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Preface

In preparing this new edition of our microscale organic laboratory textbook, we have at-
tempted to respond to the many helpful and constructive suggestions that we have received
over the years. This edition, therefore, attempts to keep those features that have made our
previous books as well-received as they have been, while adding new methods of teaching
organic laboratory, with an eye to making the experiments more interesting and less rou-
tine than in previous editions.

NEW TO THIS EDITION

We have not included stand-alone technique experiments in previous editions of our text-
books. However, we are aware of many schools that use our textbook supplemented with
their own technique experiments. Because of this and because our teaching philosophy has
evolved over the past twenty years, we have included four new technique experiments in
this book: Crystallization, Extraction, Chromatography, and Distillation (Experiments
3—6). We have also included an introductory experiment on solubility (Experiment 2), be-
cause solubility principles form the basis for several of the basic techniques. These five ex-
periments emphasize understanding of and proficiency in performing the techniques. To
further their understanding and to encourage students to think critically, we have included
a number of “Critical Thinking Applications™ at the end of several of these experiments.
These are short exercises in which students must provide experimentally determined solu-
tions to problems related to the techniques and the underlying principles.

For those of you who want to continue to teach techniques within the context of relevant
experiments, we recommend that you skip the introductory technique experiments and use
this book, starting with Experiment 7, in the same way that you used the Second Edition.

There is a new section in this textbook (Part 7) titled “Project-Based Experiments.” In
all of these experiments, students must either solve a significant problem or they must gen-
erate all or part of a procedure. These experiments are intended to require considerable
critical thinking and to challenge the students. Some of these experiments will give stu-
dents a feeling for research in chemistry.

New experiments, besides the introductory experiments in Part One, which have been
added to this edition of the textbook include:

Experiment 17 Computational Chemistry
Experiment 55 A Separation and Purification Scheme
Experiment 56 Conversion of Cyclohexanol to Bromocyclohexane

Experiment 57B Identification of the Constituents of Essential Oils by Gas
Chromatography—Mass Spectrometry

Experiment 57C Investigation of the Essential Oils of Herbs and Spices—
A Mini-Research Project

vii
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Experiment 59 The Analysis of Antihistamine Drugs by Gas
Chromatography-Mass Spectrometry

Experiment 60 The Aldehyde Enigma

Experiment 61 Michael and Aldol Condensation Reactions

The scale of most experiments is the same as it was in the Second Edition. In a number
of experiments, we have included a semi-microscale procedure as an alternative to the
microscale procedure. In the semi-microscale procedures, crystallizations arc done in an
Erlenmeyer flask rather than a Craig tube, and distillations are performed with conven-
tional distillation equipment rather than a Hickman distillation head. For those of you not
interested in using the alternative semi-microscale procedures, you will be pleased to
know that all of the original microscale procedures have been retained. We have received
feedback from some of you indicating that these semi-microscale procedures would be a
desirable feature. We would appreciate receiving more feedback about this approach.

To make room for the new material which has been added, we had to delete a number
of experiments which were in the previous edition. If we have deleted any of your favorite
experiments, let us know and we’ll take this into account when we write our next edition.

In this edition, we have updated the safety and waste disposal instructions that accompany
each experiment. We recommend that virtually all waste, including aqueous solutions, be
placed into appropriate waste containers. We have also made changes to improve the reliabil-
ity of the experiments.

In a departure from many laboratory textbooks, we have included methods that bring
the computer and the laboratory together. We have provided experiments that introduce
students to molecular modeling and computational chemistry (Part 3). Optional exercises
within some of the experiments allow students to apply these methods to their experi-
ments.

We have also added gas chromatography-mass spectrometry (GC-MS) to the techniques
section. There are also some new experiments that utilize GC-MS, and this combined
method is described in a new section of the technique chapter on gas chromatography
(Technique 15). There is also a new appendix which outlines some of the essential aspects
of mass spectrometry (Appendix 6).

INSTRUCTOR’S MANUAL

We would like to call your attention to the Instructor’s Manual that accompanies our text-
book and is available from Saunders College Publishing or from your Saunders publisher’s
representative. The manual contains complete instructions for the preparation of reagents
and equipment for each experiment, as well as answers to each of the questions. In some
cases, additional optional experiments are included. Other comments that should prove
helpful to the instructor include the estimated time to complete each experiment—and
notes for special equipment or reagent handling. There is also a new section describing
recommended waste management guidelines. We strongly recommend that instructors ob-
tain a copy of this manual.

Saunders College Publishing may provide complimentary instructional aids and sup-
plements or supplement packages to those adopters qualified under our adoption policy.
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Please contact your sales representative for more information. If as an adopter or potential
user you receive supplements you do not need, please return them to your sales representa-
tive or send them to:

Attn: Returns Department
Troy Warchouse

465 South Lincoln Drive
Troy, MO 63379
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2 Introduction

WELCOME TO ORGANIC CHEMISTRY!

Organic chemistry can be fun, and we hope to prove it to you. The organic chemistry labo-
ratory, using microscale experiments, is also a pleasant place to work. This laboratory en-
vironment is cleaner and safer than traditional laboratories, and the level of skills that you
will develop will be higher. The personal satisfaction that comes with performing a sophis-
ticated 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 orga-
nize your time effectively before each laboratory period.

Organization of the Textbook

Consider briefly how this textbook is organized. There are four introductory chapters, of
which this Welcome is the first; a chapter on laboratory safety is second; advance prepara-
tion and laboratory records make up the third; and laboratory glassware is the fourth. Be-
yond these introductory chapters, the textbook is divided into eight parts. Part One
contains six experiments that focus on developing some important basic laboratory tech-
niques. Part Two contains nine experiments that introduce you to most of the essential
techniques of microscale organic chemistry. We recommend that you perform all or most
of the experiments in Parts One and Two. Part Three contains two experiments that intro-
duce you to the modern, computer-based techniques of molecular modeling and computa-
tional chemistry. Part Four consists of 36 experiments that may be assigned as part of your
laboratory course. Your instructor will choose a set of these experiments. Part Five is de-
voted to identifying organic compounds, and contains one experiment that provides expe-
rience in the analytical aspects of organic chemistry. Interspersed within these first five
parts of the textbook are numerous covering essays that provide background information
related to the experiments. Part Six contains three experiments intended to provide experi-
ence with important conventional-scale (macroscale) methods. These include conventional-
scale filtration, crystallization, and extraction, plus use of a separatory funnel, simple
distillation, and fractional distillation. There is also an essay that describes how to scale up
a reaction. Part Seven collects eight experiments that require you to develop important crit-
ical thinking skills. Many of these experiments have a result that is not easily predicted in
advance. To arrive at an appropriate conclusion, you will have to use many of the thought
processes that are important in research. Part Eight consists of a series of detailed instruc-
tions 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 experi-
ment. Extensive cross-referencing to the techniques chapters in Part Eight is included in
each experiment. Each experiment also contains a section called “Special Instructions,”
which lists special safety precautions and specific instructions to you the student. Finally,
each experiment contains a section entitled “Waste Disposal,” which provides instruction
on the correct way to dispose of reagents and materials used during the experiment.

The Appendices to this textbook contain sections dealing with infrared spectroscopy,
proton nuclear magnetic resonance, '>C nuclear magnetic resonance, and mass spectrome-
try. Many of the experiments included in Parts One through Seven use these spectroscopic
techniques, and your instructor may choose to add them to other experiments.

i e L i Bl L b B e
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Advance Preparation

It is essential to plan carefully for each laboratory period so you can 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 Housckeeping 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 onc
hand and a wrench in the other. In addition, you probably won’t learn much if you 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, do not hesitate to ask ques-
tions. You will learn more, however, if you figure things out on your own. Don’t rely on
others to do your thinking for you.

Read the chapter entitled “Advance Preparation and Laboratory Records” 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 ex-
periments in advance. It would also save time if, as soon as possible, you read the first six
techniques chapters in Part Eight. These techniques are basic to all experiments in this
textbook. You should also read the experiment “Introduction to Microscale Laboratory,”
on pp. 38—49. The laboratory class will begin with experiments almost immediately, and
a thorough familiarity with this particular material will save you much valuable labora-
tory time.

It is also very important to read the chapter called “Laboratory Safety.” It is your respon-
sibility to know how to perform the experiments safely and how to understand and evaluate
risks associated with laboratory experiments. Knowing what to do and what not to do in the
laboratory is of paramount importance, because the laboratory has many potential hazards.

Budgeting Time

As mentioned in the “Advance Preparation” section of this chapter, you should read sev-
eral 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 exper-
iment will help you schedule your time wisely. Often you will be doing more than one ex-
periment at a time. Experiments such as the fermentation of sugar or the chiral reduction of
ethyl acetoacetate require a few minutes of advance preparation one week ahead of the ac-
tual experiment. At other times you will have to catch up on some unfinished 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 must 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 subse-
quent experiment, you can determine these missing data using a dry sample. Through care-
ful planning you can set aside the time required to perform these miscellaneous
experimental details.

The Purpose

The main purpose of an organic laboratory course is to teach you the techniques necessary
for dealing with organic chemicals. You will learn how to handle equipment that is becom-
ing increasingly common in many laboratories. You will also learn the techniques needed



4 Introduction

for separating and purifying organic compounds. If the appropriate experiments are in-
cluded in your course, you may also learn how to identify unknown compounds. The ex-
periments themselves are only the vehicle for learning these techniques. The technique
chapters in Part Eight 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, you will also learn from this laboratory course how to

1. Work safely

Take data carefully

Record relevant observations

Use your time effectively

Assess the efficiency of your experimental method

Plan for the isolation and purification of the substance you prepare

LSRR B R U

Solve problems and think like a chemist

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 experi-
ence 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 (in drugs, foods, plastics, perfumes, and so on). Fur-
thermore, you should leave your course well-trained in organic laboratory techniques. We
are enthusiastic about our laboratory course, and hope you will be, too.

LABORATORY SAFETY

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 pointed out specific hazards in the experiments found in this text-
book. 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 reduced many dangers found
in organic laboratories; however, you still must take many precautions. Your laboratory in-
structor will advise you of 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, throwing fragments into the person’s eyes. To avoid such accidents, wear
your safety glasses at all times.
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Learn the Location of Eyewash Facilities. If there are eyewash fountains in your labo-
ratory, determine which one is nearest to you before your start to work. In case any chemi-
cal 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, working much like an eye-
wash fountain. To avoid damaging the eyes, the water flow rate should not be set too high,
and the temperature should be slightly warm.

2. Fires

Use Care with Open Flames in the Laboratory. Because an organic chemistry labora-
tory course deals with flammable organic solvents, the danger of fire is frequently pre-
sent. Because of this danger, DO NOT SMOKE IN THE LABORATORY. Furthermore, use
extreme 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 flam-
mable 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 substances 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, because 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—not flammable materials—from the con-
denser hoses and aspirators.

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 extin-
guisher, fire shower, and fire blanket are. You should learn how these safety devices are op-
erated, 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 labora-
tory 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 ex-
perienced person is not readily available, then extinguish the fire yourself with a fire extin-
guisher.

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. Re-
member also that on repeated or excessive exposure, some may be toxic or carcinogenic
(cancer causing) or both. For example, many chlorocarbon solvents, when accumulated in
the body, cause liver deterioration similar to cirrhosis caused by excessive use of ethanol.
The body does not rid itself easily of chlorocarbons nor does it detoxify them; they build
up over time and may cause illness in the future. Some chlorocarbons are also suspected
to be carcinogens. MINIMIZE YOUR EXPOSURE. Long-term exposure to benzene may
cause a form of leukemia. Don’t sniff benzene, and avoid spilling it on yourself. Many
other solvents, such as chloroform and ether, are good anesthetics and will put you to
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sleep if you breathe too much of them. They subsequently cause nauseca. Many of these
solvents have a synergistic effect with ethanol, meaning that they enhance its effect. Pyri-
dine 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 proce-
dure. Special precautions will be outlined when the use of these chemicals is required.

Minimize any direct exposure to solvents, and treat them with respect. The labora-
tory 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 con-
tainer specifically intended for waste solvents, rather than down the drain at the labora-
tory 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 poly-
ethylene 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 polyethyl-
ene gloves. Nitrile gloves offer better protection (see p. 8).

Do Not Breathe Solvent Vapors. If you want to check the odor of a substance, be care-
ful not to inhale very much of the material. The technique for smelling flowers is not ad-
visable here; you could inhale dangerous amounts of the compound. Rather, a technique
for smelling minute amounts of a substance is used. Pass a stopper or spatula moistened
with the substance (if it is a liquid) under your nose. Or hold the substance away from you
and waft the vapors toward you with your hand. But never hold your nose over the con-
tainer and inhale deeply!

The hazards associated with organic solvents you are likely to encounter in the organic
laboratory are discussed in detail beginning on page 11. If you use proper safety precau-

tions, your exposure to harmful organic vapors will be minimized and should present no
health risk.

4. Waste Disposal

Do Not Place Any Liquid or Solid Waste in Sinks; Use Appropriate Waste Contain-
ers. Many substances are toxic, flammable, and difficult to degrade; it is neither legal nor
acceptable to dispose of organic solvents or other liquid or solid reagents by pouring them
down the sink.

The appropriate disposal method for wastes is to put them in appropriately labeled
waste containers. These containers should be placed in the hoods in the laboratory. The
waste containers will be disposed of safely by qualified persons using approved protocols.

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 dis-
posal is presented here. For each experiment in this textbook, you will be instructed to dis-
pose of all wastes in one of the following ways:

Nonhazardous solids. Nonhazardous solids such as paper and cork can be placed in an
ordinary wastebasket.
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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 put in a container
specifically designated for them.

Nonhalogenated organic solvents. Organic solvents such as diethyl ether, hexane,
toluene, 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
halogenated solvents in the container designated for them.

Strong inorganic acids and bases. Strong acids such as hydrochloric, sulfuric, and ni-
tric acid will be collected in specially-marked containers. Strong bases such as sodium
hydroxide and potassium hydroxide will also be collected in specially-designated
containers.

Aqueous Solutions. Aqueous solutions will be collected in a specially marked waste
container. It is not necessary to separate each type of aqueous solution (unless it con-
tains heavy metals); rather, unless otherwise instructed, you may combine all aqueous
solutions into the same waste container. Although many types of solutions (aqueous
sodium bicarbonate, aqueous sodium chloride, and so on) may seem innocuous, and
one may believe that their disposal down the sink drain is not likely to cause harm,
nevertheless many communities are becoming increasingly restrictive about what they
will permit to enter municipal sewage-treatment systems. In light of this trend toward
greater caution, it is important to develop good laboratory habits regarding the dis-
posal of all chemicals.

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

5. Use of Flames

Even though organic solvents are frequently flammable (for example, hexane, diethyl
ether, methanol, acetone, and petroleum ether), there are certain laboratory procedures for
which a flame must 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 529. Most organic
solvents boil below 100°C, and an aluminum block, sand bath, or water bath may be used
to heat these solvents safely. Common organic solvents are listed in Table 3.1, page 529, 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 commonsense 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 flam-
mable solvents before you ignite any open flame. If someone is using a flammable solvent,
move to a safer location before you light your flame. Your laboratory should have an area set
aside for using a burner to prepare micropipets or other pieces of glassware.

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

To avoid unnecessary hazards of firc 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 bot-
tles 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.
Never work alone in the laboratory. The laboratory instructor or supervisor 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

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. Disposable gloves are inexpensive, offer good protection, and provide acceptable
“feel.” Many departmental stockrooms and college bookstores sell disposable gloves. Dis-
posable latex surgical or polyethylene gloves are the least expensive type of glove; they are
satisfactory when working with inorganic reagents and solutions. Better protection is af-
forded by disposable “nitrile” gloves. This type of glove provides good protection against
organic chemicals and solvents. Heavier nitrile gloves are also available.

Finally, you should tie back hair that is shoulder length or longer. This precaution is
especially important 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 instruc-
tor immediately.

[f any chemical enters your eyes, immediately irrigate the eyes with copious quantities of
water. Tempered (slightly warm) water, if it is available, is preferable. Be sure that the eye-
lids 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 instructed
to do otherwise. If necessary, apply pressure to the wound to stop the flow of blood.
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Minor burns caused by flames or contact with hot objects may be soothed by immedi-
ately immersing the burned area in cold water or cracked ice until you no longer feel a
burning sensation. Applying salves to burns is discouraged. Severe burns must be exam-
ined and treated by a physician.

For chemical acid or base burns, rinse the burned arca with copious quantities of water
for at least 15 minutes.

If you accidentally ingest a chemical, call the local poison control center for instruc-
tions. Do not drink anything until you have been told to do so. It is important that the ex-
amining 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 regula-
tions 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 es-
tablished 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 chem-
istry 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. How-
ever, you may want to seek additional information. Two excellent sources of information
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 an experienced
chemist. They contain a wealth of information, some of which must be decoded to under-
stand. The MSDS for methanol is shown on pages 12—16. Only the information that might
be of interest to you is described in the paragraphs that follow.

Section 1. The first part of Section 1 identifies the substance by name, formula, and var-
ious numbers and codes. Most organic compounds have more than one name. In this case,
the systematic (or [IUPAC) name is methanol, and the other names arc 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 in-
formation about a substance found in many computer databases or in the library.

Section 3. The Baker SAF-T-DATA System is found on all MSDSs and bottle labels for
chemicals 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.
Reactivity 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
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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 4. This section provides helpful information for emergency and first aid proce-
dures.

Section 6. This part of the MSDS deals with procedures for handling spills and disposal.
The information could be very helpful, particularly if a large amount of the chemical were
spilled. More information about disposal is also given in Section 13.

Section III. The odor threshold in Section III can sometimes be of use in determining
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), whereas the odor thresh-
old is 0.314 ppm. Because these levels are similar, the concentration level is near the toxic
level if you can smell chlorine gas.

Section 8. Much valuable information is found in Section 8. To help you understand 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 ex-
posed to the substance 40 hours per week, on a long-term basis. This value may not be
particularly applicable in the case of a student performing an experiment in a single lab-
oratory 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.

Section 10. The information contained in Section 10 refers to the stability of the com-
pound and the hazards associated with mixing of chemicals. This information could be im-
portant to consider before carrrying out an experiment not previously done.

Section 11. More information about the toxicity is given in this section. Another impor-
tant term must first be defined:

Lethal Dose, 50% Mortality (LDsg). 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 LDs is

Flammability
(red)

Health ‘ Reactivity
(blue) ' (yellow)

|
|




Introduction il

usually expressed in milligrams (mg) of substance per kilogram (kg) of animal weight.
The lower the value of LDs the more toxic the substance. It is assumed that the toxicity in
humans will be similar.

Without considerably more knowledge about chemical toxicity, the information in
Sections 8 and 11 is most useful for comparing the toxicity of one substance to another. For
example, the 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 LDs 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.

It 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 chem-
ical 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 16. In Section 16 is found the NFPA (National Fire Protection Association) rat-
ing. This is similar to the Baker SAF-T-DATA System (discussed in Section 1), except that
the number represents the hazards when a fire is present. The order here is Health, Flam-
mability, 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 de-
noting unusual reactivity, hazards, or special precautions to be taken.

Bottle Labels

Reading the label 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 sup-
plied the chemical.

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 se-
rious adverse health effects.” Despite the apparent severity of this cautionary statement, it
would not be reasonable to expect people to stop using sodium chloride in a chemistry ex-
periment 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 chemicais
are somewhat overstated, particularly for students using these chemicals to perform a mi-
croscale 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.

Text continues on page 17
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MSDS Number: M2015

Effective Dale: 12/8/96

24 Hour Emergency Telephone: 908-859-2151
CHEMTREC: 1-800-424-9300

A //fS'D‘C rMateriaI Safety Data Sheet /'
: J

From: Mallinckrodt Baker, Inc.

ALLINCKRODT

222 Red School Lane
Phillipsburg, NJ 08865

JIBaker

National Response in Canada
CANUTEC: 613-996-6666

Outside U.S. and Canada
Chemtrec: 202483-7616

NOTE: CHEMTREC, CANUTEC and National
Response Center emergency numbers to be
used only in the event of chemical
emergencies involving a spill, leak, fire,
exposure or accident involving chemicals.

All non-emergency questions should be directed to Customer Service (1-800-582-2537) for assistance.

METHYL ALCOHOL

1. Product Identification

Synonyms:

CAS No:
Molecular Weight:
Chemical Formula:
Product Codes:

Wood alcohol; methanol; carbinol
67-56-1

32.04

CH30OH

J.T. Baker:

5217, 5370, 5794, 5807, 5811, 5842, 5869, 9049, 9063, 9066, 9067, 9069, 9070, 9071,
9073, 9075, 9076, 9077, 9091, 9093, 9096, 9097, 9098, 9263, 9893

Mallinckrodt:

3004, 3006, 3016, 3017, 3018, 3024, 3041, 3701, 4295, 5160, 8814, H080, H488, H603,

V079, V571

2. Composition/Information on Ingredients

Ingredient
Methyl Alcohol

CAS No.
67-56-1

Percent
100% Yes

Hazardous

3. Hazards ldentification

Emergency Overview

POISON! DANGER! VAPOR HARMFUL. MAY BE FATAL OR CAUSE BLINDNESS IF SWALLOWED.
HARMFUL IF INHALED OR ABSORBED THROUGH SKIN. CANNOT BE MADE NONPOISONOUS.
FLAMMABLE LIQUID AND VAPOR. CAUSES IRRITATION TO SKIN, EYES AND RESPIRATORY TRACT.
AFFECTS THE LIVER.

J.T. Baker SAF-T-DATA(tm) Ratings

(Provided here for your convenience)

Health:
3 - Severe (Poison)

Lab Protection Equip:

Storage Color Code:

Flammability:
4 - Extreme (Flammable)

CLASS B EXTINGUISHER
Red (Flammable)

Reactivity:
1 - Slight
GOGGLES & SHIELD; LAB COAT & APRON; VENT HOOD; PROPER GLOVES;

Contact:
1 - Slight
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Potential Health Effects

Inhalation:

A slight irritant to the mucous membranes. Toxic effects exerted upon nervous system, particularly the optic
nerve. Once absorbed into the body, itis very slowly eliminated. Symptoms of overexposure may include
headache, drowsiness, nausea, vomiting, blurred vision, blindness, coma, and death. A person may get better
but then worse again up to 30 hours later.

Ingestion:

Toxic. Symptoms parallel inhalation. Can intoxicate and cause blindness. Usual fatal dose: 100-125 milliliters.
Skin Contact:

Methyl alcohol is a defatting agent and may cause skin to become dry and cracked. Skin absorption can occur;
symptoms may parallel inhalation exposure.

Eye Contact:

Irritant. Continued exposure may cause eye lesions.

Chronic Exposure:

Marked impairment of vision and enlargement of the liver has been reported. Repeated or prolonged exposure
may cause skin irritation.

Aggravation of Pre-existing Conditions:

Persons with pre-existing skin disorders or eye problems or impaired liver or kidney function may be more
susceptible to the effects of the substance.

First Aid Measures

Inhalation:

Remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Call a
physician.

Ingestion:

Induce vomiting immediately as directed by medical personnel. Never give anything by mouth to an
unconscious person.

Skin Contact:

Remove any contaminated clothing. Wash skin with soap or mild detergent and water for at least 15 minutes.
Get medical attention if irritation develops or persists.

Eye Contact:

Immediately flush eyes with plenty of water for at least 15 minutes, lifting lower and upper eyelids occasionally.
Get medical attention immediately.

Fire Fighting Measures

Fire:

Flash point: 12°C (54°F) CC

Autoignition temperature: 464°C (867°F)

Flammable limits in air % by volume:

lel: 7.3; uel: 36

Flammable.

Explosion:

Above flash point, vapor-air mixtures are explosive within flammable limits noted above. Moderate explosion
hazard and dangerous fire hazard when exposed to heat, sparks or flames. Sensitive to static discharge.
Fire Extinguishing Media:

Water spray, dry chemical, alcohol foam, or carbon dioxide.

Special Information:

In the event of a fire, wear full protective clothing and NIOSH-approved self-contained breathing apparatus
with full facepiece operated in the pressure demand or other positive pressure mode. Use water spray to
blanket fire, cool fire exposed containers, and to flush non-ignited spills or vapors away from fire. Vapors can
flow along surfaces to distant ignition source and flash back.
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6. Accidental Release Measures
Ventilate area of leak or spill. Remove all sources of ignition. Wear appropriate personal protective equipment
as specified in Section 8. Isolate hazard area. Keep unnecessary and unprotected personnel from entering.
Contain and recover liquid when possible. Use non-sparking tools and equipment. Collect liquid in an
appropriate container or absorb with an inert material (e. g., vermiculite, dry sand, earth), and place in a
chemical waste container. Do not use combustible materials, such as saw dust. Do not flush fo sewer!
J. T. Baker SOLUSORB® solvent adsorbent is recommended for spills of this product.

7. Handling and Storage
Protect against physical damage. Store in a cool, dry well-ventilated location, away from any area where the
fire hazard may be acute. Outside or detached storage is preferred. Separate from incompatibles. Containers
should be bonded and grounded for transfers to avoid static sparks. Storage and use areas should be No
Smoking areas. Use non-sparking type tools and equipment, including explosion proof ventilation. Containers
of this material may be hazardous when empty since they retain product residues (vapors, liquid); observe all
warnings and precautions listed for the product.

8. Exposure Controls/Personal Protection
Airborne Exposure Limits:
For Methyl Alcohol:
- OSHA Permissible Exposure Limit (PEL):

200 ppm (TWA)
- ACGIH Threshold Limit Value (TLV):
200 ppm (TWA), 250 ppm (STEL) skin

Ventilation System:
A system of local and/or general exhaust is recommended to keep employee exposures below the Airborne
Exposure Limits. Local exhaust ventilation is generally preferred because it can control the emissions of the
contaminant at its source, preventing dispersion of it into the general work area. Please refer to the ACGIH
document, “Industrial Ventilation, A Manual of Recommended Practices”, most recent edition, for details.
Personal Respirator (NIOSH Approved)
If the exposure limit is exceeded, wear a supplied air, full-facepiece respirator, airlined hood, or full-facepiece
self-contained breathing apparatus.
Skin Protection:
Rubber or neoprene gloves and additional protection including impervious boots, apron, or coveralls, as
needed in areas of unusual exposure.
Eye Protection:
Use chemical safety goggles. Maintain eye wash fountain and quick-drench facilities in work area.

9. Physical and Chemical Properties

Appearance: Boiling Point:

Clear, colorless liquid. 64.5°C (147°F)

Odor: Melting Point:

Characteristic odor. -98°C (-144°F)

Solubility: Vapor Density (Air=1):
Miscible in water. 1.1

Specific Gravity: Vapor Pressure (mm Hg):
0.8 97 @ 20°C (68°F)

pH: Evaporation Rate (BuAc=1):
No information found. 5.9

% Volatiles by volume @ 21°C (70°F):
100
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10. Stability and Reactivity
Stability:
Stable under ordinary conditions of use and storage.
Hazardous Decomposition Products:
May form carbon dioxide, carbon monoxide, and formaldehyde when heated to decomposition.
Hazardous Polymerization:
Will not occur.
Incompatabilities:
Strong oxidizing agents such as nitrates, perchiorates or sulfuric acid. Will attack some forms of plastics,
rubber, and coatings. May react with metallic aluminum and generate hydrogen gas.
Conditions to Avoid:
Heat, flames, ignition sources and incompatibles.

11. Toxicological Information
Methy! Aicohol (Methanol) Oral rat LD50: 5628 mg/kg; inhalation rat LC50: 64000 ppm/4H; skin rabbit LD50:
15800 mg/kg; Irntation data-standard Draize test: skin, rabbit: 20mg/24 hr. Moderate; eye, rabbit: 100 mg/24
hr. Moderate; Investigated as a mutagen, reproductive effector.
———fCanceriists

—NTP Carcinogen—

ingredient Known Anticipated IARC Category
Methy! Aicohol (67-56-1) No No None

12. Ecological Information
Environmental Fate:
When released into the soil, this material is expected to readily biodegrade. When released into the soil, this
material is expected to leach into groundwater. When released into the soil, this matenal is expected to quickly
evaporate. When released into the water, this matenal is expected to have a half-life between 1 and 10 days.
When released into water, this material is expected to readily biodegrade. When released into the air, this
material is expected to exist in the aerosol phase with a short half-life. When released into the air, this matenal
is expected to be readily degraded by reaction with photochemically produced hydroxyl radicals. When
released into air, this material is expected to have a half-life between 10 and 30 days. When released into the
air, this material is expected to be readily removed from the atmosphere by wet deposition.
Environmental Toxicity:
This material is expected to be slightly toxic to aquatic life.

13. Disposal Considerations
Whatever cannot be saved for recovery or recycling should be handled as hazardous waste and sent to a
RCRA approved incinerator or disposed in a RCRA approved waste facility. Processing, use or contamination
of this product may change the waste management options. State and local disposal regulations may differ
from federal disposal regulations.
Dispose of container and unused contents in accordance with federal, state and local requirements.

14. Transport Information

Domestic (Land, D.O.T.)
Proper Shipping Name: METHANOL
Hazard Class: 8
UN/NA: UN1230 Packing Group: i
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Information reported for product/size: 350LB
International (Water, I.M.O.)
Proper Shipping Name: METHANOL
Hazard Class: 3.2,6.1
UN/NA: UN1230 Packing Group: ]
Information reported for product/size: 350LB
15. Regulatory Information
—-{Chemlcal Inventory Status »
~Canada—
Ingredlent TSCA EC Japan Australla Korea DSL NDSL Phil.
Methyl Alcohol (67-56-1) Yes Yes Yes Yes Yes Yes No Yes
——-—{FecEaT, State & International Regulations }
—~SARA 302— ———SARA 313 -RCRA- -TSCA-
Ingredient RQ TPQ List Chemical Catg. CERCLA 261.33 8(d)
Methyl Alcohol (67-56-1) No No Yes No 5000 U154 No
Chemical Weapons Convention: No TSCA 12(b): No CDTA: No
SARA 311/312: Acute: Yes Chronic: Yes Fire: Yes Pressure: No Reactivity: No (Pure / Liquid)
Australian Hazchem Code: 2PE Australian Poison Schedule: S6
WHMIS: This MSDS has been prepared according to the hazard criteria of the Controlled Products
Regulations (CPR) and the MSDS contains all of the information required by the CPR.
16. Other Information

NFPA Ratings:

Health: 1 Flammability: 3 Reactivity: 0

Label Hazard Warning:

POISON! DANGER! VAPOR HARMFUL. MAY BE FATAL OR CAUSE BLINDNESS IF SWALLOWED.
HARMFUL IF INHALED OR ABSORBED THROUGH SKIN. CANNOT BE MADE NONPOISONOUS.
FLAMMABLE LIQUID AND VAPOR. CAUSES IRRITATION TO SKIN, EYES AND RESPIRATORY TRACT.
AFFECTS THE LIVER.

Label Precautions:

Keep away from heat, sparks and flame.

Keep container closed.

Use only with adequate ventilation.

Wash thoroughly after handling.

Avoid breathing vapor.

Avoid contact with eyes, skin and clothing.

Label First Aid:

If swallowed, induce vomiting immediately as directed by medical personnel. Never give anything by mouth to
an unconscious person. In case of contact, immediately flush eyes or skin with plenty of water for at least 15
minutes while removing contaminated clothing and shoes. Wash clothing before reuse. If inhaled, remove to
fresh air. If not breathing give artificial respiration. If breathing is difficult, give oxygen. In all cases get medical
attention immediately.

Product Use:

Laboratory Reagent.

Revision Information:

New 16 section MSDS format, all sections have been revised.
Disclaimer:

Mallinckrodt Baker, Inc. provides the information contained herein in good faith but makes no representation as
to its comprehensiveness or accuracy. This document is intended only as a guide to the appropriate
precautionary handling of the material by a properly trained person using this product. Individuals receiving the
information must exercise their independent judgment in determining its appropriateness for a particular
purpose. MALLINCKRODT BAKER, INC. MAKES NO REPRESENTATIONS OR WARRANTIES, EITHER
EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION ANY WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO THE INFORMATION SET FORTH HEREIN
OR THE PRODUCT TO WHICH THE INFORMATION REFERS. ACCORDINGLY, MALLINCKRODT BAKER,
INC. WILL NOT BE RESPONSIBLE FOR DAMAGES RESULTING FROM USE OF OR RELIANCE UPON
THIS INFORMATION.

Prepared By: Strategic Services Division
Phone Number: (314) 539-1600 (U.S.A.)
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Acetone. Relative to other organic solvents, acctone is not very toxic. It is flammable,
however. Do not use near open flames.

Benzene. Benzene can damage bone marrow; it causes various blood disorders, and its
effects may lead to leukemia. Benzene is considered a serious carcinogenic hazard. Ben-
zene 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, benzenc
should not be used in the laboratory; you should use some less dangerous solvent instcad.
In this textbook, no experiments call for benzene. Toluene is considered a safer altcrnative
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 extin-
guisher), 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 prepar-
ing samples for infrared (IR) and nuclear magnetic resonance (NMR) spectroscopy. 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. Occasionally 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 procedures that spec-
ify 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 flame. 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 sol-
vent. It is now suspected, however, of being carcinogenic. It is also toxic, affecting the cen-
tral 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. Be-
cause 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 al-
ternative solvent.

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

Diethyl Ether (ether). The principle hazard associated with diethyl either is fire or
explosion. Ether is probably the most flammable solvent one is likely to find in the
laboratory. Because ether vapors are much more dense than air, they may travel along a
laboratory bench for a considerable distance from their source before being ignited. Before
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
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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. Consequently,
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 flamma-
ble nature. The precautions recommended for using 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 methanol.
Methanol is more toxic than ethanol; ingestion can cause blindness and even death. Be-
cause 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 car-
cinogenic 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 chloro-
form 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.

Pyridine. Some fire hazard is associated with pyridine. However, the most serious haz-
ard arises from its toxicity. Pyridine may depress the central nervous system; irritate the
skin and respiratory tract; damage the liver, kidneys, and gastrointestinal system; and even
cause 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 respira-
tory tract. It should never be distilled to dryness, because it tends to form potentially ex-
plosive 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 damage the central nervous system. If
benzene is present as an impurity in toluene, expect the usual hazards associated with ben-
zene. 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. When it is necessary to use one of these
solvents, safety precautions are recommended, or refer to the discussion in Technique 19.

Because relatively large amounts of solvents may be used in a large organic laboratory
class, your laboratory supervisor must take care to store these substances safely. Only the
amount of solvent needed for a particular experiment should be kept in the laboratory. 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 ventilated into the fume hood system.
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Carcinogenic Substances

A carcinogenic substance is one that causes cancer in living tissue. In determining
whether a substance is carcinogenic, the normal procedure is to expose laboratory animals
to high dosages over a long period. It is not clear whether short-term exposure to these
chemicals carries a comparable risk, but it is prudent to use these substances with special
precautions. There are only a few experiments in this book that call for a carcinogenic sub-
stance. We clearly indicate when this occurs and outline special precautions. If you follow
all safety precautions given in this textbook for handling such substances, your exposure
will be minimal.

Many regulatory agencies have compiled lists of carcinogenic substances or sub-
stances suspected of being carcinogenic. Because these lists are inconsistent, compiling a
definitive list of carcinogenic substances is difficult. The accompanying table includes
common substances that are found in many of these lists.

Acetamide 4-Methyl-2-oxetanone (3-butyrolactone)
Acrylonitrile 1-Naphthylamine
Asbestos 2-Naphthylamine
Benzene N-Nitroso compounds
Benzidine 2-Oxetanone (fB-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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USEFUL SAFETY-RELATED INTERNET ADDRESSES

Enviro-Net site: http://www.enviro-net.com/technical/msds (This site mirrors the University of Utah site
in this list, and it has a user-friendly interface.)

Fisher Scientific, Inc., site: http://www.fisherl.com (This site provides information about each chemical
in the Fisher Scientific catalogue, include MSDS sheets for each chemical.)

Northwest Fisheries site: http://research.nwfsc.noaa.gov/msds.html

Oregon State University gopher site: gopher://gaia.ucs.orst.edu:70/11/osu+i+s/osu+d+o/ehs (Using this
site may be slightly cumbersome, but it provides lots of information.)

Text-Trieve Internet Services site: http://halcyon.com/ttrieve/msdshome.html (This site provides useful
links to other Internet sites that specialize in chemical safety information.)

University of Utah MSDS site: http://atlas.chem.utah.edu:70/11/MSDS

ADVANCE PREPARATION AND LABORATORY RECORDS

In the “Welcome to Organic Chemistry” chapter of this book, we mentioned the impor-
tance of advance preparation for laboratory work. Presented here are some suggestions
about what specific information you should try to obtain in your advance studying. Be-
cause much of this information must be obtained while preparing your laboratory note-
book, the two subjects, advance study and notebook preparation, are developed
simultaneously.

An important part of any laboratory experience is learning to maintain very com-
plete 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 must be used in large excess, to increase the amount of product. Some
reagents are expensive, and, therefore, care must be used in measuring the amounts of
these substances. Very often, many more reactions take place than you desire. These extra
reactions, 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.
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The Notebook

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

All data and observations must be recorded in the notebook. Paper towels, napkins,
toilet tissue, or scratch paper tend 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 infor-
mation disappear from the notebook because it was recorded in washable 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, the book will probably 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 quickly from the material
recorded in the laboratory notebook.

Notebook Format
Advance Preparation

Individual instructors vary greatly in the type of notebook format they prefer; such varia-
tion stems from differences in philosophies and experience. You must obtain specific direc-
tions from your own instructor for preparing a notebook. Certain features, however, are
common to most notebook formats. The following discussion presents what might be in-
cluded 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 reac-
tions, the potential side reactions, the mechanism, the stoichiometry, and the procedure be-
fore 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 effi-
ciently. 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 ef-
ficiently 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,
preparative experiments—it is essential to know the main reaction. To perform stoichio-
metric calculations, the equation for the main reaction should be balanced. Therefore, be-
fore 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
12), as an example, you should write,

T T 7 T
CH;C—OH + CH;CHCH,CH,—OH —» CH;C—0—-CH,>CH,CHCH; + H,O
Acetic acid Isopentyl alcohol Isopentyl acetate

Also enter in the notebook the possible side reactions that divert reagents into contam-
inants (side products), before beginning the experiment. You will have to separate these
side products from the major product during purification.
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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 experi-
ment 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 ex-
periments in this textbook, some of this information is given within the experimental pro-
cedure. Write physical constants required for an experiment in your notebook before you
come to class.

Advance preparation may also include examining some subjects, information not nec-
essarily recorded in the notebook, that should prove useful in understanding the experi-
ment. Included among these subjects are an understanding of the mechanism of the
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 out-
line 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 sepa-
ration 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 ex-
perimental procedure. This not only will familiarize you with the basic separation and pu-
rification techniques used in organic chemistry but also will help you understand when to

i i 2
CH;COCH,CH,CHCH;
$H3 CO,
CH;CHCH,CH,OH Extract 3X Organic 0] CH;
“ with NaHCO, layer |
» CH;COCH,CH,CHCH; | T
NaHCO,
I layer H,O (some)
CH;COH
CH Add
H,0 [ Na,SO,
' CH;CHCH,CH,0H
H,SO4
Na,SO, - nH,O +——| Remove with
[ Pasteur pipet
CH3CO™Na* v
CH;
H,0 | .
CH;COCH,CH,CHCHj3 (impure)
S04
¢ Distill
i CH;
CH3;COCH,CH,CHCH;
pure

Separation scheme for isopentyl acetate.

R E——
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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 understanding the separa-
tion 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 re-
search, 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 represented
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 pre-
pared from other reagents, some information described in this section will not be applica-
ble. Such experiments are called isolation experiments. A typical isolation experiment
involves isolating a pure compound from a natural source. Some examples include isolat-
ing caffeine from tea or isolating cinnamaldehyde from cinnamon. Although isolation ex-
periments require somewhat different advance preparation, this advance study may include
looking up physical constants for the compound isolated and outlining the isolation proce-
dure. 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, keep your notebook nearby so you will be able to
record those operations you perform. When you are working in the laboratory, the note-
book serves as a place where a rough transcript of your experimental method is recorded.
Data from actual weighings, volume measurements, and determinations of physical con-
stants 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 record what you did and what you
observed. These observations will help you write reports without resorting to memory.
They will also help you or other workers 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 ex-
periment, 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 writ-
ten on the assumption of simple ideal stoichiometry. Actually, this assumption is seldom
realized. Side reactions or competing reactions will also occur, giving other products. 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 reac-
tion 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 vari-
ous reactions is of interest to the person contemplating the use of these reactions.

The quantitative expression for the efficiency of a reaction is found by calculating
the yield for the reaction. The theoretical yield is the number of grams of the product

Text continues on page 26
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THE PREPARATION OF |SOPENTYL ACETATE (BANANA OiL)

MAIN REACTION

o CH, 0 CHqy
" | o+ | {
CH3COH  + CHyCHCH,CH,0H —> CH3COCHaCHyCHCHy + H,0
ACETIC ACID {SOPENTYL ALCOHOL {SOPENTYL ACETATE
TABLE OF PHYsicAL CONSTANTS MW  Bp DENSITY
ISOPENTYL ALCOHOL 88.2 | 132°C| 0.813 g/mL
AceTIC AciD 60.1 118 1.06
ISOPENTYL RACETATE 130.2 | %2 |o0.%876

SEPARATION SCHEME

A
CH3COCHaCHaCHCH, CO2
CHj
- ([_ o EXTRACT 3X ORGANIC 0 clH;
HCH
3 aCHa WITH NaHCOs I.AYE.RA7 CH3COCH2CHLCHCHs
o \W
" NaHCO3 HaO (somE)
CH3 COH LAYER
H,0
Has CHs NQADS%
o ]
25 # CH3CHCHaCHaOH g y
N Na 2504 ® nH,0
CHsCO Na REMOVE WITH
PASTEUR PIPET
HaP v
504" o CHy
1
CH3COCHaCH2CHCHa (IMPURE)
l DISTILL
0 fllHa
i
CH3COCH2CH,CHCH
PURE

DATA AnD OBSERVATIONS

O.70mL OF (SOPENTYL ACETATE WAS ADDED TO A PRE WEIGHED
S-mL CONICAL YIAL:

VIAL + ALCOHOL 25.524 4

VIAL 24.9554
0.5699 (SOPENTYL ALCOHOL

ACETIC ACID (1.4 mL) AND THREE DROPS OF CONCENTRATED H, SO« (USING A PASTEUR
PIPET) WERE ALSO ADDED TO THE CONICAL VIAL ALONG WITH A SMALL BOILING 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 1557) FoR 7S5 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% NaHCO3. THE BOTTOM AQUEOUS LAYER WAS RENMOVED AND DISCARDED
AFTER BEACH 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 Na;SOs WERE APDED TO DRY THE CRUDE
PROOUCT. IT WAS ALLOWED TO SET WITH OCCASIONAL STIRRING FoR |0 MINS.

THE DRY PRODUCT WAS TRANSFERRED TO A 3-mL CoNICAL VIAL AND A BOILING STONE WAS
ADDED. A DISTILLATION APPARATUS USING A HICKMAN STILL, A WATER-COOLED CONDENSER,
AND A DRYING TuBE PACKED WITH CaCly WAS ASSEMBLED. THE SAMPLE WAS HEATED IN AN
ALUMINUM BLOCK AT ABOUT [130°C. THE LIQUID BEGAN BoILING AFTER ABour FIVE MINS,
BUT NO DISTILLATE APPEARED IN THE HICKMAN STILL UNTIL ABOLY 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 REMAIMED IN THE DISTILLING VIAL.
THE ISOPENTYL ACETATE WAS TRANSFERRED TO A PRE-WEIGHED 3-ml. CONICAL VIAL.

VIAL + PRoDUCT 204284
VIAL  20.074g
O.354y ISOPENTYL ACETATE

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

CALCULATIONS
DETERMINE LIMITING REAGENT:

ISOPENTYL ALCOHOL 0.56?,9,(1 MOL ISOPENTYL ALC°”°'->= 645 x 1073 MoL

88.2g-
ACETIC ACID 1.40 (toeq) (1 MOL ACETIC ACID). 2 47 x 10" MOL
o 7{.7 60.1'9/ /

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

THEORETICAL YIELD=

e LT ( m ( 130.24 ISOPENTYL ACETATE)
1¥01 (SORGNTAMETHTE

= 0.84+0q ISOPENTYL ACETATE

P v 9-35%9 L 100 19
ERCENTAGE YIELD = o—0r X 100 = 42.1%

A sample notebook, page 2.
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expected from the reaction on the basis of ideal stoichiometry, with side reactions, re-
versibility, and losses ignored. To calculate the theoretical yield, it is first necessary to de-
termine 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 24-25. 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 preparing
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 per-
centage yield describes the efficiency of the reaction and is determined by

actual yield 100

P t ield =
= theoretical yield

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

. . o ] 1 melisepentylacetate
Theoretical yield = (6.45 x 10~ mol-isepentytatcotiol) ( ol FEm——

130.2 gi tyl acetat
X ( ( ] ]g.lSOan y] dERic15) ) =(.840 g isopentyl acetate

Actual yield = 0.354 g isopentyl acetate

. 0354 g
Percentage yield = 0.840 g x 100 =42.1%

For experiments that have the principal objective of isolating a substance such as a nat-
ural product, rather than preparing and purifying some reaction product, the weight per-
centage recovery and not the percentage yield is calculated. This value is determined by

weight of substance isolated
weight of original material

Weight percentage recovery = x 100

Thus, for instance, if 0.014 g of caffeine were obtained from 2.3 g of tea, the weight per-
centage recovery of caffeine would be

0.014 g caffeine
2.3 gtea

Weight percentage recovery = x100=0.61%

Laboratory Reports

Various formats for reporting the results of the laboratory experiments may be used. You
may write the report directly in your notebook in a format similar to the sample notebook
pages included in this section. Alternatively, your instructor may require a more formal re-
port that you write separately from your notebook. When you do original research, these
reports should include a detailed description of all the experimental steps undertaken. Fre-
quently, 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.
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Submission of Samples

In all preparative experiments, and in some 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 im-
portantly, 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 substance
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. 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 contact the plastic and dissolve some of it, thus contaminating the sub-
stance 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

LABORATORY GLASSWARE

Because 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 pre-
sented here, you may be able to avoid some unnecessary expense. You may also save time,
because cleaning problems and replacing broken glassware are time-consuming.

For those of you who are unfamiliar with the equipment found in an organic laboratory
or who are uncertain about how such equipment should be treated, this section provides
some useful information. It includes topics such as cleaning glassware, caring for glass-
ware when using corrosive or caustic reagents, and assembling components from your or-
ganic laboratory kit. 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, organic tarry materials left in a container begin to at-
tack 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 can’t wash your glassware imme-
diately after use, soak the dirty pieces in soapy water. A half-gallon plastic container is
convenient for soaking and washing glassware. Using a plastic container also helps pre-
vent 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, because the residue
remaining in dirty glassware is likely to be soluble in some organic solvent. After the
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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 glassware, usc
caution, because the solvents are hazardous (see the section entitled “Laboratory Safety”).
Use fairly small amounts of a solvent for cleaning purposes. Usually 1-2 mL will be suffi-
cient. Acetone is commonly used, but it is expensive. Your wash acetone can be used ef-
fectively several times before it is “spent.” Once your acetone is spent, dispose of it as your
instructor directs. If acetone does not work, other organic solvents such as methylene chlo-
ride or toluene can be used.

CAUTION: Acetone is very flammable. Do not use it around flames.

For troublesome stains and residues that adhere to the glass despite your best efforts,
use a mixture of sulfuric acid and nitric acid. Cautiously add about 20 drops of concen-
trated sulfuric acid and 5 drops of concentrated nitric acid to the flask or vial.

CAUTION: You must wear safety glasses when you are using this cleaning solu-
tion. Do not let the solution come in 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 residue in the container.

Swirl the acid mixture in the container for a few minutes. If necessary, place the glass-
ware 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, de-
cant the mixture into an appropriate waste container.

CAUTION: Do not pour the acid solution into a waste container 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 treat-
ment 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 let it stand overnight. Store conical vials, flasks, and
beakers 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 ace-
tone 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. 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 in-
dicate if you should do this.) Before drying the glassware with air, make sure that the air
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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 glasswarc with a
wide-open stream of air; a gentle stream of air is just as cffective and will not startle other
people in the room.

Do 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 ex-
ample, 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 mi-
croscale 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 ad-
vantage 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 the same joint size
to be connected, thus permitting the assembly of a wide variety of apparatus. One disad-
vantage 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 out-
side surface of the outer joints (see top of air condenser in figure). The threaded joint al-
lows 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 glass-
ware, followed by a rubber O-ring (see figure). 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

14 mm
Outer : 10 mm
Air
condenser
Inner \ - 10 mm
14 mm

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

excessive force to attach the entire apparatus firmly together. The O-ring provides an addi-
tional 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 parti-
cles 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 assembling.

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 pro-
cedure is completed. Even when this precaution is followed, ground-glass joints may be-
come stuck tightly together. The same is true of glass stoppers in bottles or conical vials.
Because 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 ad-
vise you. As a last resort, you may try heating the joint in a flame. You should not try this

|
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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 carefully,
or it may break.

Etching Glassware

Glassware that has been used for reactions involving strong bases such as sodium hydrox-
ide 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 perma-
nently. The etching makes later cleaning more difficult, because dirt particles may become
trapped within the microscopic surface irregularities of the etched glass. Furthermore, the
glass is weakened, so the lifetime of the glassware is shortened. If caustic materials are al-
lowed to come into contact with ground-glass joints without being removed promptly, the
joints will become fused or “frozen.” It is extremely difficult to separate fused joints with-
out breaking them.

Assembling the Apparatus

Care must be taken when assembling the glass components into the desired apparatus. Al-
ways remember that Newtonian physics applies to chemical apparatus, and unsecured
pieces of glassware are certain to respond to gravity. You should always clamp the glass-
ware 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 screw caps used to join two pieces of glassware together can also be used to
cap conical vials (see figure 3 on page 41) 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 that 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, first lubricate the rubber tubing or the rubber stopper with either water or
glycerin. 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 tub-
ing 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 contaminate the reaction. Glycerin
is a better lubricant than water and should be used when there is considerable friction be-
tween the glass and rubber. If glycerin is the lubricant, be careful not to use too much.
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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 ad-
dition, there are microscale kits containing glassware that is connected without the use of
ground-glass joints. The experiments in this book can also be performed with these glass-
ware kits. Modifications with organic kits not containing the recommended glassware are
discussed in the Technique chapters and in some of the experiments.

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 pp. 33-36. '
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Experiment 1

Introduction to Microscale Laboratory

This textbook discusses the important laboratory techniques of organic chemistry and il-
lustrates many important reactions and concepts. In the traditional approach to teaching
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 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 25 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 con-
fined to courses in analytical chemistry.

This experiment introduces the equipment and shows how to construct some of the
apparatus needed to carry out further experiments. Detailed discussion of how to assem-
ble apparatus and how to practice the techniques is found in Part Eight (“The Tech-
niques”) of this textbook. This experiment provides only a brief introduction, sufficient to
allow you to begin working. You will need to read the techniques chapters for more com-
plete discussions.

Microscale organic experiments require you to develop careful laboratory techniques
and to become familiar with apparatus that is somewhat unusual, compared with tradi-
tional glassware. We strongly recommend that each student do Laboratory Exercises 1 and
2. These exercises will acquaint you with the most basic microscale techniques. To provide
a strong foundation, we further recommend that each student complete most of Experi-
ments 2 through 15 in Parts One and Two of this textbook before attempting any other
experiments in the textbook.

Read: “Welcome to Organic Chemistry,” pp. 2—4.
“Laboratory Safety,” pp. 4-19. '

Heating Methods

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 monitored.
The aluminum block is heated by placing it on a hot plate. An aluminum block is shown in
Figure 1. Although many aluminum blocks have a hole provided for a mercury thermome-
ter, this practice is not reccommended.

CAUTION: You should not use a mercury thermometer with an aluminum block.
If it breaks, the mercury will vaporize on the hot surface. Instead, use a non-mer-
cury thermometer, a metal dial thermometer, or a digital electronic temperature-
measuring device. See page 524.
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Figure 1. Aluminum block with hot plate and thermometer.

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 monitored 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.

We recommend that an aluminum block, rather than a sand bath, be used as a heating
source whenever possible. The aluminum block can be heated and cooled quickly, it is in-
destructible, and there are no problems with spillage of sand.

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 usefui to cover
the top of the beaker with aluminum foil to diminish this problem.
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Figure 2. Sand bath with hot plate and thermometer.

Conical Reaction Vials

One of the most versatile pieces of glassware contained in the microscale organic glass-
ware kit is the conical reaction vial. This vial is used as a vessel in which organic reac-
tions 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.

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 fas-
ten pieces of glassware together. The cap and its Teflon insert are shown in the expanded
view in Figure 3.
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Figure 3. A conical reaction vial. (The inset shows an expanded view of the cap with its
Teflon insert.)

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 screw cap to attach the entire apparatus firmly to-
gether. The assembly is illustrated in Figure 4.

Plastic cap

- Rubber O-ring
Inner
ground-glass
joint

Outer
ground-glass
joint

) Threaded
\ top

—+—— Conical
vial

Figure 4. Assembling glassware components.
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The 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 tem-
perature, strain building up within the glass walls of the vial may cause the glass to crack.
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: 1t 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 pre-
vent 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, the tare button, that al-
lows 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.

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

A. Top-loading balance B. Analytical balance

Figure 5. Laboratory balances.
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Measurement of Liquids

In microscale experiments, liquid samples are measured using a pipet. When small quanti-
ties 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, auto-
matic pipets and graduated pipets. When accurate quantities of liquid reagents are re-
quired, 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 to the manufacturer.
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 L (0.010 to 0.100 mL) or from 100 to 1000 puL (0.100 to 1.000 mL).

Automatic pipets must never be dipped directly into the liquid sample without a plas-
tic 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 auto-
matic 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 illus-
trated in Figure 6.

1. Select the desired volume by adjusting the micrometer control on the pipet handle.
2. Place a plastic tip on the pipet. Be certain that that tip is attached securely.

3. Push the plunger down to the first detent position. Do not press the plunger to the sec-
ond 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. It is best to dip the tip only to a depth of about 1 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 filled.

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 ranger 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.
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Figure 6. Use of an automatic pipet.

Automatic pipets are designed to deliver aqueous solutions with an accuracy of within a
few percentage points. The amount of liquid actually dispensed varies, however, depending
on 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 catalogs offer a series of dispensing pumps.
These pumps are very useful in a microscale organic laboratory, because they are simple to
operate, easy to clean, chemically inert, and quite accurate. The interior parts of 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 solutions
with an accuracy of within a few percentage points. The amount of liquid actually dis-
pensed will vary, however, depending on the viscosity, surface tension, and vapor pressure
of the liquid. You should always weigh the liquid to determine the amount accurately.
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Figure 7. Use of a dispensing pump.

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. Because 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.

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. Lig-
uid 1s 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 i1s 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 lig-
uids are required, the best technique is to weigh the reagent that has been delivered from
the pipet.

This technique was described in Deckey, G. “A Versatile and Inexpensive Pipet Bulb.” Journal of Chemical Educa-
tion, 57 (July 1980): 526.
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Laboratory Exercise 1

Option A, Automatic Pipet.

Accurately weigh a 3-mL conical vial, with screw cap and Teflon insert, on a balance. Determine
its weight to the nearest milligram (nearest 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 ex-
cess 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 litera-
ture values that you may have noticed. At room temperature, the density of water is 0.997 g/mL,
and the density of hexane is 0.660 g/mL.

Option B, Dispensing Pump.

Accurately weigh a 3-mL conical vial, with screw cap and Teflon insert, on a balance. Determine
its weight to the nearest milligram (nearest 0.001 g). Using a dispensing pump that has been ad-
justed 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 ex-
cess 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 litera-
ture values that you may have noticed. See Option A for the density of water and of hexane.

Option C, Graduated Pipet.

Accurately weigh a 3-mL conical vial, with screw cap and Teflon insert, on a balance. Determine
its weight to the nearest milligram (nearest 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. De-
termine the weight of water dispensed. Calculate the density of water from your results. Repeat
the experiment 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 8. 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 2

On a balance, weigh 0.5 grams (0.5 mL) of water into a 3-mL conical vial. Select a short
(5%-inch) Pasteur pipet and attach a rubber bulb. Squeeze the rubber bulb before 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
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Figure 8. Disposable Pasteur pipets.

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 cali-
brated in Laboratory Exercise 2 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.

Extraction

A technique frequently applied in purifying 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 estab-
lished. When the mixing is stopped, the two immiscible solvents separate into two distinct
layers. The solutes are distributed between<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>