ABOVT 20 MINS. LATER. ONCE
THE PRODUCT BEGAN COLLECTING IN THE HICKMAN STILL, THE DISTILLATION REQUIRED ONLY
ABOUT TWO MINS. TO COMPLETE. ABouT 1-2 DROPS REMAINED IN THE DISTILLING VIAL.
THE VSOPENTYL ACETATE WAS TRANSFERRED TO A PRE-WEIGHED 3-ml. CONICAL VIAL.

YIAL + PRopueT 204289
VIAL 20.074q
0.35Hy ISOPENTYL ACETATE

THE PRODUCT WAS COLORLESS AND CLEAR. BP (MICRO TECHNIQUE): 140°C.
THE IR SPECTRUM WAS OBTAINED.

CALCULATIONS
DETERMINE LIMITING REAGENT :

ISOPENTYL ALCOHOL 056?,3,(1 MOL. ISOPENTYL ALC°H°L)= 6.45 x 10 MoL

88.2g9°
ACETIC ACID 1.40 (1.06«1) (1 MOL ACETIC ACID)_ 2 1072 N\OL
o 7!.7 60.1)/ / At

SINCE THEY REACT IN A 1:{ RATIO, ISOPENTYL ALCOHOL IS THE
LIMITING REAGENT.

THEORETICAL YIELD =

6.45 x10™® MOL 150PENPH-ALTIRTL ( m (130.2q 1SOPENTYL Acmrg)
1001 (SORENTAACETATE-

= 0.8%40g ISOPENTYL ACETATE

P 0.354%g o .
ERCENTAGE YIELD = 0. 8404 X = 42.1%

A sample notebook, page 2.
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Thus, for instance, if 0.014 g of caffeine were obtained from 2.3 g of tea, the weight
percentage recovery of caffeine would be

! 0.014 g caffeine
Weight percentage recovery = DE X 100 = 0.61%
3 g tea

LABORATORY REPORTS

Various formats for reporting the results of the laboratory experiments may be used.
You may write the report directly into your notebook in a format similar to the sample
notebook pages included in this section. Alternatively, your instructor may require a more
formal report that you write separately from your notebook. When original research is
performed, these reports should include a detailed description of all the experimental steps
undertaken. Frequently, the style used in scientific periodicals such as Journal of the
American Chemical Society is applied to writing laboratory reports. Your instructor is
likely to have his or her own requirements for laboratory reports and should describe the
requirements to you.

SUBMISSION OF SAMPLES

In all preparative experiments, and in some of the isolation experiments, you will be
required to submit to your instructor the sample of the substance you prepared or isolated.
How this sample is labeled is very important. Again, learning a correct method of labeling
bottles and vials can save time in the laboratory, because fewer mistakes will be made.
More importantly, learning to label properly can decrease the danger inherent in having
samples of material that cannot be identified correctly at a later date.

Solid materials should be stored and submitted in containers that permit the sub-
stance to be removed easily. For this reason, narrow-mouthed bottles or vials are not used
for solid substances. Liquids should be stored in containers that will not let them escape
through leakage. You should be careful not to store volatile liquids in containers that have
plastic caps, unless the cap is lined with an inert material such as Teflon. Otherwise, the
vapors from the liquid are likely to come in contact with the plastic and dissolve some of
it, thus contaminating the substance being stored.

On the label, print the name of the substance, its melting or boiling point, the actual
and percentage yields, and your name. An illustration of a properly prepared label follows:

Isopentyl Acetate
BP 140°C
Yield 0.354 g (42.1%)
Joe Schmedlock
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LABORATORY GLASSWARE o

Since your glassware is expensive and you are responsible for it, you will want to
give it proper care and respect. If you read this section carefully and follow the procedures
presented here, you may be able to avoid some unnecessary expense. You may also save
time since cleaning problems and replacing broken glassware are time-consuming.

For those of you who are unfamiliar with the equipment found in an organic labora-
tory or who are uncertain about how such equipment should be treated, this section will
provide some useful information. Topics such as cleaning glassware, caring for glassware
when using corrosive or caustic reagents, and assembling components from your organic
laboratory kit are included. At the end of this section are illustrations and names of most of
the equipment you are likely to find in your drawer or locker.

CLEANING GLASSWARE

Glassware can be cleaned easily if you clean it immediately. It is good practice to do
your ‘‘dishwashing’’ right away. With time, the organic tarry materials left in a container
begin to attack the surface of the glass. The longer you wait to clean glassware, the more
extensively this interaction will have progressed. Cleaning is then more difficult, because
water will no longer wet the surface of the glass as effectively. If you are not able to wash
your glassware immediately after use, you should soak the dirty pieces in soapy water. A
half-gallon plastic container provides a convenient vessel in which to soak and wash your
glassware. The use of a plastic container also helps to prevent the loss of small pieces of
equipment used in microscale techniques.

Various soaps and detergents are available for washing glassware. They should be
tried first when washing dirty glassware. Organic solvents can also be used, since the
residue remaining in dirty glassware is likely to be soluble in some organic solvent. After
the solvent has been used, the conical vial or flask probably will have to be washed with
soap and water to remove the residual solvent. When you use solvents in cleaning glass-
ware, use caution since the solvents are hazardous (see the section entitled *‘Laboratory
Safety’). You should try to use fairly small amounts of a solvent for cleaning purposes.
Usually 1-2 mL will be sufficient. Acetone is commonly used. but it is expensive. Your
wash acetone can be used effectively several times before it is ‘‘spent.”” Once your
acetone is spent, dispose of it as directed by your instructor. If acetone does not work,
other organic solvents such as methylene chloride or toluene can be used in the same way
as acetone.

Caution: Acetone is very flammable. Do not use it around flames.
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For troublesome stains and residues that insist on adhering to the glass in spite of
your best efforts, a mixture of sulfuric acid and nitric acid can be used. Cautiously add
about 20 drops of concentrated sulfuric acid and five drops of concentrated nitric acid to
the flask or vial.

Caution: You must wear safety glasses when you are using this clean-
ing solution. Do not allow the solution to come into contact with your
skin or your clothing. It will cause severe burns and create holes in
your clothing. It is also possible that the acids will react with the resi-
due in the container.

Swirl the acid mixture in the container for a few minutes. If necessary, place the
glassware in a warm water bath and heat cautiously to accelerate the cleaning process.
Continue heating until any sign of a reaction ceases. When the cleaning procedure is
completed, decant the mixture into an appropriate waste container.

Caution: Do not pour the acid solution into a waste container that is
intended for organic wastes.

Rinse the piece of glassware thoroughly with water and then wash with soap and
water. For most common organic chemistry applications, any stains that survive this
treatment are not likely to cause difficulty in subsequent laboratory procedures.

If the glassware is contaminated with stopcock grease (unlikely with the glassware
recommended in this book), rinse the glassware with a small amount (1-2 mL) of methy-
lene chloride. Discard the rinse solution into an appropriate waste container. Once the
grease is removed, wash the glassware with soap or detergent and water.

DRYING GLASSWARE

The easiest way to dry glassware is to allow it to stand overnight. Conical vials,
flasks, and beakers should be stored upside down on a piece of paper towel to permit the
water to drain from them. Drying ovens can be used to dry glassware if they are available,
and if they are not being used for other purposes. Rapid drying can be achieved by rinsing
the glassware with acetone and air-drying it or placing it in an oven. First, thoroughly
drain the glassware of water. Then rinse it with one or two small portions (1-2 mL) of
acetone. Do not use any more acetone than is suggested here. Return the used acetone to
a waste acetone container for recycling. After you rinse the glassware with acetone, dry it
by placing it in a drying oven for a few minutes or allow it to air-dry at room temperature.

g
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The acetone can also be removed by aspirator suction. In some laboratories, it may be
possible to dry the glassware by blowing a gentle stream of dry air into the container.
(Your laboratory instructor will indicate if you should do this.) Before drying the glass-
ware with air, you should make sure that the air line is not filled with oil. Otherwise, the
oil will be blown into the container, and you will have to clean it again. It is not necessary
to blast the acetone out of the glassware with a wide-open stream of air; a gentle stream of
air is just as effective and will not startle other people in the room.

You should not dry your glassware with a paper towel unless the towel is lint-free.
Most paper will leave lint on the glass that can interfere with subsequent procedures
performed in the equipment. Sometimes it is not necessary to dry a piece of equipment
thoroughly. For example, if you are going to place water or an aqueous solution in a
container, it does not need to be completely dry.

GROUND-GLASS JOINTS

It is likely that the glassware in your organic kit has standard-taper ground-glass
joints. For example, the air condenser in the figure consists of an inner (male) ground-
glass joint at the bottom and an outer (female) joint at the top. Each end is ground to a
precise size which is designated by the symbol ¥ followed by two numbers. A common
joint size in microscale glassware is ¥ 14/10. The first number indicates the diameter (in
millimeters) of the joint at its widest point, and the second number refers to its length (see
figure). One advantage of standard-taper joints is that the pieces fit together snugly and
form a good seal. In addition, standard-taper joints allow all glassware components with

14mm
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tration of ¥ 14/10 inner and outer joints showing dimensions.
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A microscale standard-taper joint assembly.

the same joint size to be connected, thus permitting the assembly of a wide variety of
apparatus. One disadvantage of glassware with ground-glass joints, however, is that it is
Very expensive.

Some pieces of glassware with ground-glass joints also have threads cast into the
outside surface of the outer joints (see top of air condenser in figure). The threaded joint
allows the use of a plastic screw cap with a hole in the top to fasten two pieces of
glassware together securely. The plastic cap is slipped over the inner joint of the upper
piece of glassware, followed by a rubber O-ring (see figure above). The O-ring should
be pushed down so that it fits snugly on top of the ground-glass joint. The inner ground-
glass joint is then fitted into the outer joint of the bottom piece of glassware. The screw
cap is tightened without excessive force to attach the entire apparatus firmly together. The
O-ring provides an additional seal that makes this joint air-tight. With this connecting
system, it is unnecessary to use any type of grease to seal the joint. The O-ring must be
used to obtain a good seal and to lessen the chances of breaking the glassware when you
tighten the plastic cap.

It is important to make sure no solid or liquid is on the joint surfaces. Such material
will lessen the efficiency of the seal, and the joints may leak. The presence of solid
particles could cause the ground-glass joints to break when the plastic cap is tightened.
Also, if the apparatus is to be heated, material caught between the joint surfaces will
increase the tendency for the joints to stick. If the joint surfaces are coated with liquid or
adhering solid, you should wipe them with a cloth or lint-free paper towel before assem-
bling.
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SEPARATING GROUND-GLASS JOINTS

The most important thing you can do to prevent ground-glass joints from becoming
“frozen” or stuck together is to disassemble the glassware as soon as possible after a
procedure is completed. Even when this precaution is followed, ground-glass joints may
become stuck tightly together. The same is true of glass stoppers in bottles or conical vials.
Since microscale glassware is small and very fragile, it is relatively easy to break a piece
of glassware when trying to pull two pieces apart. If the pieces do not separate easily, you
must be careful when you try to pull them apart. The best way is to hold the two pieces,
with both hands touching, as close as possible to the joint. With a firm grasp, try to loosen
the joint with a slight twisting motion (do not twist very hard). If this does not work, try
to pull your hands apart without pushing sideways on the glassware.

If it is not possible to pull the pieces apart, the following methods may help. A frozen
joint can sometimes be loosened if you tap it gently with the wooden handle of a spatula.
Then, try to pull it apart as already described. If this procedure fails, you may try heating
the joint in hot water or a steam bath. If this heating fails, the instructor may be able to
advise you. As a last resort, you may try heating the joint in a flame. You should not try
this unless the apparatus is hopelessly stuck, because heating by flame often causes the
joint to expand rapidly and crack or break. If you use a flame, make sure the joint is clean
and dry. Heat the outer part of the joint slowly, in the yellow portion of a low flame, until
it expands and breaks away from the inner section. Heat the joint very slowly and care-
fully, or it may break.

ETCHING GLASSWARE

Glassware that has been used for reactions involving strong bases such as sodium
hydroxide or sodium alkoxides must be cleaned thoroughly immediately after use. If these
caustic materials are allowed to remain in contact with the glass, they will etch the glass
permanently. The etching makes later cleaning more difficult, since dirt particles may
become trapped within the microscopic surface irregularities of the etched glass. Further-
more, the glass is weakened, so the lifetime of the glassware is decreased. If caustic
materials are allowed to come into contact with ground-glass joints without being re-
moved promptly, the joints will become fused or ‘‘frozen.”’ It is extremely difficult to
separate fused joints without breaking them.

ASSEMBLING THE APPARATUS

Care must be taken when assembling the glass components into the desired appara-
tus. You should always remember that Newtonian physics applies to chemical apparatus,
and unsecured pieces of glassware are certain to respond to gravity. You should always
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clamp the glassware securely to a ring stand. Throughout this textbook, the illustrations of
the various glassware arrangements include the clamps that attach the apparatus to a ring
stand. You should assemble your apparatus using the clamps as shown in the illustrations.

CAPPING CONICAL VIALS OR OPENINGS

The plastic screwcaps used to join two pieces of glassware together can also be used
to cap conical vials (see figure) or other openings. A Teflon insert, or liner, fits inside the
cap to cover the hole when the cap is used to seal a vial. Only one side of the liner is
coated with Teflon. This side should always face toward the inside of the vial. (Note that
the O-ring is not used when the cap is used to seal a vial.) To seal a vial, it is necessary to
tighten the cap firmly, but not too tightly. It is possible to crack the vial if you apply too
much force. Some Teflon liners have a soft backing material (silicone rubber) that allows
the liner to compress slightly when the cap is screwed down. It is easier to cap a vial
securely with these liners without breaking the vial than with liners which have a harder
backing material.

ATTACHING RUBBER TUBING TO EQUIPMENT

When you attach rubber tubing to the glass apparatus or when you insert glass tubing
into rubber stoppers, you should lubricate the rubber tubing or the rubber stopper with
either water or glycerin beforehand. Without such lubrication, it can be difficult to attach
rubber tubing to the sidearms of items of glassware such as condensers and filter flasks.
Furthermore, glass tubing may break when it is inserted into rubber stoppers. Water is a
good lubricant for most purposes. Do not use water as a lubricant when it might contami-
nate the reaction. Glycerin is a better lubricant than water and should be used when there
is considerable friction between the glass and rubber. If glycerin is the lubricant, be careful
not to use too much.

@ Plastic cap

Insert on liner
(Teflon on one side,
@ silicone rubber on
[ the other)

Capping a conical vial.
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DESCRIPTION OF EQUIPMENT

The components of the organic kit recommended for use in this textbook are given in
the figure. Notice that most of the joints in these pieces of glassware are ¥ 14/10, and all
the outer joints are threaded. The organic kits used in your laboratory may have different
joint sizes, or some of the outer joints may not be threaded. In particular, some older
organic kits contain a number of pieces of glassware with ¥ 7/10 joints. These kits will
work as well with the experiments in this book as the glassware recommended in the
figure. In addition, there are microscale kits containing glassware that is connected with-
out the use of ground-glass joints. The experiments in this book can also be performed
with these glassware kits. Modifications with organic kits not containing the recom-
mended glassware are discussed in the Technique chapters and in some of the experi-
ments.

The figures that follow include glassware and equipment that are commonly used in
the organic laboratory. Your glassware and equipment may vary slightly from the pieces
shown on p. 37.
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ESSAY &

Introduction to Microscale Laboratory

This textbook discusses the important laboratory techniques of organic chemistry
and illustrates many important reactions and concepts. In the traditional approach to teach-
ing this subject, the quantities of chemicals used were on the order of 5-100 grams, and
glassware was designed to contain up to 500 mL of liquid. This scale of experiment we
might call a macroscale experiment. The approach used here, a microscale approach,
differs from the traditional laboratory course in that nearly all of the experiments use very
small amounts of chemicals. Quantities of chemicals used range from about 50 to 1000
milligrams (0.050-1.000 g), and glassware is designed to contain less than 10 mL of
liquid. The advantages include improved safety in the laboratory, reduced risk of fire and
explosion, and reduced exposure to hazardous vapors. This approach decreases the need
for hazardous waste disposal, leading to reduced contamination of the environment. You
will learn to work with the same level of care and neatness that has previously been
confined to courses in analytical chemistry.

This essay introduces the equipment and shows how to construct some of the appara-
tus needed to carry out the first few experiments. Detailed discussion of how to assemble
apparatus and how to practice the techniques is found in Part Five (‘“The Techniques’’) of
this textbook. This essay provides only a brief introduction, sufficient to allow you to
begin working. You will need to read the techniques chapters for more complete discus-
sions.

Microscale organic experiments require you to develop careful laboratory techniques
and to become familiar with apparatus that is somewhat unusual when compared with
traditional glassware. We strongly recommend that each student do Laboratory Exercises
I through 5 contained within this essay. These exercises will acquaint you with the most
basic microscale techniques. To provide a strong foundation, we further recommend that
each student complete Experiments 1 through 9 in Part One of this textbook before at-
tempting any other experiments in the textbook.

Read: “Welcome to Organic Chemistry,” pp. 2-4.
"Laboratory Safety,” pp. 5-21.

HEATING BATHS

Aluminum Block. The most convenient means of heating chemical reactions on a
small scale is to use an aluminum block. An aluminum block consists of a square of
aluminum that has holes drilled into it. The holes are sized to correspond to the diameters
of the most common vials and flasks that are likely to be heated. Often, there is also a hole
intended to accept the bulb of a thermometer, so that the temperature of the block can be
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Figure 1 Aluminum block with hot plate and thermometer.

monitored. The aluminum block is heated by placing it on a hot plate. An aluminum block,
with a thermometer clamped into position, is shown in Figure |. While the thermometer
may stand up freely in the aluminum block without a clamp, it is nof recommended. The
thermometer should always be held in position with a clamp.

It is recommended that an equipment kit contain two aluminum blocks, one drilled
with small holes and able to accept the conical vials found in the glassware kit and another
drilled with larger holes and able to accept small round-bottom flasks. The aluminum
blocks can be made from inexpensive materials in a small mechanical shop, or they can be
purchased from a glassware supplier.

Sand Baths. Another commonly used means of heating chemical reactions on a
small scale is to use a sand bath. The sand bath consists of a Petri dish or a small
crystallizing dish that has been filled to a depth of about 1 cm with sand. The sand bath is
also heated by placing it on a hot plate. The temperature of the sand bath may be moni-
tored by clamping a thermometer in position so that the bulb of the thermometer is buried
in the sand. A sand bath, with thermometer, is shown in Figure 2.

Whenever possible, we recommend that an aluminum block, rather than a sand bath,
be used as a heating source. The aluminum block can be heated and cooled quickly, it is
indestructible, and there are no problems with spillage of sand.
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Sand bath

Hot plate

Figure 2 Sand bath with hot plate and thermometer.

Water Bath. When precise control at lower temperatures (below about 80°C) is
desired, a suitable alternative is to prepare a water bath. The water bath consists of a
beaker filled to the required depth with water. The hot plate is used to heat the water bath
to the desired temperature. The water in the water bath can evaporate during heating. It is
useful to cover the top of the beaker with aluminum foil to diminish this problem.

Laboratory Exercise 1

Note: This exercise involves some lengthy heating periods. You can
move on to other laboratory exercises in this essay during these heat-
ing periods. Laboratory Exercise 5 can be done concurrently with Lab-
oratory Exercise 1.

Option A, Aluminum Block. Place an aluminum block on a hot plate and clamp a
thermometer into a vertical position, as shown in Figure 1. Select five equally spaced
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temperature settings, including the lowest and highest settings, on the heating con-
trol of the hot plate. Set the dial to the first of these settings and monitor the temper-
ature recorded on the thermometer. When the thermometer reading arrives at a
constant value, record this final temperature, along with the dial setting, in your
notebook.

Repeat this procedure with the remaining four settings. For each trial, record the
dial setting and the final temperature. In your notebook, prepare a graph of the data
by plotting the final temperature on the vertical scale of a piece of graph paper and
the dial setting on the horizontal scale. Draw a calibration line through the points on
the graph. Use this calibration curve in your notebook to serve as a reference for
future experiments.

Option B, Sand Bath. Prepare a sand bath by pouring sand into a small Petri or
crystallizing dish until the depth of the sand reaches about 1 cm. Place the sand bath
on a hot plate and clamp a thermometer into a vertical position over the sand bath so
that the bulb of the thermometer is buried in the sand near the center of the sand
bath (see Fig. 2). Now follow the instructions given in Option A.

CONICAL REACTION VIALS

One of the most versatile pieces of glassware contained in the microscale organic
glassware Kit is the conical reaction vial. This vial is used as a vessel in which organic
reactions are performed. It may serve as a storage container. It is also used for extractions
(see Technique 7). A reaction vial is shown in Figure 3.

The flat base of the vial allows it to stand upright on the laboratory bench. The
interior of the vial tapers to a narrow bottom. This shape makes it possible to withdraw
liquids completely from the vial, using a disposable Pasteur pipet. The vial has a screw-
cap, which tightens by means of threads cast into the top of the vial. The top also has a
ground-glass inner surface. This ground-glass joint allows you to assemble components of
glassware tightly.

Plastic cap

Insert on liner
(Teflon on one side,

@ silicone rubber on
the other)

Figure 3 A conical reaction vial. (The inset shows an expanded view of the cap with its
Teflon insert.)
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Figure 4 Assembling glassware components.

The plastic cap that fits the top of the conical vial has a hole in the top. This hole is
large enough to permit the cap to fit over the inner joints of other components of the
glassware kit (see Fig. 4). A Teflon insert, or liner, fits inside the cap to cover the hole
when the cap is used to seal a vial tightly. Notice that only one side of the liner is coated
with Teflon; the other side is coated with a silicone rubber. The Teflon side generally is
the harder side of the insert, and it will feel more slippery. The Teflon side should always
face toward the inside of the vial. An O-ring fits inside the cap when the cap is used to
fasten pieces of glassware together. The cap and its Teflon insert are shown in the ex-
panded view in Figure 3.

Note: Do not use the O-ring when the cap is used to seal the vial,

You can assemble the components of the glassware kit into one unit that holds
together firmly and clamps easily to a ring stand. Slip the cap from the conical vial over
the inner (male) joint of the upper piece of glassware and fit a rubber O-ring over the inner
joint. Then. assemble the apparatus by fitting the inner ground-glass joint into the outer
(female) joint of the reaction vial and tighten the screwcap to attach the entire apparatus
tirmly together. The assembly is illustrated in Figure 4.

[he walls of the conical vials are made of thick glass. Heat does not transfer through
these walls very quickly. This means that if the vial is subjected to rapid changes in
temperature. stram set up within the glass walls of the vial may cause the glass to crack.
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For this reason, do not attempt to cool these vials quickly by running cold water on them.
It is safer to allow them to cool naturally by allowing them to stand.

Although the conical vials have flat bottoms, intended to allow them to stand up on
the laboratory bench, this does not prevent them from falling over.

Note: It is good practice to store the vials standing upright inside small
beakers.

The vials are somewhat top-heavy, and it is very easy to upset them. The beaker will
prevent the vial from falling over onto its side.

MEASUREMENT OF SOLIDS

Weighing substances to the nearest milligram requires that the weighings be done on
a sensitive top-loading balance or an analytical balance.

Note: You must not weigh chemicals directly on balance pans.

Many chemicals can react with the metal surface of the balance pan and thus ruin it. All
weighings must be made into a container that has been weighed previously (tared). This
tare weight is subtracted from the total weight of container plus sample to give the weight
of the sample. Some balances have a built-in compensating feature that allows you to
subtract the tare weight of the container automatically, thus giving the weight of the
sample directly. A top-loading and an analytical balance are shown in Figure 5.

N
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A. Top-loading balance B. Analytical balance

Laboratory balances.
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Balances of this type are quite sensitive and expensive. Take care not to spill chemi-
cals on the balance. It is also important to make certain that any spilled materials are
cleaned up immediately.

MEASUREMENT OF LIQUIDS

In microscale experiments, liquid samples are measured using a pipet. When small
quantities are used, graduated cylinders do not provide the accuracy needed to give good
results. There are two common methods of delivering known amounts of liquid samples,
automatic pipets and graduated pipets. When accurate quantities of liquid reagents are
required, the best technique is to deliver the desired amount of liquid reagent from the
pipet into a container whose tare weight has been determined previously. The container,
with sample, is then weighed a second time in order to obtain a precise value of the
amount of reagent.

Automatic Pipets. Automatic pipets may vary in design, according tc the manufac-
turer. The following description, however, should apply to most models. The automatic
pipet consists of a handle that contains a spring-loaded plunger and a micrometer dial. The
dial controls the travel of the plunger and is the means used to select the amount of liquid
that the pipet is intended to dispense. Automatic pipets are designed to deliver liquids
within a particular range of volumes. For example, a pipet may be designed to cover the
range from 10 to 100 uL (0.010 to 0.100 mL) or from 100 to 1000 uL (0.100 to
1.000 mL).

Automatic pipets must never be dipped directly into the liquid sample without a
plastic tip. The pipet is designed so that the liquid is drawn only into the tip. The liquids
are never allowed to come in contact with the internal parts of the pipet. The plunger has
two detent, or “‘stop,”” positions used to control the filling and dispensing steps. Most
automatic pipets have a stiffer spring that controls the movement of the plunger from the
first to the second detent position. You will find a greater resistance as you press the
plunger past the first detent.

To use the automatic pipet, follow the steps as outlined here. These steps are also
illustrated in Figure 6.

1. Sclect the desired volume by adjusting the micrometer control on the pipet handle.

2. Place a plastic tip on the pipet. Be certain that the tip is attached securely.

3. Push the plunger down to the first detent position. Do not press the plunger to the
second position. If you press the plunger to the second detent, an incorrect volume of

liquid will be delivered.

4. Dip the tip of the pipet into the liquid sample. Do not immerse the entire length of the
plastic tip in the liquid. Tt is best to dip the tip only to a depth of about | cm.

5. Release the plunger slowly. Do not allow the plunger to snap back, or liquid may splash
up into the plunger mechanism and ruin the pipet. Furthermore, rapid release of the
plunger may cause air bubbles to be drawn into the pipet. At this point, the pipet has
been fitled.
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Automatic

pipet

Tip
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first detent to
release liquid.

Figure 6 Use of an automatic pipet.

6. Move the pipet to the receiving vessel. Touch the tip of the pipet to an interior wall of
the container.

7. Slowly push the plunger down to the first detent. This action dispenses the liquid into
the container.

8. Pause 1-2 seconds and then depress the plunger to its second detent position to expel
the last drop of liquid. The action of the plunger may be stiffer in this range than it was
up to the first detent.

9. Withdraw the pipet from the receiver. If the pipet is to be used with a different liquid,
remove the pipet tip and discard it.

Automatic pipets are designed to deliver aqueous solutions with an accuracy of
within a few percent. The amount of liquid actually dispensed varies, however, depending
upon the viscosity, surface tension, and vapor pressure of the liquid. The typical automatic
pipet is very accurate with aqueous solutions, but is not always as accurate with other
liquids.

Dispensing Pumps. Some scientific supply catalogues offer a series of dispensing
pumps. These pumps are very useful in a microscale organic laboratory, since they are
simple to operate, easy to clean, chemically inert, and quite accurate. The interior parts of
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dispensing pumps are made of Teflon, which renders them inert to most organic solvents
and reagents. A dispensing pump is illustrated in Figure 7. .

The first step in using a dispensing pump is to adjust the pump so that it dispenses
the desired volume of liquid. Normally, the instructor will make this adjustment. Once the
pump is adjusted correctly, it is a simple matter to dispense a liquid. Simply lift the head of
the pump as far as it will travel. When you release the head, it will fall, and the liquid will
issue from the spout. With viscous liquids, the head of the pump may not fall by itself. In
such an instance, gently guide the head downward. After the liquid has been dispensed,
you should touch the tip of the dispensing tube to an interior wall of the container in order
to remove the last drop of liquid.

As with automatic pipets, dispensing pumps are designed to deliver aqueous solu-
tions with an accuracy of within a few percent. The amount of liquid actually dispensed
will vary, however, depending upon the viscosity, surface tension, and vapor pressure of
the liquid. You should always weigh the liquid in order to determine the amount accu-
rately.

Graduated Pipets. A less-expensive means of delivering known quantities of liquid
is to use a graduated pipet. Graduated pipets should be familiar to those of you who have
taken general chemistry or quantitative analysis courses. Since they are made of glass,
they are inert to most organic solvents and reagents. Disposable serological pipets may be
an attractive alternative to standard graduated pipets. The 2-mL size of disposable pipet
represents a convenient size for the organic laboratory.

Figure 7 f ensing pump.




Essay Introduction to Microscale Laboratory 51

Never draw liquids into the pipets using mouth suction. A pipet bulb or a pipet
pump, not a rubber dropper bulb, must be used to fill pipets. We recommend the use of a
pipet pump. A pipet fits snugly into the pipet pump, and the pump can be controlled to
deliver precise volumes of liquids. Control of the pipet pump is accomplished by rotating
a knob on the pump. Suction created when the knob is turned draws the liquid into the
pipet. Liquid is expelled from the pipet by turning the knob in the opposite direction. The
pump works satisfactorily with organic, as well as aqueous, solutions.

An alternative, and less expensive, approach is to use a rubber pipet bulb. Use of the
pipet bulb is made more convenient by inserting a plastic automatic pipet tip into a rubber
pipet bulb.! The tapered end of the pipet tip fits snugly into the end of a pipet. Drawing the
liquid into the pipet is made easy, and it is also convenient to remove the pipet bulb and
place a finger over the pipet opening to control the flow of liquid.

The calibrations printed on graduated pipets are reasonably accurate, but you should
practice using the pipets in order to achieve this accuracy. When accurate quantities of
liquids are required, the best technique is to weigh the reagent that has been delivered
from the pipet. The use of a graduated pipet with a pipet pump is shown in Figure 8.

The following description, along with Figure 8, illustrates how to use a graduated
pipet. Insert the end of the pipet firmly into the pipet pump. Rotate the knob of the pipet
pump in the correct direction (counterclockwise or up) to fill the pipet. Fill the pipet to a
point just above the uppermost mark and then reverse the direction of rotation of the knob
to allow the liquid to drain from the pipet until the meniscus is adjusted to the 0.00-mL
mark. Move the pipet to the receiving vessel. Rotate the knob of the pipet pump (clock-
wise or down) to force the liquid from the pipet. Allow the liquid to drain from the pipet
until the meniscus arrives at the mark corresponding to the volume that you wish to
dispense. Remove the pipet and drain the remaining liquid into a waste receiver. Avoid
transferring the entire contents of the pipet when measuring volumes with a pipet. Re-
member that in order to achieve the greatest possible accuracy with this method, you
should deliver volumes as a difference between two marked calibrations.

Laboratory Exercise 2

Option A, Automatic Pipet. Accurately weigh a 3-mL conical vial, with screwcap
and Teflon insert, on a balance. Determine its weight to the nearest milligram (near-
est 0.001 g). Using the automatic pipet, dispense 0.500 mL of water into the vial,
replace the cap assembly (with the insert arranged Teflon side down), and weigh the
vial a second time. Determine the weight of water dispensed. Calculate the density of
water from your results. Repeat the experiment using 0.500 mL of hexane. Dispose of
any excess hexane in a designated waste container. Calculate the density of hexane
from your data. Record the results in your notebook, along with your comments on
any deviations from literature values that you may have noticed. At room tempera-
ture, the density of water is 0.997 g/mL, and the density of hexane is 0.660 g/mL.

' This technique was described in Deckey, G. ‘‘A Versatile and Inexpensive Pipet Bulb.”" Journal of Chemical Education,
57 (July 1980): 526.
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Figure 8 Use of a graduated pipet. (The figure shows, as an illustration, the technique
required to deliver a volume of 0.78 mL from a 1.00-mL pipet.)

Option B, Dispensing Pump. Accurately weigh a 3-mL conical vial, with screwcap
and Teflon insert, on a balance. Determine its weight to the nearest milligram (near-
est 0.001 g). Using a dispensing pump that has been adjusted to deliver 0.500 mL,
dispense 0.500 mL of water into the vial, replace the cap assembly, and weigh the vial
a second time. Determine the weight of water dispensed. Calculate the density of
water from your results. Repeat the experiment using 0.500 mL of hexane. Dispose of
any excess hexane in a designated waste container. Calculate the density of hexane
from your data. Record the results in your notebook, along with your comments on
any deviations from literature values that you may have noticed. See Option A for the
density of water and of hexane.
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Option C, Graduated Pipet. Accurately weigh a 3-mL conical vial, with screwcap
and Teflon insert, on a balance. Determine its weight to the nearest milligram (near-
est 0.001 g). Using a 1.0-mL graduated pipet, dispense 0.50 mL of water into the vial,
replace the cap assembly, and weigh the vial a second time. Determine the weight of
water dispensed. Calculate the density of water from your results. Repeat the experi-
ment using 0.50 mL of hexane. Dispose of any excess hexane in a designated waste
container. Calculate the density of hexane from your data. Record the results in your
notebook, along with your comments on any deviations from literature values that
you may have noticed. See Option A for the density of water and of hexane.

Disposable (Pasteur) Pipets. A very convenient way of dispensing liquids when a
great deal of accuracy is not required is to use a disposable pipet, or Pasteur pipet. Two
sizes of Pasteur pipets are shown in Figure 9. Even though accurate calibration may not be
required when these pipets are used, it is nevertheless handy to have some idea of the
volume contained in the pipet. A crude calibration is, therefore, recommended.

Laboratory Exercise 3

On a balance, weigh 0.5 grams (0.5 mL) of water into a 3-mL conical vial. Select a
short (53-inch) Pasteur pipet and attach a rubber bulb. Squeeze the rubber bulb be-
fore inserting the tip of the pipet into the water. Try to control how much you depress
the bulb so that when the pipet is placed into the water and the bulb is completely
released, only the desired amount of liquid is drawn into the pipet. (This skill may take
some time to acquire, but it will facilitate your use of a Pasteur pipet.) When the
water has been drawn up, place a mark with an indelible marking pen at the position
of the meniscus. A more durable mark can be made by scoring the pipet with a file.
Repeat this procedure with 1.0 grams of water, and make a 1-mL mark on the same
pipet.

Additional Pasteur pipets can be calibrated easily by holding them next to the pipet
calibrated in Laboratory Exercise 3 and scoring a new mark on each pipet at the same level
as the mark placed on the calibrated pipet. We recommend that several Pasteur pipets be
calibrated at one time for use in future experiments.
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EXTRACTION

A technique that is applied frequently in the purification of organic reaction products
is extraction. In this method. a solution is mixed thoroughly with a second solvent. The
second solvent is not miscible with the first solvent. When the two solvents are mixed, the
dissolved substances (solutes) distribute themselves between the two solvents until an
equilibrium is established. When the mixing is stopped, the two immiscible solvents
separate into two distinct layers. The solutes are distributed between the two solvents so
that each solute is found in greater concentration in that solvent in which it is more
soluble. Separation of the two immiscible solvent layers thus becomes a means of separat-
ing solutes from one another based on their relative solubilities in the two solvents.

In a common application, an aqueous solution may contain both inorganic and or-
ganic products. An organic solvent that is immiscible with water is added, and the mixture
is shaken thoroughly. When the two solvent layers are allowed to form again, upon
standing, the organic solutes are transferred to the organic solvent, while the inorganic
solutes remain in the aqueous layer. When the two layers are separated, the organic and
inorganic products are separated from one another. The separation, as described here, may
not be complete. The inorganic materials may be somewhat soluble in the organic solvent
and the organic products may retain some water-solubility. Nevertheless, reasonably com-
plete separations of reaction products can be achieved by the extraction method.

For microscale experiments, the conical reaction vial is the glassware item used for
extractions. The two immiscible liquid layers are placed in the vial, and the top is sealed
with a screwcap and a Teflon insert (Teflon side toward the inside of the vial). The vial is
shaken to provide thorough mixing between the two liquid phases. As the shaking contin-
ues, the vial is vented periodically by loosening the cap and then tightening it again. After
about 5 or 10 seconds of shaking. the cap is loosened to vent the vial, retightened, and the
vial is allowed to stand upright in a beaker until the two liquid layers separate completely.

Separation of the two liquid layers is accomplished by withdrawing the lower layer
using a disposable Pasteur pipet. This separation technique is illustrated in Figure 10. Care
must be taken not to disturb the liquid layers by allowing bubbles to issue from the pipet.
Squeeze the pipet bulb to the required amount before introducing the pipet into the vial.
Care should also be taken not to allow any of the upper liquid layer to enter the pipet. The
pointed shape of the interior of the conical vial makes it easy to remove all of the lower
layer without allowing it to be contaminated by some of the upper liquid layer. More
precise control in the separation can be achieved by using a filter tip pipet (see Technique
4. Section 4.6 p. 597).

Laboratory Exercise 4

Place approximately 1.0 mL of a saturated aqueous solution of iodine and potas-
sium iodide in a 3.0-mL conical reaction vial. Add 1.0 mL of methylene chloride to the
vial. Use your calibrated Pasteur pipet for this addition of methylene chloride. Be
careful not to squeeze the rubber dropper bulb too firmly as you fill the Pasteur pipet.
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Figure 10 Separation of immiscible liquid layers in a conical vial.

Seal the vial firmly using the screwcap and a Teflon insert. Shake the vial for a few
seconds and vent the vial by loosening the cap carefully. Tighten the cap and shake
the vial again. Vent the vial and repeat the shaking process a third time. Loosen the
cap to vent the vial, retighten it, and allow the vial to stand in a beaker on the desk
top until the two layers have separated completely. Tap the sides of the vial to force
the methylene chloride layer to the bottom of the vial.

Open the vial and withdraw the lower layer (methylene chloride solution) from
the vial using a short disposable Pasteur pipet. A better alternative is to use a filter tip
pipet (Technique 4, Section 4.6, pp. 597~-598). Make sure to squeeze the rubber bulb
before inserting the pipet tip into the solution. Draw the lower layer carefully into the
pipet without allowing any of the upper layer to enter the pipet. Withdraw the pipet
and dispense the liquid into a small test tube. Note the color of the organic and
aqueous phases. How have they changed?

Repeat this process using a second, fresh 1.0-mL portion of methylene chloride.
Again, note the colors of the two liquid phases and how they may have changed
during this second extraction. After comparing the colors, combine this methylene
chloride solution with that obtained in the first extraction.

If desired, perform a third extraction. In your laboratory notebook, record all
observations. When the experiment has been completed, discard all organic solutions
in the appropriate waste container.

-~ e
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HEATING UNDER REFLUX (DETERMINATION
OF BOILING POINT) ;

A frequent technique in organic chemistry is to carry out a reaction that is heated to
the boiling point of the solvent. A difficulty arises in that one cannot safely heat a closed
system, and yet one does not wish to allow the solvent to escape during the period of
heating. The technique that is applied is heating under reflux. In this technique, a con-
denser is attached vertically to the reaction vessel. The vapors of solvent rise up into the
condenser. The condenser removes heat from the vapors, returning them to liquid. The
liquid falls back into the reaction vessel. In this way, the system remains open to the
atmosphere, but solvent vapors are not allowed to escape.

The condenser that is used can be either an air condenser or a water-jacketed con-
denser. An air condenser is adequate for most applications, but a water-jacketed condenser
may be used in cases where the solvent is very volatile or where the ambient air tempera-
ture is high. A typical assembly for heating under reflux, using an air condenser, is shown
in Figure 11. A similar assembly would be used with a water-jacketed condenser.
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Figure 11 shows the correct position for a thermometer when it is used to monitor the
temperature of the refluxing vapor directly. In this position, the bulb of the thermometer is
surrounded by vapors of the refluxing liquid, and thus it provides an accurate measure of
the temperature of boiling solution. Figure 11 also shows a thermometer positioned to
measure the temperature of the heating device, in this case, an aluminum block. The
temperature measured at the heating device is always higher than the temperature mea-
sured inside the reflux apparatus. Besides being intended to allow you to become accus-
tomed to this technique, Laboratory Exercise 5 is also intended to illustrate this tempera-
ture difference.

How Do I Know How Hot to Heat It? A common problem with either of the
heating methods discussed so far is that you may have difficulty deciding what tempera-
ture setting to use in order to heat the contents of a vial or flask to the desired temperature.
This becomes a particular problem when you attempt to reproduce the temperatures speci-
fied in the laboratory procedures of a textbook.

First, you should understand that the temperatures specified are only approximate
suggestions. The actual temperature required to carry out a particular procedure must be
determined for each individual student and each individual apparatus. When you see a
temperature stipulated, consider it as nothing more than a guide. You need to make adjust-
ments to suit your own situation.

Second, you must always pay attention to what is going on in your reaction flask. If
the temperature of your aluminum block or sand bath equals the suggested temperature,
but the solution in your flask is not boiling, you clearly must increase the temperature of
the heating device. Remember that what really matters is what is going in the flask, not
what the textbook says! The external temperature, as measured by a thermometer placed
into the heating device, is not the important temperature. Far more critical is the tempera-
ture inside the flask, which may be considerably lower than the external temperature.

Laboratory Exercise 5

You will find four unknown liquids, labeled A, B, C, and D, at the supply station.
Choose one of these. Assemble a reflux apparatus, using a 5-mL conical vial and an air
condenser, as shown in Figure 11. Place a boiling stone in the vial (do not use a spin
vane). Obtain 1.5 mL (you do not need to determine this volume precisely) of the
unknown liquid from the supply station and add it to the conical vial. Position two
thermometers as shown in Figure 11, so that one thermometer records the tempera-
ture inside the apparatus, while the other monitors the temperature at the heating
device (aluminum block or sand bath). Make sure that the bulb of the inner thermom-
eter is positioned about 1 to 2 mm above the surface of the liquid. Heat the liquid
until it boils vigorously and you can see the vapor condensing inside the air con-
denser. Do not be cautious about advancing the temperature, or this exercise will
take a long time. Observe the temperature inside the apparatus. When the internal
thermometer registers a constant value, record the temperature. At the same time,
record the temperature registered by the thermometer positioned at the heating
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device. Record both of these values in your laboratory notebook and determine the
temperature difference between the two readings. The temperature recorded by the
inner thermometer is the boiling point of the liquid.

Note: Laboratory Exercise 5 can be done concurrently with Laboratory
Exercise 1.

OTHER USEFUL TECHNIQUES

The practice of organic chemistry requires you to master many more techniques than
the ones described in this essay. Those techniques included here are only the most elemen-
tary ones, those that are needed to get you started in the laboratory. Additional techniques
are described fully in Part Five of this textbook, and Experiments 1 through 9 are intended
to expose you to the most important of them.

Some other practical hints need to be introduced at this point. The first of these
involves manipulation of small amounts of solid substances. The efficient transfer of
solids requires a spatula that is very small. We recommend that you have two microspatu-
las, similar to those shown in Figure 12, included as part of your standard desk stock. The
design of these spatulas permits the handling of milligram quantities of substances without
undue spillage or waste. The larger style (see Fig. 12) is more useful when relatively large
quantities of solid must be dispensed.

A clean work area is of utmost importance when working in the laboratory. The need
for cleanliness is particularly great when working with the small amounts of materials
characteristic of microscale laboratory experiments.

Note: You must read the chapter ““Laboratory Safety.” There is no
substitute for preparation and care in the prevention of accidents.

A ———— <7 & /)
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Figure 12 Microspatulas.
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With this final word of caution and advice, we hope that you enjoy the learning
experience that you are about to begin. Learning the care and precision that microscale
experiments require may seem to be difficult at first, but it will not be long before you will
be comfortable with the scale of the experiments. You will develop much better laboratory
technique as a result of microscale practice, and this added skill will serve you well in
future courses and endeavors.

EXPERIMENT 1 =]

Isolation of the Active Ingredient
in an Analgesic Drug

Extraction
Filtration
Melting point

The analgesic (pain-relieving) drugs found on the shelves of any drug or grocery
store generally fall into one of four categories. These drugs may contain acetylsalicylic
acid, acetaminophen, or ibuprofen as the active ingredient, or some combination of
these compounds may be used in a single preparation. All tablets, regardless of type,
contain a large amount of starch or other inert substance. This material acts as a binder to
keep the tablet from falling apart and to make it large enough to handle. Some analgesic
drugs also contain caffeine or buffering agents. In addition, many tablets are coated to
make them easier to swallow and to prevent users from experiencing the unpleasant taste
of the drugs.

1
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C/O HO NH—C—CH;,4
0~ CH;
Acetylsalicylic acid Acetaminophen
T
CH3—C|‘H—-CH24©~CH—C—OH

CH;

Ibuprofen

The three drugs, along with their melting points and common brand names, follow:
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Drug MP Brand Names

Acetylsalicylic acid 135-136°C Aspirin, ASA, Acetylsalicylic
acid, Generic aspirin, Empirin

Acetaminophen 169-170.5°C Tylenol, Datril, Panadol,
Non-aspirin pain reliever
(various brands)

Ibuprofen 75-77°C Advil, Brufen, Motrin, Nuprin

The purpose of this experiment is to demonstrate some important techniques that are
applied throughout this textbook and to allow you to become accustomed to working in
the laboratory at the microscale level. More specifically, you will extract (dissolve) the
active ingredient of an analgesic drug by mixing the powdered tablet with a solvent,
methanol. Two steps are required to remove the fine particles of binder, which remain
suspended in the solvent. First, you will use centrifugation to remove most of the binder.
The second step will be a filtration technique using a Pasteur pipet packed with alumina
(finely ground aluminum oxide). The solvent will then be evaporated to yield the solid
analgesic, which will be collected by filtration on a Hirsch funnel. Finally, you will test
the purity of the drug by doing a melting point determination.

Required Reading

Review: Introduction to Microscale Laboratory (pp. 42—59)
New: Technique 3 Reaction Methods, Section 3.9

Technique 4 Filtration, Sections 4.1-4.6
Technique 6 Physical Constants, Part A, Melting Points

Special Instructions

You will be allowed to select an analgesic that is a member of one of the categories
described previously. You should use an uncoated tablet that contains only a single ingre-
dient analgesic and binder. If it is necessary to use a coated tablet, try to remove the

coating when the tablet is crushed. To avoid decomposition of aspirin, it is essential to
minimize the length of time that it remains dissolved in methanol. Do not stop this experi-
ment until after the drug is dried on the Hirsch funnel.
Waste

Dispose of any remaining methanol in the waste container for nonhalogenated or-
ganic solvents. Place the alumina in the container designated for wet alumina.
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Procedure

Extraction of Active Ingredient. If you are isolating aspirin or acetaminophen,
use one tablet in this procedure. If you are isolating ibuprofen, use two tablets. Crush
the tablet (or tablets) between two pieces of weighing paper using a pestle. If the
tablet is coated, try to remove fragments of the coating material with forceps after
the tablet is first crushed. Add all of the powdered material to a 3-mL conical vial.
Using a calibrated Pasteur pipet (p. 53), add about 2 mL of methanol to the vial. Cap
the vial and mix thoroughly by shaking. Loosen the cap at least once during the
mixing process in order to release any pressure that may build up in the vial.

Allow the undissolved portion of the powder to settle in the vial. A cloudy sus-
pension may remain even after 5 minutes or more. You should wait only until it is
obvious that the larger particles have settled completely. Using a filter tip pipet (Fig.
4.9, p. 598), transfer the liquid phase to a centrifuge tube. Add a second 2-mL portion
of methanol to the conical vial and repeat the shaking process described previously.
After the solid has settled, transfer the liquid phase to the centrifuge tube containing
the first extract.

Place the tube in a centrifuge along with another centrifuge tube of equal
weight on the opposite side. Centrifuge the mixture for 2-3 minutes. The suspended
solids should collect on the bottom of the tube leaving a clear or nearly clear superna-
tant liquid, the liquid above the solid. If the liquid is still quite cloudy, repeat the
centrifugation for a longer period of time or at a higher speed. Being careful not to
disturb the solid at the bottom of the tube, transfer the supernatant liquid with a
Pasteur pipet to a test tube or small beaker.

Column Chromatography. Prepare an alumina column using a Pasteur pipet, as
shown in the figure. Insert a small ball of cotton into the top of the column. Using a
long thin object such as a glass stirring rod or a wooden applicator stick, push the
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cotton down so that it fits into the Pasteur pipet where the constriction begins. Add
about 0.5 g of alumina to the pipet and tap the column with your finger to pack the
alumina. Clamp the pipet in a vertical position so that the liquid can drain from the
column into a small beaker or a 5-mL conical vial. Place a small beaker under the
column. With a calibrated Pasteur pipet, add about 2.0 mL of methanol to the column
and allow the liquid to drain until the level of the methanol just reaches the top of
the alumina. Once methanol has been added to the alumina, the top of the alumina
in the column should not be allowed to run dry. If necessary, add more methanol.

Note: It is essential that the methanol not be allowed to drain below
the surface of the alumina.

When the level of the methanol reaches the surface of the alumina, transfer the
solution containing the drug from the beaker or test tube to the column using a
Pasteur pipet. Collect the liquid that passes through the column into a 5-mL conical
vial. When all the liquid from the beaker has been added to the column and has
penetrated the alumina, add an additional 1.0 mL of methanol to the column and
allow it to drain. This ensures that all of the analgesic drug has been eluted from the
column.

Evaporation of Solvent. /f you are isolating aspirin, it is essential that the follow-
ing evaporation procedure be completed in 10-15 minutes. Otherwise, the aspirin
may partially decompose. Using a Pasteur pipet, transfer about half the liquid in the
5-mL conical vial to another small container. Evaporate the methanol in the 5-mL
conical vial using a water bath at about 50°C (Technique 3, Section 3.9, p. 582).' To
speed evaporation, direct a gentle stream of dry air or nitrogen into the vial contain-
ing the liquid. Evaporate the solvent until the volume is less than about 1 mL. Then,
add the remainder of the liquid and continue evaporation.

When the solvent has completely evaporated or it is apparent that the remain-
ing liquid is no longer evaporating, remove the vial from the water bath (or sand
bath) and allow it to cool to room temperature. (The volume of liquid should be less
than 0.5 mL when you discontinue evaporation.) If liquid remains, which is likely with
the ibuprofen- or acetaminophen-containing analgesics, place the cool vial in an ice-
water bath for 10-15 minutes. Prepare the ice-water bath in a small beaker using
both ice and water. Be sure that the vial cannot tip over. Crystallization of the product
may occur more readily if you scrape the inside of the vial with a microspatula or a
glass rod (not fire polished). If the solid is very hard and clumped together, you should
use a microspatula to break up the solid as much as possible before going on to the
next step.

Vacuum Filtration. Set up a Hirsch funnel for vacuum filtration (see Technigue 4,
Section 4.3, and Fig. 4.5, p. 594). Moisten the filter paper with a few drops of metha-
nol, and turn on the vacuum (or aspirator) to the fullest extent. Use a microspatula to

' As an alternati w may use a sand bath at about 50°C.
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transfer the material in the conical vial to the Hirsch funnel. The vacuum will draw any
remaining solvent from the crystals. Allow the crystals to dry for 5-10 minutes while
air is drawn through the crystals in the Hirsch funnel.

Carefully scrape the dried crystals from the filter paper onto a tared (previously
weighed) watch glass. If necessary, use a spatula to break up any remaining large
pieces of solid. Allow the crystals to air-dry on the watch glass. To determine when the
crystals are dry, move them around with a dry spatula. When the crystals no longer
clump together or cling to the spatula, they should be dry. If you are working with
ibuprofen, the solid will be slightly sticky even when it is completely dried. Weigh the
watch glass with the crystals to determine the weight of analgesic drug that you have
isolated. Use the weight of the active ingredient specified on the label of the con-
tainer as a basis for calculating the weight percentage recovery.

Use a small sample of the crystals to determine the melting point (see Technique
6, Sections 6.5-6.8, pp. 624-630). Crush the crystals into a powder, using a stirring rod,
in order to determine their melting point. You may observe some “sweating” or
shrinkage (see Technique 6, Section 6.7, p. 626) before the substance actually begins
to melt. The beginning of the melting point range is when actual melting is observed,
not when the solid takes on a slightly wet or shiny appearance or when shrinkage
occurs. If you have isolated ibuprofen, the melting point may be somewhat lower
than that given on page 60. -

At the instructor’s option, place your product in a small vial, label it properly
(p. 29), and submit it to your instructor.

QUESTIONS

Why was the percentage recovery less than 100%? Give several reasons.

Why was the tablet crushed?

What was the purpose of the centrifugation step?

What was the purpose of the alumina column?

. If 185 mg of acetaminophen were obtained from a tablet containing 350 mg of acetaminophen.,
tht would be the weight percentage recovery?

6. A student, who was isolating aspirin. stopped the experiment after the filtration step with
alumina. One week later, the methanol was evaporated and the experiment was completed. The
melting point of the aspirin was found to be 110-115°C. Explain why the melting point was very
low and why the melting range was so wide.

o

ESSAY "
Aspirin

Aspirin is one of the most popular cure-alls of modern life. Even though its curious
history began over 200 years ago, we still have much to learn about this enigmatic remedy.
No one yet knows exactly how or why it works, yet more than 20 million pounds of
aspirin are consumed each year in the United States.
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The history of aspirin began on June 2, 1763, when Edward Stone, a clergyman, read
a paper to the Royal Society of London entitled ‘**An Account of the Success of the Bark
of the Willow in the Cure of Agues.”” By ague, Stone was referring to what we now call
malaria, but his use of the word cure was optimistic; what his extract of willow bark
actually did was to reduce the feverish symptoms of the disease. Almost a century later, a
Scottish physician was to find that extracts of willow bark would also alleviate the symp-
toms of acute rheumatism. This extract was ultimately found to be a powerful analgesic
(pain reliever), antipyretic (fever reducer), and anti-inflammatory (reduces swelling)
drug.

Soon thereafter, organic chemists working with willow bark extract and flowers of
the meadowsweet plant (which gave a similar principle) isolated and identified the active
ingredient as salicylic acid (from salix, the Latin name for the willow tree). The substance
could then be chemically produced in large quantities for medical use. It soon became
apparent that using salicylic acid as a remedy was severely limited by its acidic properties.
The substance caused severe irritation of the mucous membranes lining the mouth, gullet,
and stomach. The first attempts at circumventing this problem by using the less acidic
sodium salt (sodium salicylate) were only partially successful. This substance gave less
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irritation but had such an objectionable sweetish taste that most people could not be
induced to take it. The breakthrough came at the turn of the century (1893) when Felix
Hofmann. a chemist for the German firm of Bayer, devised a practical route for synthesiz-
ing acetylsalicylic acid, which was found to have all the same medicinal properties with-
out the highly objectionable taste or the high degree of mucosal-membrane irritation.
Bayer called its new product *‘aspirin,”” a name derived from a for acetyl, and the root
-spir, from the Latin name for the meadowsweet plant, spirea.

The history of aspirin is typical of many of the medicinal substances in current use.
Many began as crude plant extracts or folk remedies whose active ingredients were iso-
lated and structure were determined by chemists, who then improved on the -original.

In the last few years, the mode of action of aspirin has just begun to unfold. A whole
new class of compounds. called prostaglandins, has been found to be involved in the

Prostaglandin F,,,
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body’s immune responses. Their synthesis is provoked by interference with the body’s
normal functioning by foreign substances or unaccustomed stimuli.

These substances are involved in a wide variety of physiological processes and are
thought to be responsible for evoking pain, fever, and local inflammation. Aspirin has
recently been shown to prevent bodily synthesis of prostaglandins and thus to alleviate the
symptomatic portion (fever, pain, inflammation, menstrual cramps) of the body’s immune
responses (that is, the ones that let you know something is wrong). A recent report sug-
gests that the role of aspirin may be to inactivate one of the enzymes responsible for the
synthesis of prostaglandins. The natural precursor for prostaglandin synthesis is arachi-
donic acid. This substance is converted to a peroxide intermediate by an enzyme called
cyclo-oxygenase, or prostaglandin synthase. This intermediate is converted further to

=\ COOH
0, + cyclo-oxygenase
> _

Arachidonic acid

OH

Series of
steps

Prostaglandins

prostaglandin. The apparent role of aspirin is to attach an acetyl group to the active site of
cyclo-oxygenase, thus rendering it unable to convert arachidonic acid to the peroxide
intermediate. In this way, prostaglandin synthesis is blocked.

Aspirin tablets (5-grain) are usually compounded of about 0.32 g of acetylsalicylic
acid pressed together with a small amount of starch, which binds the ingredients. Buffered
aspirin usually contains a basic buffering agent to reduce the acidic irritation of mucous
membranes in the stomach, since the acetylated product is not totally free of this irritating
effect. Bufferin contains 0.325 g of aspirin together with calcium carbonate, magnesium
oxide, and magnesium carbonate as buffering agents. Combination pain relievers usually
contain aspirin, acetaminophen, and caffeine. Extra Strength Excedrin, for instance, con-
tains 0.250 g of aspirin, 0.250 g of acetaminophen, and 0.065 g of caffeine.
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EXPERIMENT 2 K
Acetylsalicylic Acid

Crystallization
Vacuum filtration
Melting point
Esterification

Aspirin (acetylsalicylic acid) can be prepared by the reaction between salicylic acid
and acetic anhydride:

i I
C 0o C
e Gl o —_ S CH,COOH
P—
/NN cZ ’
0 CH;, O CH, 0~ CH,
Salicylic acid Acetic anhydride Acetylsalicylic acid Acetic acid

In this reaction, the hydroxyl group (—OH) on the benzene ring in salicylic acid reacts
with acetic anhydride to form an ester functional group. Thus, the formation of acetylsali-
cylic acid is referred to as an esterification reaction. This reaction requires the presence of
an acid catalyst, indicated by the H" above the equilibrium arrows.

When the reaction is complete, some unreacted salicylic acid and acetic anhydride
will be present along with acetylsalicylic acid, acetic acid, and the catalyst. The technique
used to purify the acetylsalicylic acid from the other substances is called crystallization.
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This technique will be studied in more detail in Experiment 3. The basic principle is quite
simple. At the end of this reaction, the reaction mixture will be hot, and all substances will
be in solution. As the solution is allowed to cool, the solubility of acetylsalicylic acid will
decrease, and it will gradually come out of solution, or crystallize. Since the other sub-
stances are either liquids at room temperature or are present in much smaller amounts, the
crystals formed will be composed mainly of acetylsalicylic acid. Thus, a separation of
acetylsalicylic acid from the other materials will have been accomplished. The purifica-
tion process is facilitated by the addition of water after the crystals have formed. The
water decreases the solubility of acetylsalicylic acid and dissolves some of the impurities.

The most likely impurity in the final product is salicylic acid itself, which can arise
from incomplete reaction of the starting materials or from hydrolysis (reaction with
water) of the product during the isolation steps. The hydrolysis reaction of acetylsalicylic
acid produces salicylic acid. Salicylic acid and other compounds that contain a hydroxyl
group on the benzene ring are referred to as phenols. Phenols form a highly colored
complex with ferric chloride (Fe** ion). Aspirin is not a phenol, because it does not
possess a hydroxyl group directly attached to the ring. Since aspirin will not give the color
reaction with ferric chloride, the presence of salicylic acid in the final product is easily
detected. The purity of your product will also be determined by obtaining the melting
point.

Required Reading

Review: Introduction to Microscale Laboratory (pp. 42—-59)
Technique 4 Filtration, Sections 4.1-4.6
Technique 6 Physical Constants, Part A, Melting Points

New: Technique 1 Measurement of Volume and Weight
Technique 2 Heating and Cooling Methods
Technique 3 Reaction Methods, Sections 3.1-3.4
Essay Aspirin

Special Instructions

This experiment involves concentrated phosphoric acid, which is highly corrosive. It
will cause burns if it is spilled on the skin. Exercise care in handling it. The acetylsalicylic
acid crystals should be allowed to air-dry overnight after filtration on the Hirsch funnel.

Waste Disposal

The aqueous filtrate should be diluted with water and poured down the drain.
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Procedure

.

Preparation of Acetylsalicylic Acid (Aspirin). Prepare a hot water bath using a
250-mL beaker and a hot plate. Use about 100 mL of water and adjust the tempera-
ture to about 50°C. Weigh 0.210 g of salicylic acid (MW = 138.1) and place this in a
5-mL conical vial. It is not necessary for you to weigh exactly 0.210 g of salicylic acid.
Try to obtain a weight within about 0.005 g of the indicated weight without spending
excessive time at the balance. Record the actual weight in your notebook, and use this
weight in any subsequent calculations. Using an automatic pipet or a dispensing
pump, add 0.480 mL of acetic anhydride (MW = 102.1, d = 1.08 g/mL), followed by
exactly one drop of concentrated phosphoric acid from a Pasteur pipet.

Caution: Concentrated phosphoric acid is highly corrosive. You must
handle it with great care.

Add a magnetic spin vane (Fig. 3.4a, p. 574) and attach an air condenser to the vial.
Clamp this assembly so that the vial is partially submerged in the hot water bath
(Fig. 2.6, p. 566). Stir the mixture with the spin vane until the salicylic acid dissolves. (If
the spin vane becomes stuck in the solid salicylic acid, insert a microspatula through
the air condenser into the conical vial and gently push the spin vane until it begins
spinning.) Heat the mixture for at least 5 minutes after the solid dissolves to complete
the reaction.

Crystallization of Acetylsalicylic Acid. Remove the vial from the water bath and
allow it to cool. After the vial has cooled enough for you to handle it, detach the air
condenser and remove the spin vane with forceps or a magnetic stirring bar. (If you
use forceps, be sure to clean them.) Place the conical vial in a small beaker and allow
the vial to cool to room temperature, during which time the acetylsalicylic acid should
begin to crystallize from the reaction mixture. If it does not crystallize, scratch the
walls of the vial with a glass rod (not fire-polished) and cool the mixture slightly in an
ice-water bath (Technique 2, Section 2.5, p. 567) until crystallization has occurred.
(Scratching the inside walls of the container often helps to initiate crystallization.)
After crystal formation is complete (usually when the product appears as a solid mass),
add 3.0 mL of water (measured with a 10-mL graduated cylinder) and stir thoroughly
with a microspatula.

Vacuum Filtration. Set up a Hirsch funnel for vacuum filtration (see Technique 4,
Section 4.3, and Fig. 4.5, p. 594). Moisten the filter paper with a few drops of water
and turn on the vacuum (or aspirator) to the fullest extent. Transfer the mixture in the
conical vial to the Hirsch funnel. When you have removed as much product as possible
from the vial, add about 1 mL of cold water to the vial using a calibrated Pasteur pipet
(p. 53). Stir the mixture and transfer the remaining crystals and water to the Hirsch
funnel. When all the crystals have been collected in the funnel, rinse them with sev-
eral 0.5-mL portions of cold water. Continue drawing air through the crystals on the
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Hirsch funnel by suction until the crystals are nearly dry (5-10 minutes). Remove the
crystals for air-drying on a watch glass or clay plate. It is convenient to hold the filter
paper disc with forceps while gently scraping the crystals off the filter paper with a
microspatula. If the paper is scraped too hard, small pieces of paper will be removed
along with the crystals. To dry the crystals completely, you must set the crystals aside
overnight. Weigh the dry product and calculate the percentage yield of acetylsalicylic
acid (MW = 180.2).

TEST FOR PURITY

Ferric Chloride Test. You can perform this test on a sample of your product that is
not completely dry. To determine if there is any salicylic acid remaining in your prod-
uct, carry out the following procedure. Obtain three small test tubes. Add 0.5 mL of
water to each test tube. Dissolve a small amount of salicylic acid in the first tube. Add
a similar amount of your product to the second tube. The third test tube, which
contains only solvent, will serve as the control. Add one drop of 1% ferric chloride
solution to each tube and note the color after shaking. Formation of an iron-phenol
complex with Fe(lll) gives a definite color ranging from red to violet, depending on
the particular phenol present. :

Melting Point. As an additional test for purity, determine the melting point of
your product (see Technique 6, Sections 6.5-6.8, pp. 624-630). The melting point must
be obtained with a completely dried sample. Pure aspirin has a melting point of
135-136°C.

Place your product in a small vial, label it properly (p. 29), and submit it to your
instructor.

ASPIRIN TABLETS

Aspirin tablets are acetylsalicylic acid pressed together with a small amount of
inert binding material. Common binding substances include starch, methyicellulose,
and microcrystalline cellulose. You can test for the presence of starch by boiling ap-
proximately one-fourth of an aspirin tablet with 2 mL of water. Cool the liquid and
add a drop of iodine solution. If starch is present, it will form a complex with the
iodine. The starch-iodine complex is deep blue violet. Repeat this test with a commer-
cial aspirin tablet and with the acetylsalicylic acid prepared in this experiment.

QUESTIONS

1. What is the purpose of the concentrated phosphoric acid used in the first step?

2. What would happen if the phosphoric acid were left out?

3. If you used 250 mg of salicylic acid and excess acetic anhydride in the preceding synthesis of
aspirin, what would be the theoretical yield of acetylsalicylic acid in moles? In milligrams?
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4. What is the equation for the decomposition reaction that can occur with aspirin?

5. Most aspirin tablets contain five grains of acetylsalicylic acid. How many milligrams is this?
6. A student performed the reaction in this experiment using a water bath at 90°C instead of 50°C.
The final product was tested for the presence of phenols with ferric chloride. This test was negative
(no color observed): however, the melting point of the dry product was 122—125°C. Explain these
results as completely as possible.

7. If the aspirin crystals were not completely dried before the melting point was determined, what
effect would this have on the observed melting point?

ESSAY -

Analgesics

Acylated aromatic amines (those having an acyl group, R—C—, substituted on
nitrogen) are important in over-the-counter headache remedies. Over-the-counter drugs
are those you may buy without a prescription. Acetanilide, phenacetin, and acetaminophen
are mild analgesics (relieve pain) and antipyretics (reduce fever) and are important, along
with aspirin, in many nonprescription drugs.

O O
H (”3 H (“3 H |
AN N N AN
CH; N CH'; N CH?
OCH,CH; OH
Acetanilide Phenacetin Acetaminophen

The discovery that acetanilide was an effective antipyretic came about by accident in
[886. Two doctors, Cahn and Hepp, had been testing naphthalene as a possible vermifuge
(an agent that expels worms). Their early results on simple worm cases were very discour-
aging, so Dr. Hepp decided to test the compound on a patient with a larger variety of
complaints, including worms—a sort of shotgun approach. A short time later, Dr. Hepp
excitedly reported to his colleague, Dr. Cahn, that naphthalene had miraculous fever-
reducing properties.

In trying to verify this observation, the doctors discovered that the bottle they
thought contained naphthalene had apparently been mislabeled. In fact, the bottle brought
to them by their assistant had a label so faint as to be illegible. They were sure that the
sample was not naphthalene since it had no odor. Naphthalene has a strong odor reminis-
cent of mothballs. So close to an important discovery. the doctors were nevertheless
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stymied; they appealed to a cousin of Hepp, who was a chemist in a nearby dye factory, to
help them identify the unknown compound. This compound turned out to be acetanilide, a
compound with a structure not at all like that of naphthaline. Certainly, Hepp’s unscien-
tific and risky approach would be frowned on by doctors today; and to be sure, the Food

Naphthalene

and Drug Administration (FDA) would never allow human testing before extensive ani-
mal testing (consumer protection has progressed). Nevertheless, Cahn and Hepp made an
important discovery.

In another instance of serendipity, the publication of Cahn and Hepp, describing their
experiments with acetanilide, caught the attention of Carl Duisberg, director of research at
the Bayer Company in Germany. Duisberg was confronted with the problem of profitably
getting rid of nearly 50 tons of p-aminophenol, a by-product of the synthesis of one of
Bayer’s other commercial products. He immediately saw the possibility of converting
p-aminophenol to a compound similar in structure to acetanilide, by putting an acyl group
on the nitrogen. It was then believed, however, that all compounds having a hydroxyl
group on a benzene ring (that is, phenols) were toxic. Duisberg devised a scheme of
structural modification of p-aminophenol to get the compound phenacetin. The reaction
scheme is shown here.

0
H C
AN
NH, NH, N°  CH,
deactivation of
the supposedly
toxic phenol acylation
OH OCH,CH; OCH,CH,
p-Aminophenol Phenacetin

Phenacetin turned out to be a highly effective analgesic and antipyretic. A common
form of combination pain reliever, called an APC tablet, was once available. An APC
tablet contained Aspirin, Phenacetin, and Caffeine (hence, APC). Phenacetin is no longer
used in commercial pain-relief preparations. It was later found that not all aromatic hy-
droxyl groups lead to toxic compounds, and today the compound acetaminophen is very
widely used as an analgesic in place of phenacetin.

Another analgesic, structurally similar to aspirin, that has found some application is
salicylamide. Salicylamide is found as an ingredient in some pain-relief preparations,
although its use is declining.
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|
C—NH,

OH

Salicylamide

On continued or excessive use, acetanilide can cause a serious blood disorder called
methemoglobinemia. In this disorder, the central iron atom in hemoglobin is converted
from Fe(Il) to Fe(IlT) to give methemoglobin. Methemoglobin will not function as an
oxygen carrier in the bloodstream. The result is a type of anemia (deficiency of hemoglo-
bin or lack of red blood cells). Phenacetin and acetaminophen cause the same disorder, but
to a much lesser degree. Since they are also more effective as antipyretic and analgesic
drugs than acetanilide. they are preferred remedies. Acetaminophen is marketed under the
trade names Tylenol and Datril and is often successfully used by persons who are allergic
to aspirin.

CH,

CH, \ CH,CH,COOH
CH,CH,COOH :

Heme portion of blood-oxygen carrier, hemoglobin.

Recently. a new drug has appeared in over-the-counter preparations. This drug is
ibuprofen, which is marketed as a prescription drug in the United States under the name
Motrin. Ibuprofen was first developed in England in 1964. United States marketing rights
were obtained in 1974. Tbuprofen is now sold without prescription under brand names,
which include Advil and Nuprin. Ibuprofen is principally an anti-inflammatory drug, but it
is also effective as an analgesic and an antipyretic. It is particularly effective in the
treatment of the symptoms of rheumatoid arthritis and menstrual cramps. Ibuprofen ap-
pears to control the production of prostaglandins, which parallels the mode of action of
aspirin. An important advantage of ibuprofen is that it is a very powerful pain reliever.
One 200-mg tablet is as effective as two tablets (650 mg) of aspirin. Furthermore, ibupro-
fen has a more advantageous dose-response curve. which means that taking two tablets of
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this drug is approximately twice as effective as one tablet for certain types of pain. Aspirin
and acetaminophen reach their maximum effective dose at two tablets. Little additional
relief is gained at doses above that level. Ibuprofen, however, continues to increase its
effectiveness up to the 400-mg level (the equivalent of four tablets of aspirin or acetamin-
ophen). Ibuprofen is a relatively safe drug, but its use should be avoided in cases of aspirin
allergy, kidney problems, ulcers, asthma, hypertension, or heart disease.

CH;

|
CH3—C|H—CH2 CH—COOH
CH,

Ibuprofen

In 1994, the Food and Drug Administration approved another analgesic for over-the-
counter use as a pain reliever. This new substance is known as Naproxen, although it is
marketed under a variety of trade names. The structure of Naproxen is similar to that of
ibuprofen. It is often administered in the form of its sodium salt. Naproxen can be used to
alleviate the pain of headaches, toothaches, muscle aches, backaches, arthritis, and men-
strual cramps, and it can also be used to reduce fever. Its most important use, however, is
in the treatment of arthritis to alleviate pain.

'3
CH—COOH

CH,0

Naproxen

Analgesics and Caffeine in Some Common Preparations

ASPIRIN ACETAMINOPHEN CAFFEINE SALICYLAMIDE
Aspirin* 0325 ¢ — — —
Anacin 0.400 g - 0.032 g —
Bufferin 0.325¢ — = =
Cope 0421 ¢ — 0.032 ¢ —
Excedrin 0250 ¢ 0250 g 0.065 g —
(Extra-Strength)
Tylenol — 0325¢ = =
B. C. Tablets 0325 ¢ — 0.016 g 0.095 ¢

NoTE: Nonanalgesic ingredients (e.g.. buffers) are not listed.

* 5-grain tablet (1 grain = 0.0648 g).
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EXPERIMENT 3 ¥
Acetaminophen

Decolorization

Filtration

Crystallization

Use of a Craig tube
Preparation of an Amide

Preparation of acetaminophen involves treating an amine with an acid anhydride to
form an amide. In this case, p-aminophenol, the amine, is treated with acetic anhydride to
form acetaminophen (p-acetamidophenol), the amide.

NH, (”) (“)

+ C. C —
7 N _/ \

HO CH; O  CH;
p-Aminophenol Acetic anhydride (”)
NH—C—CH;
+ CH,COOH
HO

Acetaminophen Acetic acid
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The crude solid acetaminophen contains dark impurities carried along with the
p-aminophenol starting material. These impurities, which are dyes of unknown structure,
are formed from oxidation of the starting phenol. While the amount of the dye impurity is
small, it is intense enough to impart color to the crude acetaminophen. Most of the colored
impurity is destroyed by heating the crude product with sodium dithionite (sodium hydro-
sulfite Na,S,0,). The dithionite reduces double bonds in the colored dye to produce
colorless substances.

The decolorized acetaminophen is collected on a Hirsch funnel. It is further purified
by a microscale crystallization technique utilizing a Craig tube.

Required Reading

Review: Introduction to Microscale Laboratory (pp. 42—-59)
Techniques 1 and 2
Technique 3 Reaction Methods, Sections 3.1-3.3
Technique 4 Filtration, Sections 4.1-4.6.
Technique 6 Physical Constants, Part A, Melting Points

New: Technique 4 Filtration, Section 4.7

Technique 5 Crystallization
Essay Analgesics

Special Instructions

Acetic anhydride can cause irritation of tissue, especially in nasal passages. Avoid
breathing the vapor and avoid contact with skin and eyes. p-Aminophenol is a skin irritant
and is toxic.

Waste Disposal

Aqueous solutions obtained from filtration operations may be diluted with water and
flushed down the drain.

Notes to the Instructor

The p-aminophenol acquires a black color upon standing due to air oxidation. It is
best to use a recently purchased sample, which usually has a gray color. If necessary,
black material can be decolorized by heating it in a 10% aqueous solution of sodium
dithionite (sodium hydrosulfite) prior to starting the experiment.

ATy 2g”r7 e )
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Procedure

Reaction Mixture. Weigh about 0.150 g of p-aminophenol (MW = 109.1) and
place this in a 5-mL conical vial. Using an automatic pipet (or a dispensing pump or a
graduated pipet), add 0.450 mL of water and 0.165 mL of acetic anhydride (MW =
102.1, d = 1.08 g/mL). Place a spin vane in the conical vial and attach an air condenser.

Heating. Heat the reaction mixture with an aluminum block or sand bath at
about 115°C (see inset in Fig. 3.2A, p. 571) and stir gently. If you are using a sand bath,
the conical vial should be partially buried in the sand so that the vial is nearly at the
bottom of the sand bath. After the solid has dissolved (it may dissolve, precipitate,
and redissolve), heat the mixture for an additional 10 minutes to complete the reac-
tion.

Isolation of Crude Acetaminophen. Remove the vial from the heat and allow it
to cool. When the vial has cooled to the touch, detach the air condenser, and remove
the spin vane with clean forceps or a magnet. Rinse the spin vane with two or three
drops of warm water, allowing the water to drop into the conical vial. Place the
conical vial in a small beaker and allow it to cool to room temperature. If crystalliza-
tion has not occurred, scratch the inside of the vial with a glass stirring rod to initiate
crystallization. Cool the mixture thoroughly in an ice bath for 15-20 minutes and
collect the crystals by vacuum filtration on a Hirsch funnel (see Technique 4, Section
4.3, and Fig. 4.6, p. 594). Rinse the vial with about 0.5 mL of ice water and transfer this
mixture to the Hirsch funnel. Wash the crystals on the funnel with two additional
0.5-mL portions of ice water. Dry the crystals for 5-10 minutes by allowing air to be
drawn through them while they remain on the Hirsch funnel. Transfer the product to
a watch glass or clay plate and allow the crystals to dry in air. It may take several hours
for the crystals to dry completely, but you may go on to the next step before they are
totally dry. Weigh the crude product and set aside a small sample for a melting point
determination and a color comparison after the next step. Calculate the percentage
yield of crude acetaminophen (MW = 151.2). Record the appearance of the crystals in
your notebook.

Decolorization of Crude Acetaminophen. Dissolve 0.2 g of sodium dithionite (so-
dium hydrosulfite) in 1.5 mL of water in a 5-mL conical vial. Add your crude acetamin-
ophen to the vial. Heat the mixture at about 100°C for 15 minutes, with occasional
stirring with a microspatula. Some of the acetaminophen will dissolve during the
decolorization process. Cool the mixture thoroughly in an ice bath for about 10 min-
utes to reprecipitate the decolorized acetaminophen (scratch the inside of the vial, if
necessary, to induce crystallization). Collect the purified material by vacuum filtration
on a Hirsch funnel using small portions (about 0.5 mL total) of ice water to aid the
transfer. Dry the crystals for 5-10 minutes by allowing air to be drawn through them
while they remain on the Hirsch funnel. You may go on to the next step before the
material is totally dry. Weigh the purified acetaminophen and compare the color of
the purified material to that obtained above.

Crystallization of Acetaminophen. Place the purified acetaminophen in a Craig
tube. Crystallize the material from a solvent mixture composed of 50% water and
50% methanol by volume (aluminum block or sand bath set at about 100°C). Follow
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the crystallization procedure described in Technique 5, Section 5.4, and Figure 5.5,
page 611. The solubility of acetaminophen in this hot (nearly boiling) solvent is about
0.2 g/mL. Although you can use this as a rough indication of how much solvent is
required to dissolve the solid, you should still use the technique shown in Figure 5.5 to
determine how much solvent to add. Add small portions (several drops) of hot solvent
until the solid dissolves. Step 2 in Figure 5.5 (removal of insoluble impurities) should
not be required in this crystallization. When the solid has dissolved, place the Craig
tube in a 10-mL Erlenmeyer flask, insert the inner plug of the Craig tube, and allow
the solution to cool.

When the mixture has cooled to room temperature, place the Craig tube in an
ice-water bath for several minutes. If necessary, induce crystallization by gently
scratching the inside of the Craig tube with your microspatula (Technique 5, Section
5.7B, p. 616). Because acetaminophen may crystallize slowly from the solvent, con-
tinue to cool the Craig tube in an ice bath for at least 10 minutes. Collect the crystals
using the apparatus shown in Figure 4.11 on page 600. Place the assembly in a centri-
fuge (be sure it is balanced by a centrifuge tube filled with water so that both tubes
contain the same weight) and turn on the centrifuge for several minutes. Collect the
crystals on a watch glass or piece of smooth paper, as shown in Figure 5.5 on page 611.
Set the crystals aside to air-dry. Very little additional time should be required to com-
plete the drying. 7

Yield Calculation and Melting Point Determination. Weigh the crystallized acet-
aminophen (MW = 151.2) and calculate the percentage yield. This calculation should
be based on the original amount of p-aminophenol used at the beginning of this
procedure. Determine the melting point of the product. Compare the melting point
of the final product with that of the crude acetaminophen. Also compare the colors of
the crude, decolorized, and pure acetaminophen. Pure acetaminophen melts at
169.5-171°C. Place your product in a properly labeled vial and submit it to your in-
structor.

QUESTIONS

1. During the crystallization of acetaminophen, why was the mixture cooled in an ice bath?
2. In the reaction between p-aminophenol and acetic anhydride to form acetaminophen, 0.450 mL
of water was added. What was the purpose of the water?
3. Why should you use a minimum amount of water to rinse the conical vial while transterring the
purified acetaminophen to the Hirsch funnel?
4. If 0.130 g of p-aminophenol is allowed to react with excess acetic anhydride, what is the
theoretical yield of acetaminophen in moles? In grams?
5. Give two reasons, discussed in Experiments 2 and 3, why the crude product in most reactions is
not pure.
6. Phenacetin has the structure shown. Write an equation for its preparation starting from
4-ethoxyaniline.

O

[
NH—C—CH,

CH,—CH,—O

i AgrEe )

P




I

L 8
t

78 Part One Introduction to Microscale Methods

ESSAY V &

Identification of Drugs

Frequently, a chemist is called on to identify a particular unknown substance. If there
is no prior information to work from, this can be a formidable task. There are several
million known compounds, both inorganic and organic. For a completely unknown sub-
stance, the chemist must often use every available method. If the unknown substance is a
mixture, then the mixture must be separated into its components and each component
identified separately. A pure compound can often be identified from its physical properties
(melting point, boiling point, density, refractive index, and so on) and a knowledge of its
functional groups. These can be identified by the reactions that the compound is observed
to undergo or by spectroscopy (IR, ultraviolet. NMR, and mass spectroscopy). The tech-
niques necessary for this type of identification are introduced in a later section.

A somewhat simpler situation often arises in drug identification. The scope of drug
identification is more limited, and the chemist working in a hospital trying to identify the
source of a drug overdose or the law enforcement officer trying to identify a suspected
illicit drug or a poison usually has some prior clues to work from. So does the medicinal
chemist working for a pharmaceutical manufacturer who might be trying to discover why
a competitor’s product is better than his.

Consider a drug overdose case as an example. The patient is brought into the emer-
gency ward of a hospital. This person may be in a coma or a hyperexcited state, have an
allergic rash, or clearly be hallucinating. These physiological symptoms are themselves a
clue to the nature of the drug. Samples of the drug may be found in the patient’s posses-
sion. Correct medical treatment may require a rapid and accurate identification of a drug
powder or capsule. If the patient is conscious, the necessary information can be elicited
orally: if not, the drug must be examined. If the drug is a tablet or a capsule, the process is
often simple, since many drugs are coded by a manufacturer’s trademark or logo, by shape
(round, oval, bullet shape), by formulation (tablet, gelatin capsule, time-release microcap-
sules), and by color.

It is more difficult to identify a powder, but under some circumstances such identifi-
cation may be easy. Plant drugs are often easily identified since they contain microscopic
bits and pieces of the plant from which they are obtained. This cellular debris is often
characteristic for certain types of drugs, and they can be identified on this basis alone. A
microscope is all that is needed. Sometimes, chemical color tests can be used as confirma-
tion. Certain drugs give rise to characteristic colors when treated with special reagents.
Other drugs form crystalline precipitates of characteristic color and crystal structure when
treated with appropriate reagents.

I the drug itself is not available and the patient is unconscious (or dead), identifica-
tion may be more difficult. It may be necessary to pump the stomach or bladder contents
ol the patient (or corpse). or to obtain a blood sample, and work on these. These samples
ol stomach fluid. urine, or blood would be extracted with an appropriate organic solvent,
and the extract would be analyzed.

Often the final identification of a drug, as an extract of urine, serum, or stomach
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fluid, hinges on some type of chromatography. Thin-layer chromatography (TLC) is
often used. Under specified conditions, many drug substances can be identified by their R,
values and by the colors that their TLC spots turn when treated with various reagents or
when they are observed under certain visualization methods. In the experiment that fol-
lows, TLC is applied to the analysis of an unknown analgesic drug.
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EXPERIMENT 4 =
TLC Analysis of Analgesic Drugs

Thin-layer chromatography

In this experiment, thin-layer chromatography (TLC) will be used to determine the
composition of various over-the-counter analgesics. If the instructor chooses, you may
also be required to identify the components and actual identity (trade name) of an un-
known analgesic. You will be given two commercially prepared TLC plates with a flexible
backing and a silica gel coating with a fluorescent indicator. On one TLC plate, you will
spot five standard compounds often used in analgesic formulations. In addition, a standard
reference mixture containing four of these same compounds will be spotted. Ibuprofen is
omitted from the standard mixture because it would overlap with salicylamide after the
plate is developed. The reference substances are

Acetaminophen (Ac)
Aspirin (Asp)
Cafteine (Ct)
Ibuprofen (Ibu)
Salicylamide (Sal)

A T2 )
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They will all be available as solutions of | g of each dissolved in 20 mL of a 50:50
mixture of methylene chloride and ethanol. The purpose of the first plate is to determine
the order of elution (R, values) of the known substances and to index the standard refer-
ence mixture. On the second plate, the standard reference mixture will be spotted along
with several solutions prepared from commercial analgesic tablets. The crushed tablets
will also be dissolved in a 50:50 methylene chloride—ethanol mixture. At your instruc-
tor’s option, one of the analgesics to be spotted on the second plate may be an unknown.

Two methods of visualization will be used to observe the positions of the spots on
the developed TLC plates. First, the plates will be observed while under illumination from
a short-wavelength ultraviolet (UV) lamp. This is done best in a darkened room or in a
fume hood that has been darkened by taping butcher paper or aluminum foil over the
lowered glass cover. Under these conditions, some of the spots will appear as dark areas
on the plate, while others will fluoresce brightly. This difference in appearance under UV
illumination will help to distinguish the substances from one another. You will find it
convenient to outline very lightly in pencil the spots observed and to place a small x inside
those spots that fluoresce. For a second means of visualization, iodine vapor will be used.
Not all the spots will become visible when treated with iodine, but at least two will
develop a deep brown color. The differences in the behaviors of the various spots with
iodine can be used to further differentiate among them.

It is possible to use several developing solvents for this experiment, but ethyl acetate
with 0.5% glacial acetic acid added is preferred. The small amount of glacial acetic acid
suppresses ionization of both the ibuprofen and the aspirin, allowing them to travel up-
ward on the plates. Without the acid, these compounds do not move.

In some analgesics, you may find ingredients besides the five mentioned previously.
Some include an antihistamine and some a mild sedative. For instance. Midol contains
N-cinnamylephedrine (cinnamedrine). an antihistamine, while Excedrin PM contains the
sedative methapyrilene hydrochloride. Cope contains the related sedative methapyrilene
fumarate.

Required Reading

Review: Essay Analgesics
New: Technique 12 Column Chromatography, Sections 12.1-12.3
Technique 14 Thin-Layer Chromatography
Essay Identification of Drugs
ctions
You must examine the developed plates under ultraviolet light first, and with iodine

vapor second. The iodine permanently affects some of the spots. Aspirin presents some
special problems since it is present in a large amount in many of the analgesics and since
it hydrolyzes easily. For these reasons, the aspirin spots often show excessive tailing. Take
special care to notice that. although they have similar R, values, the ibuprofen and salicyl-
amide spots each have a different appearance when viewed under UV illumination.
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Waste Disposal

Dispose of all development solvent in the container for nonhalogenated organic
solvents. Dispose of the ethanol-methylene chloride mixture in the container for haloge-
nated organic solvents.

Notes to the Instructor

Perform the thin-layer chromatography with flexible Silica Gel 60 F-254 plates (EM
Science 5554-7). If the TLC plates have not been purchased recently, you should place
them in an oven at 100°C for 30 minutes and store them in a desiccator until used. If you
use different thin-layer plates, try out the experiment before using them with a class. Other
plates may not resolve all five substances.

Procedure

Spotting the TLC Plates. You will need at least 12 capillary micropipets to spot-

the plates. The preparation of these pipets is described and illustrated in Technique
14, Section 14.4, page 759.

After preparing the micropipets, obtain two 10-cm x 6.6-cm TLC plates (EM Sci-
ence Silica Gel 60 F-254, No. 5554-7) from your instructor. These plates have a flexible
backing, but they should not be bent excessively. Handle them carefully or the ad-
sorbent may flake off. Also, you should handle them only by the edges; the surface
should not be touched. Using a lead pencil (not a pen), lightly draw a line across the
plates (short dimension) about 1 cm from the bottom. Using a centimeter ruler, move
its index about 0.6 cm in from the edge of the plate and lightly mark off six 1-cm
intervals on the line (see figure). These are the points at which the samples will be
spotted.

Reference plate Five unknowns

AC ASP CF IBU SAL REF 1 2 3 4 SERER

Preparing TLC plates.

L 4TS )



82 Part One Introduction to Microscale Methods

On the first plate, starting from left to right, spot acetaminophen, then aspirin,
caffeine, ibuprofen, and salicylamide. This order is alphabetic and will avoid any fur-
ther memory problems or confusion. Solutions of these compounds will be found in
small bottles on the side shelf. The standard reference mixture, also found on the side
shelf, is spotted in the last position. The correct method of spotting a TLC plate is
described in Technique 14, Section 14.4, page 759. It is important that the spots be
made as small as possible and that the plates not be overloaded. If these cautions are
disregarded, the spots will tail and will overlap one another after development. The
applied spot should be about 1-2 mm (75 in.) in diameter. If scrap pieces of the TLC
plates are available, it would be a good idea to practice spotting on these before
preparing the actual sample plates.

Development of the TLC Plates. When the first plate has been spotted, obtain a
16-0z wide-mouthed screwcap jar (or other suitable container) for use as a develop-
ment chamber. The preparation of a development chamber is described in
Technique 14, Section 14.5, page 761. Since the backing on the TLC plates is very thin,
if they touch the filter paper liner of the development chamber at any point, solvent
will begin to diffuse onto the absorbent surface at that point. To avoid this, you may
either omit the liner or make the modification described next.

If you wish to use a liner, use a very narrow strip of filter paper (approximately
5 cm wide). Fold it into an L shape that is long enough to traverse the bottom of the
jar and extend up the side to the top of the jar. TLC plates placed in the jar for
development should straddle this liner strip but not touch it.

When the development chamber has been prepared, obtain a small amount of
the development solvent (0.5% glacial acetic acid in ethy! acetate). Your instructor
should prepare this mixture; it contains such a small amount of acetic acid that small
individua! portions are difficult to prepare. Fill the chamber with the development
solvent to a depth of about 0.5 cm. If you are using a liner, be sure it is saturated with
the solvent. Recall that the solvent level must not be above the spots on the plate or
the samples will dissolve off the plate into the reservoir instead of developing. Place
the spotted plate in the chamber (straddling the liner if one is present) and allow the
plate to develop.

When the solvent has risen to a level about 0.5 cm from the top of the plate,
remove the plate from the chamber (in the hood) and, using a lead pencil, mark the
position of the solvent front. Set the plate on a piece of paper towel to dry. It may be
helpful to place a small object under one end to allow optimum air flow around the
drying plate. When the plate is dry, observe it under a short-wavelength UV lamp,
preferably in a darkened hood or a darkened room. Lightly outline all of the observed
spots with a pencil. Carefully notice any differences in behavior between the ibupro-
fen and salicylamide. Both compounds have similar Rs values, but the spots have a
different appearance under UV illumination. Most analgesics do not contain both
ibuprofen and salicylamide in the same preparation, but you will need to be able to
distinguish them from one another to identify which one is present. Before proceed-
ing, make a sketch of the plate in your notebook and note the differences in appear-
ance that you observed. Next, place the plate in a jar containing a few iodine crystals,
cap the jar, and warm it gently on a steam bath or hot plate until the spots begin to
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appear. Notice which spots become visible and note their relative colors. Remove the
plate from the jar and record your observations in your notebook. Using a ruler
marked in millimeters, measure the distance that each spot has traveled relative to
the solvent front. Calculate Ry values for each spot (Technique 14, Section 14.9, p. 765).

Analysis of Analgesics. Next, obtain half a tablet of each of the analgesics to be
analyzed. If you were issued an unknown, you may analyze four other analgesics of
your choice; if not, you may analyze five. The experiment will be most interesting if
you make your choices to give a wide spectrum of results. Try to pick at least one
analgesic each containing aspirin, acetaminophen, ibuprofen, and, if available, salicyl-
amide. If you have a favorite anzalgesic, you may wish to include it among your sam-
ples. Take each analgesic half-tablet, place it on a smooth piece of notebook paper,
and crush it well with a spatula. Transfer each crushed half-tablet to a small, labeled
test tube or Erlenmeyer flask. Using a graduated cylinder, mix 15 mL of absolute
ethanol and 15 mL of methylene chloride. Mix the solution well. Add 5 mL of this
solvent to each of the crushed half-tablets and then heat each of them gently for a
few minutes on a steam bath or sand bath at about 100°C. Not all the tablet will
dissolve, since the analgesics usually contain an insoluble binder. In addition, many of
them contain inorganic buffering agents or coatings that are insoluble in this solvent
mixture. After heating the samples, allow them to settle and then spot the clear liquid
extracts on the second plate. At the sixth position, spot the standard reference solu-
tion. Develop the plate in 0.5% glacial acetic acid-ethyl acetate as before. Observe
the plate under UV illumination and mark the visible spots as you did for the first
plate. Repeat the visualization using iodine. Sketch the plates in your notebook and
record your conclusions about the contents of each tablet. If you were issued an
unknown, try to determine its identity (trade name).

ESSAY K

Caffeine

The origins of coffee and tea as beverages are so old that they are lost in legend.
Coftee is said to have been discovered by an Abyssinian goatherd who noticed an unusual
friskiness in his goats when they consumed a certain little plant with red berries. He
decided to try the berries himself and discovered coffee. The Arabs soon cultivated the
coffee plant, and one of the earliest descriptions of its use is found in an Arabian medical
book circa 900 A.p. The great systematic botanist, Linnaeus, named the tree Coffea
arabica.

One legend of the discovery of tea—from the Orient, as you might expect—
attributes the discovery to Daruma, the founder of Zen. Legend has it that he inadvertently
fell asleep one day during his customary meditations. To be assured that this indiscretion
would not recur, he cut off both eyelids. Where they fell to the ground, a new plant took
root that had the power to keep a person awake. Although some experts assert that the
medical use of tea was reported as early as 2737 B.C. in the pharmacopeia of Shen Nung,
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an emperor of China, the first indisputable reference is from the Chinese dictionary of Kuo
P’0, which appeared in 350 a.n. The nonmedical, or popular, use of tea appears to have
spread slowly. Not until about 700 A.D. was tea widely cultivated in China. Since tea is
native to upper Indochina and upper India, it must have been cultivated in these places
before its introduction to China. Linnaeus named the tea shrub Thea sinensis; however, tea
is more properly a relative of the camellia, and botanists have renamed it Camellia thea.

The active ingredient that makes tea and coffee valuable to humans is caffeine.
Caffeine is an alkaloid, a class of naturally occurring compounds containing nitrogen and
having the properties of an organic amine base (alkaline, hence, alkaloid). Tea and coffee
are not the only plant sources of caffeine. Others include kola nuts, maté leaves, guarana
seeds, and in small amount, cocoa beans. The pure alkaloid was first isolated from coffee
in 1821 by the French chemist Pierre Jean Robiquet.
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Caffeine belongs to a family of naturally occurring compounds called xanthines.
The xanthines, in the form of their plant progenitors, are possibly the oldest known stimu-
lants. They all, to varying extents, stimulate the central nervous system and the skeletal
muscles. This stimulation results in an increased alertness, the ability to put off sleep, and
an increased capacity for thinking. Caffeine is the most powerful xanthine in this respect.
It is the main ingredient of the popular No-Doz keep-alert tablets. While caffeine has a
powerful effect on the central nervous system, not all xanthines are as effective. Thus
theobromine, the xanthine found in cocoa, has fewer central nervous system effects. It is,
however, a strong diuretic (induces urination) and is useful to doctors in treating patients
with severe water-retention problems. Theophylline, a second xanthine found in tea, also
has fewer central nervous system effects but is a strong myocardial (heart muscle) stimu-
lant; it dilates (relaxes) the coronary artery that supplies blood to the heart. Its most
important use is in the treatment of bronchial asthma, since it has the properties of a
bronchodilator (relaxes the bronchioles of the lungs). Since it is also a vasodilator
(relaxes blood vessels), it is often used in treating hypertensive headaches. It is also used
to alleviate and to reduce the frequency of attacks of angina pectoris (severe chest pain).
[n addition. it is a more powerful diuretic than theobromine.

One can develop both a tolerance for the xanthines and a dependence on them,

particularly caffeine. The dependence is real, and a heavy user (>5 cups of coffee per day)
will experience lethargy, headache, and perhaps nausea after about 18 hours of abstinence.
An excessive intake of caffeine may lead to restlessness, irritability, insomnia, and muscu-
lar tremor. Caffeine can be toxic, but to achieve a lethal dose of caffeine, one would have
to drink about 100 cups of coffee over a relatively short petiod.

Caffeine is a natural constituent of coffee, tea, and kola nuts (Kola nitida). Theophyl-
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line is found as a minor constituent of tea. The chief constituent of cocoa is theobromine.
The amount of caffeine in tea varies from 2 to 5%. In one analysis of black tea, the
following compounds were found: caffeine, 2.5%; theobromine, 0.17%; theophylline,
0.013%; adenine, 0.014%; and guanine and xanthine, traces. Coffee beans can contain up
to 5% by weight of caffeine, and cocoa contains around 5% theobromine. Commercial
cola is a beverage based on a kola nut extract. We cannot easily get kola nuts in this
country, but we can get the ubiquitous commercial extract as a syrup. The syrup can be
converted into ‘‘cola.’”’ The syrup contains caffeine, tannins, pigments, and sugar. Phos-
phoric acid is added, and caramel is added to give the syrup a deep color. The final drink is
prepared by adding water and carbon dioxide under pressure, to give the bubbly mixture.
The Food and Drug Administration currently requires that a ‘‘cola’’ contain some caffeine
but limits this amount to a maximum of 5 milligrams per ounce. To achieve a regulated
level of caffeine, most manufacturers remove all caffeine from the kola extract and then
re-add the correct amount to the syrup. The caffeine content of various beverages is listed
in the accompanying table.

Amount of Caffeine (mg/oz) Found in Beverages

Brewed coffee 18-25 Tea 5-15
Instant coftee 12-16 Cocoa (but 20 mg/oz theobromine) 1
Decaffeinated coffee  5-10 Coca-Cola 35

NoTE: The average cup of coffee or tea contains about 5 oz of liquid. The average bottle of cola contains about 12 oz
of liquid.

Because of the central nervous system effects from caffeine, many persons prefer to
use decaffeinated coffee. The caffeine is removed from coffee by extracting the whole
beans with an organic solvent. Then, the solvent is drained off, and the beans are steamed
to remove any residual solvent. The beans are dried and roasted to bring out the flavor.
Decaffeination reduces the caffeine content of coffee to the range of 0.03 to 1.2% caffeine.
The extracted caffeine is used in various pharmaceutical products, such as APC tablets.
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Caffeine has always been a controversial compound. Some religions forbid the use
of beverages containing caffeine, which they consider an addictive drug. In fact, many
people consider caffeine an addictive drug. Recently, there has been concern because
caffeine is structurally similar to the purine bases adenine and guanine, which are two of
the five principal bases organisms use to form the nucleic acids DNA and RNA. It is
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feared that the substitution of caffeine for adenine or guanine in either of these genetically
important substances could lead to chromosome defects. N

A portion of the structure of a DNA molecule is shown below. The typical mode of
incorporation of both adenine and guanine is specifically shown. If caffeine were substi-
tuted for either of these, the hydrogen bonding necessary to link the two chains would be
disturbed. Although caffeine is most similar to guanine, it could not form the central
hydrogen bond, since it has a methyl group instead of a hydrogen in the necessary posi-
tion. Hence, the genetic information would be garbled, and there would be a break in the
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chain. Fortunately, little evidence exists of chromosome breaks due to caffeine. Many
cultures have been using tea and coffee for centuries without any apparent genetic prob-
lems.

Recent work by researchers at Ohio State University, however, suggests that con-
sumption of caffeine and other xanthine compounds is related to the development of cystic
breast disease, which is a nonmalignant but often painful condition characterized by a
fibrous growth in the breast. When all coffee, tea, colas, and chocolate were eliminated
from the diet of women suffering from cystic breast disease, most women experienced a
resolution of this disease.

Another problem, not related to caffeine but rather to the beverage tea, is that in
some cases persons who consume high quantities of tea may show symptoms of
Vitamin B, (thiamine) deficiency. It is suggested that the tannins in the tea may complex
with the thiamine, rendering it unavailable for use. An alternative suggestion is that caf-
feine may reduce the levels of the enzyme transketolase, which depends on the presence of
thiamine for its activity. Lowered levels of transketolase would produce the same symp-
toms as lowered levels of thiamine.
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EXPERIMENT 5 F]

Isolation of Caffeine from Tea

Isolation of a natural product
Extraction
Sublimation

In this experiment, caffeine is isolated from tea leaves. The chief problem with the
isolation is that caffeine does not exist alone in tea leaves, but is accompanied by other
natural substances from which it must be separated. The main component of tea leaves is
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cellulose, which is the principal structural material of all plant cells. Cellulose is a polymer
of glucose. Since cellulose is virtually insoluble in water, it presents no problems in the
isolation procedure. Caffeine, on the other hand, is water soluble and is one of the main
substances extracted into the solution called tea. Caffeine constitutes as much as 5% by
weight of the leaf material in tea plants.

Tannins also dissolve in the hot water used to extract tea leaves. The term tannin
does not refer to a single homogeneous compound, or even to substances that have similar
chemical structure. It refers to a class of compounds that have certain properties in com-
mon. Tannins are phenolic compounds having molecular weights between 500 and 3000.
They are widely used to tan leather. They precipitate alkaloids and proteins from aqueous
solutions. Tannins are usually divided into two classes: those that can be hydrolyzed
(react with water) and those that cannot. Tannins of the first type that are found in tea
generally yield glucose and gallic acid when they are hydrolyzed. These tannins are esters
of gallic acid and glucose. They represent structures in which some of the hydroxyl groups
in glucose have been esterified by digalloyl groups. The nonhydrolyzable tannins found in
tea are condensation polymers of catechin. These polymers are not uniform in structure;
catechin molecules are usually linked at ring positions 4 and 8.
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When tannins are extracted into hot water, some of these compounds are partially
hydrolyzed to form free gallic acid. The tannins, because of their phenolic groups, and
gallic acid, because of its carboxyl groups, are both acidic. If sodium carbonate, a base, is
added to tea water, these acids are converted to their sodium salts that are highly soluble in
water.

Although caffeine is soluble in water, it is much more soluble in the organic solvent
methylene chloride. Caffeine can be extracted from the basic tea solution with methylene
chloride. but the sodium salts of gallic acid and the tannins remain in the aqueous layer.




Experiment 5 Isolation of Caffeine from Tea 89

The brown color of a tea solution is due to flavonoid pigments and chlorophylls and
to their respective oxidation products. Although chlorophylls are soluble in methylene
chloride, most other substances in tea are not. Thus, the methylene chloride extraction of
the basic tea solution removes nearly pure caffeine. The methylene chloride is easily
removed by evaporation (bp 40°C) to leave the crude caffeine. The caffeine is then puri-
fied by sublimation.
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Required Reading
Review: Introduction to Microscale Laboratory (pp. 42-59)
Techniques 1 and 2 1
Technique 3  Reaction Methods, Section 3.9
Technique 6  Physical Constants, Part A, Melting Points \
New: Technique 7  Extractions, Separations, and Drying Agents, Sections

7.1-7.7, 7.9, and 7.10
Technique 16 Sublimation
Essay Caffeine

Special Instructions

Be careful when handling methylene chloride. It is a toxic solvent, and you should
not breathe it excessively or spill it on yourself. The extraction procedure with methylene
chloride calls for two centrifuge tubes with screwcaps. Corks can also be used to seal the
tubes; however, the corks will absorb a small amount of the liquid. Rather than shaking the
centrifuge tube, agitation can be accomplished conveniently with a vortex mixer.
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Waste Disposal

You must dispose of methylene chloride in a waste container marked for the disposal
of halogenated organic waste. Dispose of the tea bags in a waste container, not in the sink.
The aqueous solutions obtained after the extraction steps can be disposed of in the sink.

Procedure

Preparing the Tea Solution. Place 20 mL of water in a 50-mL beaker. Cover the
beaker with a watch glass and heat the water on a hot plate until it is almost boiling.
Place a tea bag' into the hot water so that it lies flat on the bottom of the beaker and
is covered as completely as possible with water. Replace the watch glass and continue
heating for about 15 minutes. During this heating period, it is important to push
down gently on the tea bag with a test tube, so that all the tea leaves are in constant
contact with water. As the water evaporates during this heating step, replace it by
adding water from a Pasteur pipet.

Using the Pasteur pipet, transfer the concentrated tea solution to two centrifuge
tubes fitted with screwcaps. Try to keep the liquid volume in each centrifuge tube
approximately equal. To squeeze additional liquid out of the tea bag, hold the tea
bag on the inside wall of the beaker and roll a test tube back and forth while exerting
gentle pressure on the tea bag. Press out as much liquid as possible without breaking
the bag. Combine this liquid with the solution in the centrifuge tubes. Place the tea
bag on the bottom of the beaker again, and pour 2 mL of hot water over the bag.
Squeeze the liquid out, as just described, and transfer this liquid to the centrifuge
tubes. Add 0.5 g of sodium carbonate to the hot liquid in each centrifuge tube. Cap
the tubes and shake the mixture until the solid dissolves.

Extraction and Drying. Cool the tea solution to room temperature. Using a cali-
brated Pasteur pipet (p. 53), add 3 mL of methylene chloride to each centrifuge tube
to extract the caffeine (Technique 7, Section 7.4, p. 647). Cap the centrifuge tubes
and gently shake the mixture for several seconds. Vent the tubes to release the pres-
sure, being careful that the liquid does not squirt out toward you. Shake the mixture
for an additional 30 seconds with occasional venting. To separate the layers and break
the emulsion (see Technique 7, Section 7.10, p. 657), centrifuge the mixture for sev-
eral minutes (be sure to balance the centrifuge by placing the two centrifuge tubes on
opposite sides). If an emulsion still remains (indicated by a green-brown layer be-
tween the clear methylene chloride layer and the top aqueous layer), centrifuge the
mixture again.

Remove the lower organic layer with a Pasteur pipet and transfer it to a test
tube. Be sure to squeeze the bulb before placing the tip of the Pasteur pipet into the
liquid, and try not to transfer any of the dark aqueous solution along with the methy-

The weight of tea in the bag will be given to you by your instructor. This can be determined by opening several bags of
tea and determining the average weight. If this is done carefully, the tea can be returned to the bags, which can be restapled.
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lene chloride layer. Add a fresh 3-mL portion of methylene chloride to the aqueous
layer remaining in each centrifuge tube, cap the centrifuge tubes, and shake the
mixture in order to carry out a second extraction. Separate the layers by centrifuga-
tion, as described previously. Combine the organic layers from each extraction into
one test tube. If there are visible drops of the dark aqueous solution in the test tube,
transfer the methylene chloride solution to another test tube using a clean, dry Pas-
teur pipet. If necessary, leave a small amount of the methylene chloride solution
behind in order to avoid transferring any of the aqueous mixture. Add a small amount
(three to four microspatulafuls, using the V-grooved end) of granular anhydrous so-
dium sulfate to dry the organic layer (Technique 7, Section 7.9, p. 655). If all the
sodium sulfate clumps together when the mixture is stirred with a spatula, add some
additional drying agent. Allow the mixture to stand for 10-15 minutes. Stir occasion-
ally with a spatula.

Evaporation. Transfer the dry methylene chloride solution with a Pasteur pipet
to a dry, pre-weighed 25-mL Erlenmeyer flask, while [eaving the drying agent behind.
Evaporate the methylene chloride by heating the flask in a hot water bath (Tech-
nique 3, Section 3.9, p. 582). This should be done in a hood and can be accomplished
more rapidly if a stream of dry air or nitrogen gas is directed at the surface of the
liquid. When the solvent is evaporated, the crude caffeine will coat the bottom of the
flask. Do not heat the flask after the solvent has evaporated, or you may sublime
some of the caffeine. Weigh the flask and determine the weight of crude caffeine.
Calculate the weight percentage recovery (see p. 26) of caffeine from tea leaves,
using the weight of tea given to you by your instructor. You may store the caffeine by
simply placing a stopper firmly into the flask.

Sublimation of Caffeine. Caffeine can be purified by sublimation (Technique 16,
Section 16.4, p. 788). Assemble a sublimation apparatus as shown in Figure 16.2A,
page 789.% Add approximately 0.5 mL of methylene chloride to the Erlenmeyer flask
and transfer the solution to a clean 5-mL thin-walled conical vial, using a clean and
dry Pasteur pipet. Add a few more drops of methylene chloride to the flask in order to
rinse the caffeine out completely. Transfer this liquid to the conical vial. Evaporate the
methylene chloride from the conical vial by gentle heating in a warm water bath
under a stream of dry air or nitrogen.

Insert the cold finger into the sublimation apparatus. If you are using the subli-
mator with the multipurpose adapter, adjust it so that the tip of the cold finger will
be positioned about 1 cm above the bottom of the conical vial. Be sure that the inside
of the assembled apparatus is clean and dry. If you are using an aspirator, install a trap
between the aspirator and the sublimation apparatus. Turn on the vacuum and check
to make sure that all joints in the apparatus are sealed tightly. Place ice cold water in
the inner tube of the apparatus. Heat the sample gently and carefully with a micro-
burner to sublime the caffeine. Hold the burner in your hand (hold it at its base, not
by the hot barrel) and apply the heat by moving the flame back and forth under the
conical vial and up the sides. If the sample begins to melt, remove the flame for a few

2 . . . . . . - el .
“ If you are using another type of sublimation apparatus, your instructor will provide you with specific instructions on how
to assemble it correctly.
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seconds before you resume heating. When sublimation is complete, discontinue heat-
ing. Remove the cold water and remaining ice from the inner tube and allow the
apparatus to cool while continuing to apply the vacuum.

When the apparatus is at room temperature, remove the vacuum and carefully
remove the inner tube. If this operation is done carelessly, the sublimed crystals may
be dislodged from the inner tube and fall back into the conical vial. Scrape the sub-
limed caffeine onto a tared piece of smooth paper and determine the weight of
caffeine recovered. Calculate the weight percentage recovery (see p. 26) of caffeine
after the sublimation. Compare this value to the percentage recovery determined
after the evaporation step. Determine the melting point of the purified caffeine. The
melting point of pure caffeine is 236°C; however, the observed melting point will be
lower. Submit the sample to the instructor in a labeled vial.

QUESTIONS

1. Outline a separation scheme for isolating caffeine from tea. Use a flowchart similar in format to
that shown in the ‘‘Advance Preparation and Laboratory Records’” chapter (see p. 24).

2. Why was the sodium carbonate added?

3. The crude caffeine isolated from tea has a green tinge. Why?

4. What are some possible explanations for why the melting point of your isolated caffeine was
lower than the literature value (236°C)?

5. An alternative procedure for removing the tannins and gallic acid is to heat the tea leaves in an
aqueous mixture containing calcium carbonate. Calcium carbonate reacts with the tannins and
gallic acid to form insoluble calcium salts of these acids. If this procedure were used, what addi-
tional step (not done in this experiment) would be needed in order to obtain an aqueous tea
solution?

6. What would happen to the caffeine if the sublimation step were performed at atmospheric
pressure?

ESSAY =

Esters—Flavors and Fragrances

Esters are a class of compounds widely distributed in nature. They have the general
formula

i
R—C—OR'’

The simple esters tend to have pleasant odors. In many cases, although not exclusively so,
the characteristic flavors and fragrances of flowers and fruits are due to compounds with
the ester functional group. An exception is the case of the essential oils. The organoleptic
qualities (odors and flavors) of fruits and flowers may often be due to a single ester, but
more often, the flavor or the aroma is due to a complex mixture in which a single ester
predominates. Some common flavor principles are listed in Table One. Food and beverage
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TABLE ONE Ester Flavors and Fragrances
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manufacturers are thoroughly familiar with these esters and often use them as additives to
spruce up the flavor or odor of a dessert or beverage. Many times, such flavors or odors do
not even have a natural basis, as is the case with the “‘juicy fruit’’ principle, isopenteny!
acetate. An instant pudding that has the flavor of rum may never have seen its alcoholic
namesake—this flavor can be duplicated by the proper admixture, along with other minor
components, of ethyl formate and isobutyl propionate. The natural flavor and odor are not
exactly duplicated, but most people can be fooled. Often, only a trained person with a high
degree of gustatory perception, a professional taster, can tell the difference.

A single compound is rarely used in good-quality imitation flavoring agents. A
formula for an imitation pineapple flavor that might fool an expert is listed in Table Two.
The formula includes 10 esters and carboxylic acids that can easily be synthesized in the
laboratory. The remaining seven oils are isolated from natural sources.
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TABLE TWO. Artificial Pineapple Flavor

Pure Compounds % Essential Oils %
Allyl caproate 5 Oil of sweet birch 1
Isoamyl acetate 3 Oil of spruce 2
Isoamyl isovalerate 3 Balsam Peru 4
Ethyl acetate 15 Volatile mustard oil 1
Ethyl butyrate 22 Oil cognac 5
Terpinyl propionate 3 Concentrated orange oil 4
Ethyl crotonate 5 Distilled oil of lime 2
Caproic acid 8 19
Butyric acid 12
Acetic acid S

81

Flavor is a combination of taste, sensation, and odor transmitted by receptors in the
mouth (taste buds) and nose (olfactory receptors). The stereochemical theory of odor is
discussed in the essay that precedes Experiment 8. The four basic tastes (sweet, sour, saity,
and bitter) are perceived in specific areas of the tongue. The sides of the tongue perceive
sour and salty tastes, the tip is most sensitive to sweet tastes, and the back of the tongue
detects bitter tastes. The perception of flavor, however, is not so simple. If it were, it
would require only the formulation of various combinations of four basic substances: a
bitter substance (a base), a sour substance (an acid), a salty substance (sodium chioride),
and a sweet substance (sugar), to duplicate any flavor! In fact, we cannot duplicate flavors
in this way. The human possesses 9000 taste buds. The combined response of these taste
buds is what allows perception of a particular flavor.

Although the “‘fruity’’ tastes and odors of esters are pleasant, they are seldom used
in perfumes or scents that are applied to the body. The reason for this is chemical. The
ester group is not as stable to perspiration as the ingredients of the more expensive essen-
tial-oil perfumes. The latter are usually hydrocarbons (terpenes), ketones, and ethers ex-
tracted from natural sources. Esters, however, are used only for the cheapest toilet waters,
since on contact with sweat they undergo hydrolysis, giving organic acids. These acids,
unlike their precursor esters, generally do not have a pleasant odor.

O

I I
R—C +H,0 — R— + R'OH
\ 0 N
OR’ OH

Butyric acid, for instance, has a strong odor like that of rancid butter (of which it is an
ingredient) and is a component of what we normally call body odor. It is this substance
that makes foul-smelling humans so easy for an animal to detect when it is downwind of
them. It is also of great help to the bloodhound, which is trained to follow small traces of
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this odor. Ethyl butyrate and methyl butyrate, however, which are the esters of butyric
acid, smell like pineapple and apple, respectively.

A sweet fruity odor also has the disadvantage of possibly attracting fruit flies and
other insects in search of food. Isoamyl acetate, the familiar solvent called banana oil, is
particularly interesting. It is identical to the alarm pheromone of the honeybee. Phero-
mone is the name applied to a chemical secreted by an organism that evokes a specific
response in another member of the same species. This kind of communication is common
between insects who otherwise lack means of intercourse. When a honeybee worker stings
an intruder, an alarm pheromone, composed partly of isoamyl acetate, is secreted along
with the sting venom. This chemical causes aggressive attack on the intruder by other
bees, who swarm after the intruder. Obviously, it wouldn’t be wise to wear a perfume
compounded of isoamyl acetate near a beehive. Pheromones are discussed in more detail
in the essay preceding Experiment 42.
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EXPERIMENT 6 | c
Isopentyl Acetate (Banana Oil)

Esterification

Heating under reflux
Extraction

Simple distillation
Microscale boiling point

In this experiment you will prepare an ester, isopentyl acetate. This ester is often
referred to as banana oil, since it has the familiar odor of this fruit.
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| CH,
CH;—C—OH + CH;—CH—CH,CH,—OH =——= :
Acetic acid Isopentyl alcohol
(excess)
i e
CH3_C_O_CH2CH2—CH_CH3 + H20
Isopentyl acetate
(v Isopentyl acetate is prepared by the direct esterification of acetic acid with isopentyl
fa alcohol. Since the equilibrium does not favor the formation of the ester, it must be shifted

to the right, in favor of the product, by using an excess of one of the starting materials.
| Acetic acid is used in excess because it is less expensive than isopentyl alcohol and more
easily removed from the reaction mixture.

In the isolation procedure, much of the excess acetic acid and the remaining isopen-
tyl alcohol are removed by extraction with sodium bicarbonate and water. After drying
with anhydrous sodium sulfate, the ester is purified by distillation. The purity of the liquid
product is analyzed by performing a microscale boiling point determination.

Required Reading

Review: Introduction to Microscale Laboratory (pp. 42—59)
Techniques 1 and 2

New: Technique 3  Reaction Methods, Sections 3.2-3.4 and 3.6
Technique 6  Physical Constants, Part B, Boiling Points
Technique 7  Extractions, Separations, and Drying Agents
Technique 8  Simple Distillation
Essay Esters—Flavors and Fragrances

If performing the optional infrared spectroscopy, also read:

Technique 19 Preparation of Samples for Spectroscopy, Part A

Instructions
Since a I-hour reflux is required, you should start the experiment at the very begin-
ning of the laboratory period. During the reflux period, you may perform other experimen-
tal worl
Be careful when measuring the concentrated sulfuric acid. It will cause extreme

burns if it is spitled on the skin.
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Waste Disposal

Any aqueous solutions may be disposed of safely by diluting them with water and
flushing them down the sink with plenty of additional water. The spent drying agent may
be disposed of in a similar fashion.

Procedure

Apparatus. Using a 5-mL conical vial, assemble a reflux apparatus using a water-
cooled condenser (Fig. 3.2A, p. 571). Top the condenser with a drying tube (Fig. 3.6A,
p. 577) that contains a loose plug of glass wool. The purpose of the drying tube is to
control odors rather than to protect the reaction from water. Use a hot plate and an
aluminum block for heating.

Preparation. Remove the empty 5-mL conical vial, weigh it, and record its
weight. Place approximately 1.0 mL of isopentyl alcohol (MW = 88.2, d = 0.813 g/mL)
in the vial using an automatic pipet or a dispensing pump. Reweigh the vial contain-
ing the alcohol and subtract the tare weight to obtain an accurate weight for the
alcohol. Add 1.5 mL of glacial acetic acid (MW = 60.1, d = 1.06 g/mL) using an auto-
matic pipet or dispensing pump. Using a disposable Pasteur pipet, add two to three
drops of concentrated sulfuric acid. Swirl the liquid to mix. Add a small boiling stone
(or a magnetic spin vane) and reattach the vial to the apparatus.

Reflux. Bring the mixture to a boil (aluminum block at about 150-160°C). Be sure
to stir the mixture if you are using a spin vane instead of a boiling stone. Continue
heating under reflux for 60—75 minutes. Remove the heating source and allow the
mixture to cool to room temperature.

Workup. Disassemble the apparatus and, using a forceps, remove the boiling
stone (or spin vane). Using a calibrated Pasteur pipet (p. 53), slowly add 1.0 mL of 5%
aqueous sodium bicarbonate to the cooled mixture in the conical vial. Stir the mixture
in the vial with a microspatula until carbon dioxide evolution is no longer vigorous.
Then cap the vial and shake gently with venting until the evolution of gas is complete.
Using a Pasteur pipet, remove the lower aqueous layer and discard it. Repeat the
extraction two more times, as outlined previously, using a fresh 1.0-mL portion of 5%
sodium bicarbonate solution each time.

If droplets of water are evident in the vial containing the ester, transfer the ester
to a dry conical vial using a Pasteur pipet. Add a small amount (one to two microspat-
ulafuls, using the V-grooved end) of granular anhydrous sodium sulfate to dry the
ester. If all the drying agent clumps together when the mixture is stirred, add some
additional drying agent. Allow the capped solution to stand for 10-15 minutes. Trans-
fer the dry ester with a Pasteur pipet into a 3-mL conical vial while leaving the drying
agent behind. If necessary, pick out any granules of sodium sulfate with the end of a
spatula.

Distillation. Add a boiling stone (or a magnetic spin vane) to the dry ester.
Clamping the glassware, assemble a distillation apparatus using a Hickman still and a

“4:FF g
=

b% 4

) W

o

A\ o a=—a ~ o~



TRANSMITTANCE (%)

98 Part One Introduction to Microscale Methods

water-cooled condenser on top of a hot plate with an aluminum heating block (Fig.
8.5, p. 670). In order to control odors, rather than to keep the reaction dry, top the
apparatus with a drying tube packed loosely with a small amount of calcium chloride
held in place by bits of cotton or glass wool. Begin the distillation by turning on the
hot plate (about 180°C). Continue the distillation until only one or two drops of liquid
remain in the distilling vial. If the Hickman head fills before the distillation is com-
plete, it may be necessary to empty it using a Pasteur pipet (see Fig. 8.6A, p. 671) and
transfer the distillate to a tared (pre-weighed) conical vial. Unless you have a side-
ported Hickman still, it will be necessary to remove the condenser in order to perform
the transfer. When the distillation is complete, transfer the final portion of the distill-
ate to this same vial.

Determination of Yield. Weigh the product and calculate the percentage yield of
the ester. Determine its boiling point (bp 142°C) using a microscale boiling point
determination (Technique 6, Section 6.10, p. 631).

INFRARED SPECTROSCOPY

At your instructor’s option, obtain an infrared spectrum using salt plates (Tech-
nique 9, Section 19.2, p. 804). Compare the spectrum with the one reproduced in this
experiment and include it with your report to the instructor. if any of your sample
remains after performing the determination of the infrared spectrum, submit it in a
properly labeled vial along with your report.

QUESTIONS

1. One method for favoring the formation of an ester is to add excess acetic acid. Suggest another
method. involving the right-hand side of the equation, that will favor the formation of the ester.
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2. Why is it easier to remove excess acetic acid from the products than excess isopentyl alcohol?

3. Why is the reaction mixture extracted with sodium bicarbonate? Give an equation and explain
its relevance.

4. Which starting material is the limiting reagent in this procedure? Which reagent is used in
excess? How great is the molar excess (how many times greater)?

5. How many grams are there in 1.00 mL of isopentyl acetate? You will need to look up the
density of isopentyl acetate in a handbook.

6. How many moles of isopentyl acetate are there in 1.00 g of isopentyl acetate? You will need to
calculate the molecular weight of isopentyl acetate.

7. Suppose that 1.00 mL of isopentyl alcohol was reacted with excess acetic acid and that 1.00 g
of isopentyl acetate was obtained as product. Calculate the percentage yield.

8. Outline a separation scheme for isolating pure isopentyl acetate from the reaction mixture.

9. Interpret the principal absorption bands in the infrared spectrum of isopentyl acetate. (Appen-
dix 3 may be of some help in answering this question.)
10. Write a mechanism for the acid-catalyzed esterification of acetic acid with isopentyl alcohol.
You may need to consult the chapter on carboxylic acids in your lecture textbook.

ESSAY L

Terpenes and Phenylpropanoids

Anyone who has walked through a pine or cedar forest, or anyone who loves flowers
and spices, knows that many plants and trees have distinctively pleasant odors. The es-
sences or aromas of plants are due to volatile or essential oils, many of which have been
valued since antiquity for their characteristic odors (frankincense and myrrh, for example).
A list of the commercially important essential oils would run to over 200 entries. Allspice,
almond, anise, basil, bayberry, caraway, cinnamon, clove, cumin, dill, eucalyptus, garlic,
jasmine, juniper, orange, peppermint, rose, sandalwood, sassafras, spearmint, thyme, vio-
let, and wintergreen are but a few familiar examples of such valuable essential oils.
Essential oils are used for their pleasant odors in perfumes and incense. They are also used
for their taste appeal as spices and flavoring agents in foods. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>