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Chemical resistance of common types of gloves to various

compounds
Glove type

Compound Neoprene Nitrile Latex
Acetone good fair good
Chloroform good poor poor
Dichloromethane fair poor poor
Diethyl ether very good good poor
Ethanol very good excellent excellent
Ethyl acetate good poor fair
Hexane excellent excellent poor
Methanol very good fair fair
Nitric acid (conc.) good poor poor
Sodium hydroxide very good excellent excellent
Sulfuric acid (conc.) good poor poor
Toluene fair fair poor
Common organic solvents

Boiling  Density  Dielectric Miscible
Name point (°C) (g-ml ") constant with H,O
Acetone (2-propanone) 56.5 0.792 21 yes
Dichloromethane 40 1.326 9.1 no
Diethyl ether 35 0.713 43 no
Ethanol (95% aq. azeotrope) 78 0.816 27 yes
Ethanol (anhydrous) 78.5 0.789 25 yes
Ethyl acetate 77 0.902 6.0  slightly
Hexane 69 0.660 1.9 no
Methanol 65 0.792 33 yes
Pentane 36 0.626 1.8 no
2-Propanol (Isopropyl alcohol)  82.5 0.785 18 yes
Toluene 111 0.866 2.4 no

Selected data on common acid and base solutions

Compound

Acetic acid (glacial)

Ammonia (concentrated)
Hydrobromic acid (concentrated)
Hydrochloric acid (concentrated)
Nitric acid (concentrated)
Phosphoric acid (concentrated)
Sodium hydroxide

Sulfuric acid (concentrated)

Molarity

17
15.3
8.9
12
16
14.7
6
18

Density
(g-ml™")

1.05
0.90
1.49
1.18
1.42
1.70
1.22
1.84

% by weight

100
28.4
48
37
71
85
20

95-98
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13C chemical shifts (22.1) 377
Common GC stationary phases (19.1) 261
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Filter paper types (10.1) 104
"H chemical shifts (21.2) 329
"H coupling constants (21.6) 351
NMR Solvents, deuterated (21.1) 320
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Quick reference for other important figures
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Distillation

fractional (13.17) 160

simple (13.7) 149
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Extraction
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Preface

The major focus of the Third Edition of Techniques in Organic Chemistry is the same
as the focus of the earlier editions: the fundamental techniques that students en-
counter in the organic chemistry laboratory. However, we have also expanded our
emphasis on the areas that students need to develop their skills in the critical inter-
pretation of their experimental data and to successfully carry out guided-inquiry
experiments.

Organic chemistry is an experimental science, and students learn its process in
the laboratory. Our primary goal should be to teach students how to carry out well-
designed experiments and draw reasonable conclusions from their results—a
process at the heart of science. We should work to find opportunities that engage
students in addressing questions whose answers come from their experiments, in an
environment where they can succeed. These opportunities should be designed to
catch students’ interest, transporting them from passive spectators to active partici-
pants. A well-written and comprehensive textbook on the techniques of experimen-
tal organic chemistry is an important asset in reaching these goals.

Changes in the Third Edition

The Third Edition of Techniques in Organic Chemistry includes a number of new fea-
tures. Entirely new sections have been added on planning a chemical reaction, com-
putational chemistry, and C nuclear magnetic resonance spectroscopy. A new
chapter on UV-visible spectroscopy has been added. Many sections concerning basic
techniques have been brought up to date and reorganized to better meet the practi-
cal needs of students as they encounter laboratory work.

A short essay introduces each of the five major parts of the Third Edition, on top-
ics from the role of the laboratory to the spectroscopic revolution. Perhaps most im-
portant, the essay Intermolecular Forces in Organic Chemistry provides the basis for
subsequent discussions on organic separation and purification techniques.

Many important features of earlier editions have been retained in the Third
Edition. Subsections on sources of confusion again walk students through the pit-
falls that could easily discourage them if they did not have this practical support.
For easy reference, commonly used data on solvents and acids and bases, as well as
quick references to frequently used techniques, are located inside the front cover.
Data tables for IR and NMR spectroscopy appear inside the back cover and on the
back foldout. We believe that these features will assist active learning as students
encounter the need for this information during their laboratory work.

Who Should Use This Book?

The book is intended to serve as a laboratory textbook of experimental techniques
for all students of organic chemistry. It can be used in conjunction with any lab ex-
periments to provide the background and skills necessary for mastering the organic
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chemistry laboratory. The book is written to provide effective support for guided-
inquiry and design-based experiments and projects. It can also serve as a useful ref-
erence for laboratory practitioners and instructors.

Flexibility

Techniques in Organic Chemistry offers a great deal of flexibility. It can be used in any
organic laboratory with any glassware. The basic techniques for using standard taper
miniscale glassware as well as 14/10 standard taper microscale and Williamson mi-
croscale glassware are all covered. The miniscale glassware that is described is
appropriate with virtually any 14/20 or 19/22 standard taper glassware kit.

Modern Instrumentation

Modern instrumental methods play a crucial role in supporting guided-inquiry ex-
periments, which provide the active learning opportunities many instructors seek for
their students. We feature instrumental methods that offer quick, reliable, quantita-
tive data. NMR spectroscopy and gas chromatography are particularly important.
Our emphasis is on how to acquire good data and how to read spectra efficiently and
with real understanding. Chapters on 'H and *C NMR, IR, and mass spectrometry
stress the practical interpretation of spectra and how they can be used to answer
questions posed in an experimental context. They describe how to deal with real lab-
oratory samples and include case studies of analyzed spectra.

Organization
The book is divided into five parts:

e Part 1 has chapters on safety, green chemistry, and the lab notebook.

e Part 2 discusses glassware, measurements, heating methods, computational
chemistry, and planning a chemical reaction.

e Part 3 introduces filtration, extraction, drying organic liquids, distillation, melting
points, recrystallization, and a chapter on specialized techniques—sublimation,
refractometry, measurement of optical activity, and inert atmosphere techniques.

e Part 4 presents the three chromatographic techniques widely used in the organic
laboratory—thin-layer, liquid, and gas chromatography.

e Part5 discusses IR, 'H and ®C NMR, MS, and UV-visible spectra in some detail.

Traditional organic qualitative analysis is available on our Web site:
www.whfreeman.com/mohrig.

Modern Projects and Experiments in Organic Chemistry

The accompanying laboratory manual, Modern Projects and Experiments in Organic
Chemistry, comes in two complete versions:

*  Modern Projects and Experiments in Organic Chemistry: Miniscale and Standard Taper
Microscale (ISBN 0-7167-9779-8)

*  Modern Projects and Experiments in Organic Chemistry: Miniscale and Williamson
Microscale (ISBN 0-7167-3921-6)



www.whfreeman.com/mohrig
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XV

Modern Projects and Experiments is a combination of inquiry-based and traditional ex-
periments, plus multiweek inquiry-based projects. It is designed to provide quality
content, student accessibility, and instructor flexibility. This laboratory manual intro-
duces students to the way the contemporary organic lab actually functions and al-
lows them to experience the process of science.

Custom Publishing

All experiments and projects are available through LabPartner for Chemistry,
Freeman Custom Publishing’s newest offering. LabPartner provides instructors with
a diverse database of experiments, selected from the extensive array published by
W. H. Freeman and Hayden-McNeil Publishing. Instructors can use LabPartner to
create their own customized lab manual by selecting specific experiments from
Modern Projects and Experiments, adding experiments from other WHF or H-M titles,
and incorporating their own original material so that the manual is organized to suit
their course. Visit http: //www.whfreeman.com/labpartner to learn more.
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PART

Introduction to the
Organic Laboratory

Essay — The Role of the Laboratory

Organic chemistry is an experimental science, and the laboratory is where you learn
about “how we know what we know about it.” The laboratory deals with the
processes of scientific inquiry that organic chemists use. It demonstrates the experi-
mental basis of what your textbook presents as fact. The primary goal of the labora-
tory is to help you understand how organic chemistry is done by actually doing it.
Learning how to obtain and interpret experimental results and draw reasonable con-
clusions from them is at the heart of doing science. Your laboratory work will give
you the opportunity to exercise your critical thinking abilities, to join in the process
of science—to observe, to think, and to act.

To learn to do experimental organic chemistry, you need to master an array of tech-
niques for carrying out and interpreting chemical reactions, separating products from
their reaction mixtures, purifying products, and analyzing the results. Techniques in
Organic Chemistry is designed to provide you with a sound fundamental understand-
ing of the techniques that organic chemists use and the chemical principles they are
based on. Mastering these techniques involves attention to detail and careful observa-
tions that will enable you to obtain accurate results and reach reasonable conclusions
in your investigations of chemical phenomena.

While you are in the laboratory, you will have a variety of experiences—from learn-
ing basic techniques to running chemical reactions. Interpretation of your experimen-
tal results will involve consideration of the relationship between theory and
experiment and provide reinforcement of what you are learning in the classroom. You
may have the opportunity to do guided-inquiry experiments that ask you to answer a
question or solve a problem by drawing conclusions from your experiments. You may
also have the opportunity to synthesize an interesting organic compound by adapting
a generic experimental procedure from the chemical literature.
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Science is often done by teams of people working together on problems, and your
experiments may involve teamwork with other students in your lab section. Some of
your lab work may involve multiweek related experiments, which have a flexibility
that may allow you to repeat a reaction procedure successfully if it didn’t work well
the first time. In fact, virtually all experimental results that are reported in chemical
journals have been repeated many times before they are published.

Part of learning how to do organic chemistry in the laboratory includes learn-
ing how to do it safely. Technique 1 discusses laboratory safety and safe handling
practices for the chemicals you will use. We urge you to read it carefully before you
begin laboratory work.




TECHNIQUE

- 1

SAFETY IN THE LABORATORY

As you begin your study of experimental organic chemistry, you
need a basic understanding of safety principles for handling chemi-
cals and equipment in the laboratory. Consider this chapter to be
required reading before you perform any experiments.

The organic chemistry laboratory is a place where accidents can
and do occur and where safety is everyone’s business. While work-
ing in the laboratory, you are protected by the instructions in an
experiment and by the laboratory itself, which is designed to safe-
guard you from most routine hazards. However, neither the experi-
mental directions nor the laboratory facilities can protect you from
the worst hazard—your own or your neighbors’ carelessness.

In addition to knowledge of basic laboratory safety, you need to
learn how to work safely with organic chemicals. Many organic
compounds are flammable or toxic. Some can be absorbed through
the skin; others are volatile and vaporize easily into the air in the
laboratory. Despite the hazards, organic compounds can be handled
with a minimum of risk if you are adequately informed about the
hazards and necessary safe handling procedures and if you use com-
mon sense while you are in the laboratory.

At the first meeting of your lab class, local safety issues will be
discussed—the chemistry department’s policies on safety goggles
and protective gloves, the location of safety showers and eye wash
stations, and the procedures to be followed in emergency situations.
The information in this chapter is intended to complement your
instructor’s safety rules and instructions.

1.1

Fires and Explosions

Causes of Laboratory Accidents

Laboratory accidents are of three general types: accidents involving
fires and explosions, accidents producing cuts or burns, and accidents
occurring from inhalation, absorption through the skin, or ingestion
of toxic materials.

Fire is the chemical union of a fuel with an oxidizing agent, usually
molecular oxygen, and is accompanied by the evolution of heat
and flame. Most fires involve ordinary combustible materials—
hydrocarbons or their derivatives. Such fires are extinguished by re-
moving oxygen or the combustible material or by decreasing the
heat of the fire. Fires are prevented by keeping flammable materials
away from a flame source or from oxygen (obviously, the former is
easier).

Four sources of ignition are present in the organic laboratory:
open flames, hot surfaces such as hot plates or heating mantles, faulty
electrical equipment, and chemicals. The most obvious way to prevent
a fire is to prevent ignition.



FIGURE 1.1
Heating devices.

Cuts and Injuries

FIGURE 1.2
Breaking a glass rod
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(

Ceramic heating mantle Hot plate/stirrer

Open flames. Open-flame ignition of organic vapors or liquids is
easily prevented: Never bring a lighted Bunsen burner or a match
near a low-boiling-point flammable liquid. Furthermore, because
vapors from organic liquids can travel over long distances at bench
or floor level (they are heavier than air), an open flame within 10 ft
of diethyl ether, pentane, or other low-boiling organic solvents is an
unsafe practice. In fact, the use of a Bunsen burner or any other
flame in an organic laboratory should be a rare occurrence and done
only with the permission of your instructor.

Hot surfaces. A hot surface, such as a hot plate or heating mantle,
presents a trickier problem (Figure 1.1). An organic solvent spilled
or heated recklessly on a hot plate surface may burst into flames.
The thermostat on most hot plates is not sealed and can spark when
it cycles on and off. The spark can ignite flammable vapors from an
open container such as a beaker. Remove any hot heating mantle or
hot plate from the vicinity before pouring a volatile organic liquid
because the vapors from the solvent can be ignited by the hot sur-
face of a hot plate or a heating mantle.

Faulty electrical equipment. Do not use appliances with frayed or
damaged electrical cords as their use could lead to an electrical fire.

Chemical fires. Chemical reactions sometimes produce enough heat
to cause a fire and explosion. For example, in the reaction of metallic
sodium with water, the hydrogen gas that forms in the reaction can
explode and ignite a volatile solvent that happens to be nearby.

Cuts and mechanical injuries are hazards anywhere, including the
laboratory.

Breaking glass rods or tubing. When you purposely break a glass
rod or a glass tube, do it correctly. Score (scratch) a small line on one
side of the tube with a file. Wet the scored line with a drop of water.
Then, holding the tube on both sides with a paper towel and with
the scored part away from you, quickly snap it by pulling the ends
toward you (Figure 1.2).
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Inhalation, Ingestion,
and Skin Absorption

Inserting glass into stoppers. Insert thermometers or glass tubes
into corks, rubber stoppers, and thermometer adapters carefully
and correctly. First, lubricate the end of the glass tube with a drop
of water or glycerol. Then, while holding the tube with a towel
close to the lubricated end, insert it slowly by firmly rotating it into
the stopper. Never hold the thermometer by the end away from the
stopper—it may break and the shattered end may be driven into
your hand.

Chipped glassware. Check the rims of beakers, flasks, and other
glassware for chips. Discard any piece of glassware that is chipped
because you could be cut very easily by the sharp edge.

Inhalation. The hoods in the laboratory protect you from inhalation
of noxious fumes, toxic vapors, or dust from finely powdered ma-
terials. A hood is an enclosed space with a continuous flow of air
that sweeps over the bench top, removing vapors or fumes from
the area.

Because many compounds used in the organic laboratory are at
least potentially dangerous, the best practice is to run every experi-
ment in a hood, if possible. Your instructor will tell you when an ex-
periment must be carried out in a hood. Make sure that the hood is
turned on before you use it. Position the sash for the optimal air-
flow through the hood. If the optimum sash position is not indicated
on the hoods in your laboratory, consult your instructor about how
far to open the sash.

Ingestion. Ingestion of chemicals by mouth is easily prevented. Never
taste any substance or pipet any liquid by mouth. Wash your hands
with soap and water before you leave the laboratory. No food or drink
of any sort should be brought into a laboratory or eaten there.

Absorption through the skin. Many organic compounds are absorbed
through the skin. Wear the appropriate gloves while handling reagents
and reaction mixtures. If you spill any substance on your skin, notify
your instructor immediately, and wash the affected area thoroughly
with water for 10-15 min.

1.2

Fire Extinguishers

Safety Features in the Laboratory

Organic laboratories contain many safety features for the protec-
tion and comfort of the people who work in them. It is unlikely
that you will have to use the safety features in your lab, but in the
event that you do, you must know what and where they are and
how they operate.

Colleges and universities all have standard policies regarding the
handling of fires. Your instructor will inform you whether evacu-
ation of the lab or the use of a fire extinguisher takes priority at
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your institution. Learn where the exits from your laboratory are
located.

Fire extinguishers are strategically located in your laboratory.
There may be several types, and your instructor may demonstrate
their use. Your lab is probably equipped with either class BC or
class ABC dry chemical fire extinguishers suitable for solvent or
electrical fires.

Fire blankets are used for one thing and one thing only—to smother
a fire involving a person’s clothing. Fire blankets are available in
most labs.

Safety showers are for acid burns and other spills of corrosive, irri-
tating, or toxic chemicals on the skin or clothing. If a safety shower
is nearby, it can also be used when a person’s clothing or hair is
ablaze. The typical safety shower dumps a huge volume of water in
a short period of time and thus is effective for both fire and acid
spills, when speed is of the essence. Do not use the safety shower
routinely, but do not hesitate to use it in an emergency.

You should always wear safety goggles while working in a labora-
tory, but if you accidentally splash something in your eyes, immedi-
ately use the eye wash station to rinse them with copious quantities
of slightly warm water for 10-15 min. Learn the location of the eye
wash stations in your laboratory and examine the instructions on
them during the first (check-in) lab session.

Your laboratory or a nearby stockroom may contain a basic first aid
kit consisting of such items as adhesive bandages, sterile pads, and
adhesive tape for treating a small cut or burn. All injuries, no matter
how slight, should be reported to your instructor immediately.
Your instructor will indicate the location of the first aid station and
instruct you in its use.

1.3

Personal Safety

Preventing Accidents

Accidents can largely be prevented by common sense and knowledge
of simple safety rules.

1. Think about what you are doing while you are in the laboratory.
Read the experiment before the laboratory session starts and
perform laboratory operations with careful forethought.

2. Itis alaw in many states and common sense in the remainder to
wear safety glasses or goggles at all times in the laboratory.
Your institution may have a policy regarding wearing contact
lenses in the laboratory; learn what it is and follow it. Wear
clothing that covers and protects your body. Shorts, tank tops,
and sandals (or bare feet) are not suitable attire for the lab.
Avoid loose clothing and loose long hair, which are fire hazards
or could become entangled in an apparatus. Laboratory aprons
or lab coats may be required by your instructor. Always wash
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Precautions When
Handling Reagents

your hands with soap and water at the end of the laboratory
period.

3. Never eat, chew gum, drink beverages, or apply cosmetics in
the lab.

4. Be aware of what your neighbors are doing. Many accidents
and injuries in the laboratory are caused by other people. Often
the person hurt worst in an accident is the one standing next to
the place where the accident occurred. Make yourself aware of the
procedures that should be followed in case of any accident. [See
Technique 1.4].

5. Never work alone in the laboratory. Being alone in a situation
in which you may be helpless can be life threatening.

6. Women who are pregnant or who become pregnant should dis-
cuss with the appropriate medical professionals the advisability
of working in the organic chemistry laboratory.

Never taste, ingest, or sniff directly any chemical. Always use the
hood when working with volatile, toxic, or noxious materials.
Handle all chemicals carefully, and remember that many chemicals
can enter the body through the skin and eyes, as well as through the
mouth and lungs.

Protective attire. Wear a lab coat or apron when working with haz-
ardous chemicals. Cotton is the preferred fabric because synthetic
fabrics could melt in a fire or undergo a reaction that causes the fabric
to adhere to the skin and cause a severe burn.

Disposable gloves. Disposable gloves are available in all labora-
tories. Wear gloves to prevent chemicals from coming into contact
with your skin unnecessarily. Table 1.1 lists a few common chemicals

TABLE 1.1 Chemical resistance of common types of gloves
to various compounds

GLOVE TYPE

Compound Neoprene Nitrile Latex
Acetone good fair good
Chloroform good poor poor
Dichloromethane fair poor poor
Diethyl ether very good good poor
Ethanol very good excellent excellent
Ethyl acetate good poor fair
Hexane excellent excellent poor
Methanol very good fair fair
Nitric acid (conc.) good poor poor
Sodium hydroxide very good excellent excellent
Sulfuric acid (conc.) good poor poor
Toluene fair fair poor

The information in this table was compiled from the Web site http://www.inform.
umd.edu/Campusinfo/Departments/EnvirSafety/Is/gloves.html and from
“Chemical Resistance and Barrier Guide for Nitrile and Natural Rubber Latex
Gloves,” Safeskin Corporation, San Diego, CA, 1996.


http://www.inform.umd.edu/CampusInfo/Departments/EnvirSafety/Is/gloves.html
http://www.inform.umd.edu/CampusInfo/Departments/EnvirSafety/Is/gloves.html
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and the chemical resistance to each one provided by three common
types of gloves. A more extensive chemical resistance table for types
of gloves may be posted in your laboratory. Additional information
on disposable gloves and tables listing glove types and their chem-
ical resistance are also available from many Internet Web sites, for
example:

http: //www.microflex.com

http: //www.ansellpro.com

http: //www.des.umd.edu/ls/gloves

http: //www.hazmat.msu.edu:591/glove_guide
http: //www.admin.cam.ac.uk/offices/safety

Chemical hazards. Consult your instructor if you are in doubt about
the safe handling procedures for any chemical. If you are handling a
particularly hazardous compound, wear the appropriate type of
gloves and know what the safe handling procedures for it are before
you begin the experiment.

Flammable solvents. Flammable solvents with boiling points of less
than 100°C, such as diethyl ether, methanol, pentane, hexane, and ace-
tone, should be distilled, heated, or evaporated on a steam bath or
heating mantle, never on a hot plate or with a Bunsen burner. Use
an Erlenmeyer flask fitted with a cork—never an open beaker—for
temporarily storing flammable solvents at your work area.

Keep your laboratory space clean and neat. In addition to your own
bench area, the balance and chemical dispensing areas should be left
clean and orderly. If you spill anything while measuring out your
chemicals, notify your instructor and clean it up immediately. After
weighing a chemical, replace the cap on the container and dispose
of the weighing paper in the appropriate receptacle. Keep gas and
water valves closed whenever they are not in use. Floors can become
very slippery if water is spilled; wipe up any spill immediately.

Remember that both glass and the tops of hot plates look the same
when hot as when cold. When heating glass, do not touch the hot
spot. Do not put hot glass on a bench where someone else might
pick it up.

Steam and boiling water cause severe burns. Turn off the steam
source before removing containers from the top of a steam bath or
steam cone. The screw attached to the rounded handle that controls
a steam line can become very hot; be careful not to touch it when
you turn the steam on or off. Handle containers of boiling water
very carefully.

Never heat a closed system! Also, never completely close off an
apparatus in which a gas is being evolved: always provide a vent in
order to prevent an explosion.


http://www.microflex.com
http://www.ansellpro.com
http://www.des.umd.edu/ls/gloves
http://www.hazmat.msu.edu:591/glove_guide
http://www.admin.cam.ac.uk/offices/safety
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1.4

Fire

General Policy
Regarding Accidents

Minor Cuts and Burns

What to Do if an Accident Occurs

If an accident occurs, act quickly, but think first. The first few seconds
after an accident may be crucial. Acquaint yourself with the follow-
ing instructions so that you can be of immediate assistance.

Your laboratory instructor will inform you on the first day of lab about
the proper response to a fire. It is important to know the policy of
your institution concerning when to evacuate the building and
when to use a fire extinguisher.

In case of a fire in the lab, get out of danger and then immedi-
ately notify your instructor. If possible, remove any containers of
flammable solvents from the fire area.

Know the location of the fire extinguishers and how they oper-
ate. A fire extinguisher will always be available. If you use one, aim
low and direct its nozzle first toward the edge of the fire and then to-
ward the middle. Tap water is not always useful for extinguishing
chemical fires and can actually make some fires worse, so always
use the fire extinguisher.

Be sure you know where the fire blanket and safety showers are
located. If a person’s clothing catches fire, drop the person to the
floor and roll the person’s body tightly in a fire blanket. If the blan-
ket is wrapped around a person who is standing, it may direct the
flames toward the person’s face. If your clothing is on fire, do not
run. Rapid movement fans flames.

Always inform your instructor immediately of any accident that
happens to you or your neighbors. Let your instructor decide
whether a physician’s attention is needed. If a physician’s attention
is necessary, an injured person should always be accompanied to the
medical facility; the injury may be more serious than it initially
appears.

Learn the location of the first aid kit and the materials it contains for
the treatment of simple cuts and burns. Notify your instructor im-
mediately if you are cut or burned or if any chemical is spilled on
your skin. Seek immediate medical attention for anything except
the most trivial cut or burn.

Cuts. Press on the cut to help slow the bleeding. Apply a bandage
when the bleeding has ceased. If the cut is large or deep, seek im-
mediate medical attention.

Heat burns. Apply cold water for 10-15 min to any heat burn. Seek
immediate medical attention for any extensive burn.

Chemical burns. The first thing to do if any chemical is spilled on
your skin, unless you have been specifically told otherwise, is to
wash the area well with water for 10-15 min. This treatment will
rinse away the excess chemical reagent. For acids, bases, and toxic
chemicals, thorough washing with water will save pain later. Skin
contact with a strong base usually does not produce immediate pain
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or irritation, but serious tissue damage (especially to the eyes) can
occur if the affected area is not immediately washed with copious
amounts of water. Specific treatments for chemical burns are pub-
lished in The Merck Index. Seek immediate medical treatment for any
serious chemical burn.

Chemical splash in the eyes. If a chemical gets into your eyes,
immediately go to the eye wash station and wash your eyes with a
copious amount of slightly warm water. Position your head so that
the stream of water from the eye wash fountain is directed at your
eyes. Hold your eyes open to allow the water to flush the eyeballs for
10-15 minutes. Because this position is difficult, assistance may be
required. Do not hesitate to call for help. Do not use very cold water
because it can damage the eyeballs. Seek medical treatment immedi-
ately after using the eye wash for any chemical splash in the eyes.

If you are wearing contact lenses, they must be removed for the use
of an eye wash station to be effective, an operation that is extremely dif-
ficult if a chemical is causing severe discomfort to your eyes. Therefore,
it is prudent not to wear contact lenses in the laboratory.

Chemical Toxicology

Most substances are toxic at some level, but the level varies over a
wide range. A major concern in chemical toxicology is quantity or
dosage. It is important that you understand how toxic compounds
can be handled safely in the organic laboratory.

The toxicity of a compound refers to its ability to produce injury
once it reaches a susceptible site in the body. A compound’s toxicity is
related to its probability of causing injury and is a species-dependent
term. What is toxic for people may not be toxic for other animals and
vice versa. A substance is acutely toxic if it causes a toxic effect in a
short time; it is chronically toxic if it causes toxic effects with repeated
exposures over a long duration.

Fortunately, not all toxic substances that accidentally enter the
body reach a site where they can be deleterious. Even though a toxic
substance is absorbed, it is often excreted rapidly. Our body protects
us with various devices: the nose, scavenger cells, metabolism, and
rapid exchange of good air for bad. Many foreign substances are
detoxified and discharged from the body very quickly.

Although many substances are toxic to the entire system (arsenic, for
example), many others are site specific. Carbon monoxide, for example,
forms a complex with the hemoglobin in our blood, diminishing the
blood’s ability to absorb and release oxygen; it also poisons the action
of mitochondrial aerobic metabolism.

In some cases, the metabolites of a compound are more toxic
than the original compound. An example is methanol poisoning.
The formic acid that is formed in the body’s metabolism of methanol
affects the optic nerve, causing blindness. The metabolism of some
relatively harmless polycyclic aromatic hydrocarbons produces
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Toxicity Testing
and Reporting

1.6

Material Safety
Data Sheets

potent carcinogenic compounds. As far as the body is concerned, it
does not matter whether the toxicity is due to the original substance
or to a metabolic product of it.

Consumers are protected by a series of laws that define toxicity, the
legal limits and dosages of toxic materials, and the procedures for
measuring toxicities.

Acute oral toxicity is measured in terms of LDs, (LD stands for
“lethal dose”). LD;, represents the dose, in milligrams per kilogram
of body weight, that will be fatal to 50% of a certain population of
animals. Other tests include dermal toxicity (skin sensitization) and
irritation of the mucous membranes (eyes and nose). The Merck Index
is a useful reference for the toxicity of organic compounds and lists
the LDy, of many compounds.

The toxicity of virtually all chemical compounds that are com-
mercially available has been reported, and every year the toxicities
of many more compounds become known. Chemists and biologists
have learned a great deal about toxicities in the past few decades. A
wall chart of toxicities for many common organic compounds may
be hanging in your laboratory or near your stockroom.

Where to Find Chemical Safety Information

All laboratories must make available a Material Safety Data Sheet
(MSDS) for every chemical used in the laboratory. Every MSDS
contains information on a list of topics required by law that describe
the physical properties, hazards, safe handling and storage prac-
tices, and first aid information for the chemical. Manufacturers are
required to prepare an MSDS for every chemical sold; the content is
the same for a specific chemical, but the format in which the infor-
mation is presented differs from one company to another. An MSDS
from one company may be easy to read while that from another may
be more difficult to understand.

MSDS information for thousands of compounds can be obtained
easily on the Internet. The Web sites for chemical companies provide
MSDSs for specific compounds as free, downloadable PDF files.
Example companies are Sigma-Aldrich and Acros Organics:

http: //www.sigmaaldrich.com

http: //www.acros.com

If your college or university subscribes to them, the following
Web sites have downloadable PDF files of MSDSs:

http: //www.MSDSonline.com
http: //www.chemwatch.na.com
In addition to a complete MSDS, Chemwatch also provides mini

MSDSs that briefly summarize the essential safety information for
compounds in clear, concise language and pictograms.


http://www.sigmaaldrich.com
http://www.acros.com
http://www.MSDSonline.com
http://www.chemwatch.na.com
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FIGURE 1.3
Monograph 1536, for
sec-Butyl acetate from
page 256 of The Merck
Index: An Encyclopedia
of Chemicals, Drugs,
and Biologicals, 14th ed.
(Reproduced with
permission from The
Merck Index, Fourteenth
edition. Copyright © 2006
by Merck & Co., Inc
Whitehouse Station, NJ,
USA. All rights reserved.)

The Merck Index

Hazardous Materials
Identification Systems

FIGURE 1.4
Four-diamond label for
chemical containers
indicating health, fire,
reactivity, and special
hazards. The symbol in
the specific hazard dia-
mond indicates that the
compound is reactive
with water and should
not come into contact
with it.
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1536. sec-Butyl Acetate. [105-46-4] Acetic acid [-methyl-
propyl ester; acetic acid sec-butyl ester. CqH;>0,; mol wt 116.16.
C 62.04%, H 10.41%, O 27.55%. Prepd from sec-butanol and
acetic anhydride: R. Altschul, J. Am. Chem. Soc. 68, 2605
(1946). Prepn of d- and /-form: J. Kenyon et al., J. Chem. Soc.
1935, 1072. Manuf: Faith, Keyes & Clark’s Industrial Chemicals,
F. A. Lowenheim, M. K. Moran, Eds. (Wiley-Interscience, New

York, 4th ed., 1975) pp 171-177.
o} CH,
)k )\/CHS
H,C 0
di-Form. Liquid. dy; 0.865. bpye 111-111.5°. nd 1.3848.

Flash pt, open cup:
alcohol, ether.

d-Form. [66610-38-6] Acetic acid (15)-1-methylpropyl ester.
[o]1%6.1 +10.52° (neat).

[-Form. [54657-08-8] Acetic ac1d (lR)—l—methylpropyl ester.
Liquid, bp 116-117°. dj’ 0.873. [2]536.1 —20.19° (neat). [o]i36,
—18.86° (c = 5.046 in ethanol). nf; 1.3899.

Caution: Potential symptoms of overexposure are irritation of
eyes; headache; drowsiness; narcosis; dryness of upper respiratory
system and skin. See NIOSH Pocket Guide to Chemical Hazards
(DHHS/NIOSH 97-140, 1997) p 38.

88°F (31°C). Slightly sol in water; sol in

A brief synopsis of safety information for common organic compounds
can be found in The Merck Index. The entry for sec-butyl acetate lists
the caution information at the end (Figure 1.3).

The labels on chemical containers carry warnings about the hazards
involved in handling and shipping the compounds. The four-diamond
symbol and a globally harmonized system of pictograms are the most
commonly used hazardous materials identification systems.

Four-diamond symbol. Chemical suppliers put a color-coded, four-
diamond symbol—developed by the National Fire Protection
Association—on the container label of all reagents they sell (Figure 1.4).
The four diamonds provide information on the hazards associated
with handling the compounds:

fire hazard (top, red diamond)

reactivity hazard (right, yellow diamond)
specific hazard (bottom, white diamond)
health hazard (left, blue diamond)

Fire hazard (red)

Health hazard a __ Reactivity hazard
(blue) (yellow)

Specific hazard
(white)
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ﬂ Lok

Explosive Oxidizing Highly flammable or Toxic or
extremely flammable very toxic
FIGURE 1.5 . é‘
Globally Harmonized & Y
System (GHS) pic- =1
tograms indicating Harmful or Corrosive Biohazard Dangerous for
chemical hazards. irritant the environment

The numerical values in the diamonds range from 0 to 4—0 indi-
cates no chemical hazard and 4 indicates extreme chemical hazard.

Globally Harmonized System (GHS) of pictograms. Many chemical
suppliers also indicate hazards by printing the universally under-
standable pictograms approved at the UN-sponsored Rio Earth
Summit in 1992 on the labels of their reagents (Figure 1.5). Since
then the pictograms have become a widely accepted standard on
chemical labels around the world.

Other warnings found on chemical labels. Chemical labels may also
include warnings such as “Irritant,” “Lachrymator,” “Cancer suspect
agent,” “Mutagen,” or “Teratogen.” Definitions of these terms follow:

Irritant: Substance causes irritation to skin, eyes, or mucous

membranes.

Lachrymator: Substance causes irritation and watering of the

eyes (tears).

Cancer suspect agent: Substance is carcinogenic in experimental
animals at certain dose levels, by certain routes of administra-
tion, or by certain mechanisms considered relevant to human
exposure. Available epidemiological data do not confirm an in-
creased cancer risk in exposed humans.

Mutagen: Substance induces genetic changes.

Teratogen: Substance induces defects in a developing fetus.

Further Reading

American Chemical Society, Safety in Academic
Chemistry Laboratories; 7th ed.; American
Chemical Society: Washington, DC, 2003.

Furr, A. K. (Ed.) CRC Handbook of Laboratory Safety;
5th ed.; CRC Press: Boca Raton, FL, 2000.

Lewis, Sr., R. J. Rapid Guide to Hazardous
Chemicals in the Workplace; 4th ed.; Wiley-
Interscience: New York, 2000.

Lewis, Sr., R. J; Sax, N. L. Sax’s Dangerous
Properties of Industrial Materials; 11th ed.;
Wiley-Interscience: New York, 2004.

The Manufacturing Chemists Association,
Chemical Safety Data Sheets; Washington, DC.

National Research Council, Prudent Practices in the
Laboratory: Handling and Disposal of Chemicals;
National Academy Press: Washington, DC,
1995.

O’Neill, M. J.; Heckelman, P. A.; Koch, C. B.;
Roman, K. J. (Eds.) The Merck Index: An
Encyclopedia of Chemicals, Drugs, and Biologicals;
14th ed.; Merck & Co., Inc.: Whitehouse, NJ,
2006.

U.S. Department of Labor, Occupational Exposure
to Hazardous Chemicals in Laboratories; OSHA
no. 95-33; U.S. Government Printing Office:
Washington, DC, 1995.
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PROTECTING THE ENVIRONMENT

What you do in the laboratory extends beyond the laboratory itself.
Every person working in a laboratory must also be aware of the
impact that he or she has on the environment. Before disposing of
anything in the lab, you should be conscious of how the disposal
will affect the environment. Although zero waste is impossible, min-
imum waste is essential. Industries are now required to account for
almost every gas, liquid, or solid waste they put into the environ-
ment. In the undergraduate laboratory, we should do the same.

Green Chemistry

One way to protect the environment is to reduce or eliminate the
waste and by-products from chemical reactions and manufactur-
ing processes that use chemical reagents and solvents. The term
green chemistry has been given to new chemical reactions and
processes that replace existing methods and that have the following
characteristics:

Use fewer and safer reagents and solvents.
Reduce energy requirements.

Utilize renewable resources whenever possible.
Minimize or prevent the formation of waste.

The goal of green chemistry is to be as environmentally friendly as
possible in the synthesis and utilization of chemicals both in the lab-
oratory and in industrial and manufacturing applications.

How can an existing chemistry procedure be changed to one
that could be called green chemistry? The first step is to ascertain the
safety information on the reagents and solvents that are currently
being used, as well as information on any toxic by-products that
would remain after completion of the reaction. The next steps are to
consider what would be safer, less toxic alternatives for the reactants
and solvents and to ascertain whether another method would give
the desired product using less hazardous materials. For example,
consider replacement solvents that pose fewer health and environ-
mental hazards.

In the quest for solvents that minimize health hazards and risks to the
environment, water would appear to be ideal because it is readily avail-
able and nonhazardous. But a requirement for most reaction solvents is
that they dissolve the reagents used in the reaction, and a very large
percentage of organic compounds are insoluble or only slightly soluble
in water. However, reactions in aqueous solutions can be promoted in
several ways with water-insoluble organic compounds, such as using
vigorous stirring or phase-transfer catalysts.
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Supercritical
Carbon Dioxide

Carbon dioxide is a gas under normal conditions. Solid CO, (dry ice)
sublimes, or vaporizes, from the solid to gaseous state without
melting. When CO, is subjected to conditions of temperature and
pressure that exceed its critical point, 31.1°C and 73 atm pressure, it
becomes a single phase with properties intermediate between the
properties of its gaseous and liquid states. A fluid above its critical-
point temperature and pressure is called a supercritical fluid.

Supercritical CO, is a very good solvent with properties similar to
many common organic solvents. The high-pressure equipment neces-
sary to contain supercritical CO,, however, makes its use in academic
laboratories impractical. Supercritical CO, can replace traditional and
hazardous solvents in industrial-scale chemical processes, include de-
caffeinating coffee, dry-cleaning clothing, cleaning electronic and indus-
trial parts, and chemical reactions. At the end of these processes, the
pressure is released and the escaping CO, gas can be easily recovered
and recycled.

2.2

Example 1.
Extraction of an
Organic Compound
from an Aqueous
Mixture

How Can a Laboratory Procedure Be Made Greener?

The following examples illustrate how an organic lab procedure can
be made “greener” by the use of alternative solvents and reagents.

The organic chemist frequently needs to separate an organic com-
pound from an aqueous mixture using the process of extraction, in
which the higher solubility of the organic compound in an organic
solvent selectively transfers it from an aqueous mixture. Consider a
procedure that specifies dichloromethane as a solvent for extracting
caffeine from tea leaves. Assuming that both solvents dissolve the caf-
feine adequately, would ethyl acetate be a “greener” alternative?

Cl @)
4 7
H,C( HC—C
cl OCH,CH,
Dichloromethane Ethyl acetate

We need to ascertain and evaluate the properties of ethyl acetate
relative to those of dichloromethane to decide whether ethyl acetate
would be a greener alternative.

Safety information. The safety information on the MSDS for
dichloromethane indicates that the compound is a cancer suspect
agent, toxic, a neurological hazard, and an irritant to the skin, eyes,
and mucous membranes. The MSDS for ethyl acetate states that it is
an irritant to the skin, eyes, and mucous membranes. Ethyl acetate
certainly looks safer.

Relative volatilities of dichloromethane and ethyl acetate. Dichloro-
methane has a high volatility (evaporation rate) related to its low
boiling point (40°C). The boiling point of ethyl acetate is 77°C. The
higher boiling point of ethyl acetate gives it a lower volatility than
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Oxidation of
Alcohols to Ketones
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dichloromethane at room temperature, thus ethyl acetate does not
evaporate as readily during the handling and transfers that occur
while the extraction is in progress. However, the higher boiling point
of ethyl acetate means that it requires more heat (energy) to remove
the solvent and recover the caffeine than would dichloromethane.

Solubility of water in the extraction solvent. For an extraction to be
successful, the organic solvent and the aqueous phase must have a
low solubility in one another. The solubility of water in ethyl acetate
is five times greater than its solubility in dichloromethane. If we want
to substitute ethyl acetate for dichloromethane as the extraction sol-
vent, we need a way to decrease the solubility of water in ethyl
acetate. The decrease can be accomplished by saturating the caffeine-
containing aqueous mixture with sodium chloride, which reduces
the amount of water that dissolves in ethyl acetate.

Relative costs of waste disposal. What happens to the solvent when
the extraction of caffeine from tea is completed? It can be removed
and recovered from the caffeine by distillation and possibly recycled
for use in another application, but eventually the solvent becomes
a waste that requires disposal either by burning in a process where
the heat energy is recovered or by incineration where the heat is
not recovered. Complete combustion of ethyl acetate produces
carbon dioxide and water, whereas complete combustion of dichloro-
methane produces carbon dioxide, water, and hydrogen chloride.
The HCI needs to be removed from the combustion gases before
they are released to the atmosphere, a process that increases the dis-
posal costs for chlorinated compounds relative to nonhalogenated
compounds.

Justification for the substitution of ethyl acetate for dichloromethane.
Using ethyl acetate instead of dichloromethane is less hazardous
both to the person doing the procedure and to the environment. In
addition, lower waste disposal costs make substitution of ethyl
acetate a greener alternative than dichloromethane as the extraction
solvent, despite the higher energy costs incurred with ethyl acetate.

Chromium(VI) oxide (CrO;) has been a traditional reagent for oxi-
dizing an alcohol to a ketone.

CI) I
oxidizing agent
_C—g /0
(|: H _C
Alcohol Carbonyl compound

The MSDS for CrOj; indicates that it is highly toxic and a cancer
suspect reagent. In addition, at the end of the reaction an equivalent
amount of chromium(III) oxide is present as a by-product, requiring
expensive disposal to prevent it from becoming an environmental
contaminant. Household bleach, a 5.25% or 6.00% aqueous sodium
hypochlorite (NaOCl) solution, is a green alternative for chromium(VI)
oxide in oxidation reactions.
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Example 3.
Biochemical
Catalysis

Oxidation of cyclohexanol. The oxidation of cyclohexanol with
aqueous sodium hypochlorite solution in the presence of acetic acid
is an example of green chemistry oxidation.!

H_ OH
tic acid
+ NaOCl === + H,0 + NaCl
2
Cyclohexanol Cyclohexanone

Stirring to facilitate the reaction. Cyclohexanol is a liquid at room
temperature and is relatively insoluble in water. The water in the
sodium hypochlorite solution provides the reaction medium. Even
though cyclohexanol is largely insoluble in the aqueous sodium
hypochlorite/acetic acid solution, vigorous stirring of the two phases
increases the surface area of one liquid in contact with the other and
greatly enhances the reaction rate.

Elimination of the extraction solvent. Cyclohexanone has tradition-
ally been recovered from the two-phase reaction mixture by extrac-
tion with an organic solvent, such as diethyl ether. Steam distillation
(codistillation of the organic compound with water) is a green alter-
native for separating the cyclohexanone from the inorganic salts in
the aqueous reaction mixture. The tradeoffs for not using extractions
to recover the product are a lower yield (50-60%) instead of the
70-80% that is possible using extractions, as well as higher energy
costs, versus no organic solvent waste that would require disposal.

Nonhazardous by-products. This synthesis also qualifies as green
chemistry because the by-products of the reaction, water and sodium
chloride, are nonhazardous wastes that can be washed down the
sink. Any excess acetic acid remaining in the aqueous solution can be
neutralized with sodium carbonate to form acetate ion, also a non-
hazardous waste that can be washed down the sink.

Biochemical catalysis is a green alternative to traditional catalysis in
organic synthesis. Using thiamine (vitamin B,) is a green alternative
to using potassium cyanide (KCN), the traditional catalyst in the
condensation of two benzaldehyde molecules to form benzoin.?

@) @)
£ i
\H KCN ~CH
2 NaOH |
aOH
OH
Benzaldehyde Benzoin

1Mohrig, J. R; Neinhuis, D. M.; Linck, C. F; Van Zoeren, C.; Fox, B. G.; Mahaffy, P. G.
J. Chem. Educ. 1985, 62, 519-521.

2Mohrig, J. R; Neckers, D. C. Laboratory Experiments in Organic Chemistry; 2nd ed.; Van
Nostrand: New York, 1973, 184-187.
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The MSDS for potassium cyanide indicates that it is highly toxic
and readily absorbed through the skin. Its contact with acids pro-
duces highly toxic hydrogen cyanide gas. Vitamin B,, in the form of
thiamine, provides a far safer catalytic reagent for this reaction and
eliminates the hazards and waste disposal costs of potassium
cyanide. Thiamine is a naturally occurring compound and a renew-
able resource. The MSDS for thiamine indicates that it may be harm-
ful when ingested in high concentrations, and it may cause allergic
reactions.

These three examples are a brief introduction to the ways in which
chemical processes can be made greener. They are part of a continu-
ing effort toward the goal of green chemistry—using chemistry in
the synthesis and utilization of chemicals in as environmentally
friendly a manner as possible. New manufacturing processes and
chemical syntheses using green chemistry are being developed
every day.

2.3

Atom Economy

Fewer Reaction By-Products

In addition to finding greener alternatives for solvents and reagents,
green chemistry is about finding ways to minimize or eliminate waste
by generating fewer by-products in chemical reactions. Chemists
generally regard the percentage yield of a chemical reaction as the
measure 