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PREFACE B

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.
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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



EXPERIMENTS WHICH CAN BE
PERFORMED WITH MINIMAL
EQUIPMENT i

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)
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34
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38
41
44
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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.

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

laboratory.
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56
57
58
59
60

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

Preparation of a C-4 or C-5 Acetate Ester

Synthesis of t-Pentyl Chloride

Nitration of Methyl Benzoate

Hydrolysis of Methyl Salicylate

Isolation of Essential Oils from Allspice, Cloves, Cumin, Caraway, Cin-
namon, or Fennel
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Once an introductory selection of experiments has been established, it is less expen-
sive to add particular pieces to the glassware that is already available, in order to add new
experiments to the schedule. This alternative approach is likely to be much less expensive
than purchasing a set of complete glassware kits in one large purchase.
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2 Introduction

WELCOME TO ORGANIC CHEMISTRY! b |

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
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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-
form 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

. 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.

NN sE W=

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-
niques. We are enthusiastic about our subject and hope you will receive it with the same
spirit.



