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Introduction

WELCOME TO ORGANIC
CHEMISTRY!

Organic chemistry can be fun, and we hope to prove it to you. The work in this labo-
ratory course will teach you a lot. The personal satisfaction that comes with performing a
sophisticated experiment skillfully and successfully will be great.

To get the most out of the laboratory course, you should strive to do several things.
First, you must review all relevant safety material. Second, you need to understand the or-
ganization of this laboratory manual and how to use it effectively. The manual is your guide
to learning. Third, you must try to understand both the purpose and the principles behind
each experiment you do. Finally, you must try to organize your time effectively before each
laboratory period.

LABORATORY SAFETY

Before undertaking any laboratory work, it is essential that you familiarize yourself
with the appropriate safety procedures and that you understand what precautions you
should take. We strongly urge you to read Technique 1, “Laboratory Safety” (pp. 558-575),
before starting any laboratory experiments. It is your responsibility to know how to perform
the experiments safely and how to understand and evaluate the risks that are associated with
laboratory experiments. Knowing what to do and what not to do in the laboratory is of para-
mount importance, because the laboratory has many potential hazards associated with it.
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ADVANCE PREPARATION

It is essential to plan carefully for each laboratory period so that you will be able to
keep abreast of the material you will learn in your organic chemistry laboratory course. You
should not treat these experiments as a novice cook would treat The Good Housekeeping
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 man-
ual in one hand and a wrench in the other. In addition, it is unlikely that you will learn much
if you try to follow the instructions blindly, without understanding them. We can’t empha-
size strongly enough that you should come to the lab prepared.

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

You should read Technique 2, “The Laboratory Notebook, Calculations, and Labora-
tory Records” right away. Although your instructor will undoubtedly have a preferred for-
mat for keeping records, much of the material here will help you learn to think constructively
about laboratory experiments in advance. It would also save time if, as soon as possible, you
read the first nine techniques chapters in Part Six. These techniques are basic to all experi-
ments in this textbook. The laboratory class will begin with experiments almost immedi-
ately, and a thorough familiarity with this particular material will save you much valuable
laboratory time.

BUDGETING TIME

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

PURPOSE

The main purpose of an organic laboratory course is to teach you the techniques nec-
essary for a person dealing with organic chemicals. You will also learn the techniques
needed for separating and purifying organic compounds. If the appropriate experiments are
included in your course, you may also learn how to identify unknown compounds. The ex-
periments themselves are only the vehicles for learning these techniques. The techniques
chapters in Part Six 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 the
chapters in Part Six.

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

1. How to take data carefully

2. How to record relevant observations

3. How to use your time effectively

4. How to assess the efficiency of your experimental method

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

7. How to solve problems and think like a chemist

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

This textbook discusses the important laboratory techniques of organic chemistry and
illustrates many important reactions and concepts. In the traditional approach to teaching
this subject (called macroscale), the quantities of chemicals used were on the order of 5—
100 grams. The approach used in this textbook, a small-scale approach, differs from the tra-
ditional laboratory in that nearly all of the experiments use smaller amounts of chemicals
(1-10 grams). However, the glassware and methods used in small-scale experiments are
identical to the glassware and methods used in macroscale experiments.

The advantages of the small-scale approach include improved safety in the laboratory,
reduced risk of fire and explosion, and reduced exposure to hazardous vapors. This approach
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decreases the need for hazardous waste disposal, leading to reduced contamination of the
environment.

Another approach, a microscale approach, differs from the traditional laboratory in
that the experiments use very small amounts of chemicals (0.050-1.000 grams). Some mi-
croscale glassware is very different from macroscale scale glassware, and there are a few
techniques that are unique to the microscale laboratory. Because of the widespread use
of microscale methods, some reference to microscale techniques will be made in the tech-
niques chapters. A few experiments in this textbook feature microscale methods. These ex-
periments have been designed to use ordinary glassware; they do not require specialized
microscale equipment.
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Part Six The Techniques

TECHNIQUE 1
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 you well in
minimizing that danger. It is ultimately your responsibility, along with your laboratory in-
structor’s, to make sure that all laboratory work is carried out in a safe manner.

1.1 SAFETY GUIDELINES

It is vital that you take necessary precautions in the organic chemistry laboratory.
Your laboratory instructor will advise you of specific rules for the laboratory in which you
work. The following list of safety guidelines should be observed in all organic chemistry
laboratories.

A. Eye Safety

Always Wear Approved Safety Glasses or Goggles. It is essential to wear eye
protection 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. Even
dish washing can 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 frag-
ments into the person’s eyes. To avoid such accidents, wear your safety glasses or goggles
at all times.

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

B. Fires

Use Care with Open Flames in the Laboratory. Because an organic chemistry
laboratory course deals with flammable organic solvents, the danger of fire is frequently
present. Because of this danger, DO NOT SMOKE IN THE LABORATORY. 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 flamma-
ble solvents. If so, either wait 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
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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 condenser 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 immediately determine the location of the
nearest fire extinguisher, fire shower, and fire blanket. You should learn how to operate these
safety devices, particularly the fire extinguisher. Your instructor can demonstrate this.

If there is 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 can usually 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 extinguish the fire and if help from an experienced
person is not readily available, then extinguish the fire yourself with a fire extinguisher.

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

C. Organic Solvents: Their Hazards

Avoid Contact with Organic Solvents. It is essential to remember that most or-
ganic solvents are flammable and will burn if they are exposed to an open flame or a match.
Remember also that on repeated or excessive exposure, some organic solvents may be toxic,
carcinogenic (cancer causing), or both. For example, many chlorocarbon solvents, when
accumulated in the body, result in liver deterioration similar to cirrhosis caused by exces-
sive use of ethanol. The body does not easily rid itself of chlorocarbons nor does it detox-
ify them; they build up over time and may cause future illness. Some chlorocarbons are also
suspected of being carcinogens. MINIMIZE YOUR EXPOSURE. Long-term exposure to
benzene may cause a form of leukemia. Do not sniff benzene and avoid spilling it on your-
self. Many other solvents, such as chloroform and ether, are good anesthetics and will put
you to sleep if you breathe too much of them. They subsequently cause nausea. Many of -
these solvents have a synergistic effect with ethanol, meaning that they enhance its effect.
Pyridine causes temporary impotence. In other words, organic solvents are just as danger-
ous 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.

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

A sensible precaution is to wear gloves when working with solvents. Gloves made
from polyethylene are inexpensive and provide good protection. The disadvantage of poly-
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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 polyethylene
gloves. Nitrile gloves offer better protection (see p. 563).

Do Not Breathe Solvent Vapors. In checking the odor of a substance, be careful
not to inhale very much of the material. The technique for smelling flowers is not advisable
here; you could inhale dangerous amounts of the compound. Rather, a technique for smell-
ing 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 container and in-
hale deeply!

The hazards associated with organic solvents you are likely to encounter in the or-
ganic laboratory are discussed in detail beginning on page 571. If you use proper safety
precautions, your exposure to harmful organic vapors will be minimized and should present
no health risk.

Safe Transportation of Chemicals. When transporting chemicals from one loca-
tion to another, particularly from one room to another, it is always best to use some form of
secondary containment. This means that the bottle or flask is carried inside another, larger
container. This outer container serves to contain the contents of the inner vessel in case a
leak or breakage should occur. Scientific suppliers offer a variety of chemical-resistant car-
riers for this purpose.

D. Waste Disposal

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

The correct 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 con-
tainers 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. Two alternative systems for han-
dling waste disposal are presented here. For each experiment that you are assigned, you will
be instructed to dispose of all wastes according to the system that is in operation in your
laboratory.

In one model of waste collection, a separate waste container for each experiment is
placed in the laboratory. In some cases, more than one container, each labeled according to
the type of waste that is anticipated, is set out. The containers will be labeled with a list that
details each substance that is present in the container. In this model, it is common practice
to use separate waste containers for aqueous solutions, organic halogenated solvents, and
other organic nonhalogenated materials. At the end of the laboratory class period, the waste
containers are transported to a central hazardous materials storage location. These wastes
may be later consolidated and poured into large drums for shipping. Complete labeling,
detailing each chemical contained in the waste, is required at each stage of this waste-
handling process, even when the waste is consolidated into drums.
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In a second model of waste collection, you will be instructed to dispose 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.

Broken glassware. Broken glassware should be put into a container specifically des-
ignated 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,
and 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 car-
bon 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 the so-
lution contains 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 innocu-
ous and it may seem that their disposal down the sink drain is not likely to cause harm,
many communities are becoming increasingly restrictive about what substances 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.

Whichever method is used, the waste containers must eventually be labeled with a
complete list of each substance that is present in the waste. Individual waste containers are
collected, and their contents are consolidated and placed into drums for transport to the
waste-disposal site. Even these drums must bear labels that detail each of the substances
contained in the waste.

In either waste-handling method, certain principles will always apply:

® Aqueous solutions should not be mixed with organic liquids.
m Concentrated acids should be stored in separate containers; certainly they must
never be allowed to come into contact with organic waste.
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® Organic materials that contain halogen atoms (fluorine, chlorine, bromine, or io-
dine) should be stored in separate containers from those used to store materials that
do not contain halogen atoms.

In each experiment in this textbook, we have suggested a method of collecting and
storing wastes. Your instructor may opt to use another method for collecting wastes.

E. 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 6, starting on page 612. Most organic
solvents boil below 100°C, and an aluminum block, heating mantle, sand bath, or water
bath may be used to heat these solvents safely. Common organic solvents are listed in Tech-
nique 10, Table 10.3, page 676. Solvents marked in the 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 sol-
vents. Again, we stress that you should check to see whether anyone in your vicinity is us-
ing flammable 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 farther down
the bench on their way to the sink.

F. Inadvertently Mixed Chemicals

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

G. Unauthorized Experiments

Never undertake any unauthorized experiments. The risk of an accident is high, par-
ticularly if the experiment has not been completely checked to reduce hazards. Never work
alone in the laboratory. The laboratory instructor or supervisor must always be present.

H. Food in the Laboratory

Because all chemicals are potentially toxic, avoid accidentally ingesting any toxic
substance; therefore, never eat or drink any food while in the laboratory. There is always

12
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the possibility that whatever you are eating or drinking may become contaminated with a
potentially hazardous material.

I. Clothing

Always wear closed shoes in the laboratory; open-toed shoes or sandals offer inade-
quate protection against spilled chemicals or broken glass. Do not wear your best clothing
in the laboratory because some chemicals can make holes in or permanent stains on your
clothing. To protect yourself and your clothing, it is advisable to wear a full-length labora-
tory apron or coat.

When working with chemicals that are very toxic, wear some type of gloves. Dispos-
able gloves are inexpensive, offer good protection, provide acceptable “feel,” and can be
bought in many departmental stockrooms and college bookstores. Disposable latex surgi-
cal or polyethylene gloves are the least expensive type of glove; they are satisfactory when
working with inorganic reagents and solutions. Better protection is afforded by disposable
nitrile gloves. This type of glove provides good protection against organic chemicals and
solvents. Heavier nitrile gloves are also available.

Finally, hair that is shoulder length or longer should be tied back. This precaution is
especially important if you are working with a burner.

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

If any chemical enters your eyes, immediately irrigate the eyes with copious quanti-
ties of water. Tempered (slightly warm) water, if available, is preferable. Be sure that the
eyelids are kept open. Continue flushing the eyes in this way for 15 minutes.

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

Minor burns caused by flames or contact with hot objects may be soothed by imme-
diately immersing the burned area in cold water or cracked ice until you no longer feel a
burning sensation. Applying salves to burns is discouraged. Severe burns must be examined
and treated by a physician. For chemical acid or base burns, rinse the burned area with co-
pious 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.

1.2 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 workplace. These
regulations are often referred to as Right-to-Know Laws. At the federal level, the Oc-
cupational 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 Laws, to include a provision that requires the establishment of
a Chemical Hygiene Plan at all academic laboratories. Every college and university chem-



