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First the Basics
ALWAYS Safety First

Why?
Safety is important for you, as well as for your coworkers. There are inherent dangers
in organic chemistry lab; the chemicals you will work with may be very ﬂammable, and
some are toxic. Safety is your number one priority. By working safely and in control of
the situation, you not only protect yourself and your classmates, but you also protect the
environment from the eﬀect of harmful chemicals.

Which Safety Features Are Available in the Lab?
A laboratory is always equipped with an alarm system and a sprinkler system, which will
be activated either when an alarm is pulled or triggered by an occurrence in the building.
Each laboratory room is equipped with safety showers, eyewashes, and ﬁre extinguishers. The lab rooms have multiple exit doors to allow for quick evacuation.
If anything goes wrong, your instructor must be alerted immediately. Most emergencies
can be handled with available personnel. But if there is any doubt that help is needed,
CALL 911. It is much better to err on the side of caution. When calling 911, it is advisable to use a line phone, as most cell phones don’t tell the operator where you are located.
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The safety shower should only be used if necessary; that is, when your clothing is
on ﬁre or if a large amount of chemicals has been spilled on your body and clothing. If this is not the case, it is more eﬃcient to use the faucets and spray heads in
the sink. Any contamination of the skin must be rinsed with water for 15 minutes.
If any chemical comes in contact with your eye, use the eyewash station. Hold your
eye open with your ﬁngers, and irrigate your eye for 15 minutes. This may seem
like a very long time, but taking this precaution is vital to your safety!
The ﬁre extinguisher can be used if there is a ﬁre in the lab. If the ﬁre is in a beaker
or ﬂask, it is usually much safer to cover the container and let the ﬁre die due to
lack of oxygen. If you are not sure how to use a ﬁre extinguisher, don’t do it. If you
are not sure that you can extinguish the ﬁre, don’t do it. Call your instructor, who
has been trained to use a ﬁre extinguisher. Be aware that there are diﬀerent kinds
of ﬁre extinguishers. The most common ﬁre extinguisher in a teaching laboratory
is labeled as “ABC,” and is appropriate for use in the event of most chemical ﬁres.
Each organic chemistry laboratory is equipped with fume hoods. A hood is an
enclosed space with a high continuous air ﬂow, which will keep noxious and toxic
fumes out of the general laboratory space. Hoods are often used in teaching laboratories to dispense reagents in a safe fashion. Frequently the workbenches in the
laboratory are equipped with either overhead vent hoods or down drafts on the
benches itself.
What Should I Wear?
Your eyes are the most vulnerable part of your body. At all times, you should wear
goggles in the lab. No exceptions. The goggles must be “chemical resistant”; the
vent holes at the top of these goggles do not allow any liquid to get inside.
Lots of people wear contact lenses. Accident statistics show that wearing contacts
is not more dangerous than wearing glasses in the lab, as long as goggles are worn,
but you have to be very aware of the fact that you are wearing these lenses. If an
accident occurs and you are wearing contacts, remove them as soon as possible.
Any exposed part of your body is vulnerable to contamination by chemicals. An
apron or lab coat should be worn at all times. Shoulders should be covered, so no
tank tops without a lab coat.
Closed-toe shoes are also essential. Sandals or ﬂip-ﬂops are not allowed.
The remaining question is: Should gloves be worn or not? There is no denying
that gloves play an essential part in lab safety. However, you should be conscious
of the fact that gloves are also composed of chemicals, and therefore the right kind

What Should I Pay Attention to?
• No smoking, eating or drinking are allowed in the laboratory. Never taste
anything in the lab.
•

Never leave an experiment in progress unattended, especially if heating is
involved. Should you need to leave the lab while an experiment is in progress,
get your instructor or a classmate to keep watch over your reaction while you
are gone.

•

For most experiments, digital thermometers are the best choice. However, for
certain experiments, mercury thermometers are irreplaceable. Special rules
apply to mercury thermometers because of the highly toxic nature of mercury.
If you break a mercury thermometer, do not try to clean it up. You should
notify your instructor immediately so that the problem will be taken care of.
Make absolutely certain you do not walk through the mercury-contaminated
area. You sure don’t want to track toxic mercury back to your apartment or
dorm room. To avoid breaking a thermometer, secure it at all times with a
clamp.

•

If there is a desk area in your lab room, there will be a very clear dividing line
between the non-chemical area and the laboratory area. Classroom rules apply to a desk area, while laboratory rules strictly apply once the line into the
lab section is crossed.

•

Aisles must be kept free of obstructions, such as backpacks, coats, and other
large items.

•

Never ﬁll a pipet by mouth suction. Avoid contamination of reagents. Use
clean and dry scooping and measuring equipment.

•

Do not use any glass containers, such as beakers or crystallizing dishes, to
collect ice out of an ice machine. It is impossible to see the glass shards of a
broken container in the ice, and fellow students could get seriously cut if they
put their hand in.

ALWAYS Safety First

of glove should be worn for speciﬁc chemicals. Manufacturers of gloves oﬀer information regarding the protection diﬀerent gloves provide for certain chemicals.
Also, it is more diﬃcult to manipulate small items when wearing gloves, and the
chances of spills increases with glove use. For most experiments in teaching laboratories, gloves are optional if the chemicals used are not toxic or caustic. Gloves
should be worn if indicated in the procedure.
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•

If the faucets for the deionized water are made of plastic, treat them gently!

•

Immediately report defective equipment to the instructor so it can be repaired.

Chemical Waste
One thing to remember about chemicals is that they don’t just go away. Therefore, we are all responsible for making sure they get where they belong. There are
several waste streams in each laboratory, whether teaching or research: aqueous
waste, regular garbage, glass waste, liquid organic waste, solid chemical waste, and
special waste streams. We’ll discuss all of these in order.
Rule # 1: Only water goes down the drain. It could be soapy water, or it could
be very slightly acidic or alkaline, but that’s where it stops. NO EXCEPTIONS! The eﬄuent of the laboratories joins all the other eﬄuent of the city
and it is therefore essential that no hazardous materials whatsoever go down
the drain.
Regular garbage: All solid non-chemical non-glass waste goes in the garbage cans. Lots of paper towels end up here.
Glass waste: All glass waste, in particular Pasteur pipets and other sharp
objects, are collected in special containers to avoid harmful accidents.
Liquid organic waste: All organic waste, except the solids, goes into the
liquid waste container. This includes the organic solutions generated during
your experiments, and all the acetone washings of the glassware. This waste
has to be clearly identiﬁed at all times with waste tags, and will be disposed of
responsibly. These containers have to be capped at all times when not in use,
according to EPA (Environmental Protection Agency) rules.
Solid chemical waste: Solid organic chemical waste should be placed into
a designated container. This waste includes silica gel from columns, drying
agents, contaminated ﬁlter paper, etc. It will be disposed of by the laboratory
personnel in a responsible fashion.
Special waste streams: For certain experiments, separate speciﬁc waste
streams will be created. This includes Cr waste from an oxidation reaction
or the catalyst used in catalytic hydrogenation. These mixtures require special
treatment due to either their toxicity or inherent chemical properties.

The Basics About Notebooks
A laboratory notebook is the essential record of what happened in the laboratory.
This is valid for teaching laboratories, synthetic research laboratory, or analytical
chemistry laboratory. If you do an experiment, you need to write down exactly
what you did and what happened. Fellow scientists should be able to read your
notebook, and maybe come up with possible alternative explanations for what
happened. If a chemist in a pharmaceutical company made the drug taxol for
the ﬁrst time, other scientists might want to repeat this synthesis and potentially
improve upon it. To be able to publish experimental results, such as the synthesis
of a drug, an oﬃcial record of these experiments has to exist.
There are some basic rules as far as notebooks are concerned:
•

The pages in a notebook are always numbered.

•

No pages are ever removed.

•

All entries are in ink, and are never deleted. If you change your mind about
something, you can always scratch out an entry, but never erase.

•

The entries should be dated.

What to Do Before Coming to Lab
First and foremost, you should read and understand the experiment. Read through
the description of the experiment, and ascertain that you understand all the underlying chemical principles. If not, look up the chemistry background and study it.
Once you completely understand the experiment, you can start making entries in
the notebook. Here is what should appear in the notebook:
•

Date

•

Title of the experiment

•

Objective: What is the purpose of this experiment? It could be to learn a new
technique, to examine a reaction mechanism, or to synthesize a compound, or
to analyze a mixture, or a number of other possibilities.

•

Write the balanced chemical equation, if appropriate. In case of a synthesis
reaction, write the starting materials and product. Use the space above and
below the arrow to deﬁne the reaction conditions, such as temperature and
solvent.

The Why and How of a Laborator y Notebook
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A complete balanced chemical equation shows all the reactants, products,
catalysts, and solvent and reaction conditions using structural formulas. Also
give the molecular weight of each reactant, the amount used, and the number
of moles used. For example:
OH
H3C

CH2

CH3

CH3

– H2O
H3PO4

H3C

heat

C

CH

CH3 + H2C

CH3

50.0 mL
MW 88, d = 0.806 g/mL
0.46 mol
bp 102°

•
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C

C

CH2

CH3

CH3

MW 70
bp 35–38°

MW 70
bp 31°

The introductory section of your report should contain any physical constant
that may be needed to perform or interpret the experiment. For example:
molecular weight, melting points for solids, boiling points for liquids, density,
solubility, etc. Don’t list all constants you can ﬁnd, only the ones that have a
bearing on the experiment. It is convenient and eﬃcient to list the physical
constants in table format, as illustrated in Table 1-1. However, quite a few of
these physical constants can be incorporated in the chemical equation.
In addition, the safety hazards of the chemicals should be investigated. Information can be found from books or online sources; the MSDS (Materials
Safety Data Sheet) will give the most complete information and is obtained
from the manufacturer of the chemicals used.

Table 1-1.
Compound

MW

2-methyl-2-butanol

88

mp
(°C)

bp
(°C)

d
(g/mL)

102

0.806

Safety
Considerations

Extremely corrosive,
strong acid

Phosphoric acid
2-methyl-2-butene

70

35–38

Flammable

2-methyl-1-butene

70

31

Flammable

Write the procedure. You should be able to run the experiment using only
your outline of the procedure, without the lab manual or a literature article.
Your outline should contain enough information to allow you to perform the
experiment, but no more. Complete sentences are not needed; a bullet format
is preferred. Quantities of materials are required. New procedures may require a rather detailed description, but for familiar procedures only minimum
information is needed. In fact, the name of the procedure may suﬃce; for example, “recrystallize from methanol.” Copying the procedure word for word
from the original source is unacceptable; summarizing in your own words will
be more helpful to you.
Writing the procedure might seem like a waste of time, but doing so will
ensure that you know and understand all the steps. Even researchers with decades of experience write out the procedure every time they do an experiment.
It might be an abbreviated version with just quantities and keywords, but that
is all the information needed to run the experiment.
An easy format is to use the left half of a page to write out the procedure
so that you can follow along during lab, and use the right half for recording
observations and results on the right side.

What to Write During Lab
When you begin the actual experiment, keep your notebook nearby so you are able
to record the operations you perform. While you are working, the notebook serves
as a place where a rough transcript of your experimental method is recorded. Data
from actual weights, volume measurements, and determinations of physical constants are also noted. 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.
When your product has been prepared and puriﬁed, or isolated if it is an isolation
experiment, you should record such pertinent data as the melting point or boiling
point of the substance, its density, its index of refraction, spectral data and the
conditions under which spectra were determined.
Figure 1-1 shows a typical laboratory notebook. Note how much detail is given
about what really happened during the experiment. The format can vary, and the
important thing is to record information during the experiment.
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Figure 1-1. Laboratory notebook.
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What to Write After Lab
First you have to evaluate your data and analyze your results. Some basic calculations will often be necessary, such as % yield and recovery.
In your report you should include the results of the analyses you performed, such
as running a TLC plate or measuring a melting point. You should also include any
spectra you recorded, as well as your analysis of the spectra. What information can
you ascertain from reading the spectra?
You must also draw some conclusions and write a discussion. This is where you
demonstrate your understanding of what happened in the experiment. You discuss
the results you obtained and draw whatever conclusions you can. Give the proposed mechanism for the reaction in question, if appropriate. Your report can also
contain discussion of the following topics:
•

What did you expect to happen?

•

What actually happened?

•

Why did it happen?

•

Explain the logic of the procedure. The basic question is: why is the procedure the way it is?

•

Explain the logic of the work-up procedure. How do we isolate the product?
Why?

•

What can explain the diﬀerences between your expectations and the actual
results?

•

What did you learn about the reliability and limitations of the techniques
used?

•

What did you learn about the reliability and limitations of the equipment
used?

•

What did you learn about the chemistry?

•

How could your results have been improved?

•

What could this chemistry or technique be applied to?

The whole purpose of this part of the report is to convince your instructor that you
really understand what you did in the lab, and why, and where it can lead to, etc.
BE THOUGHTFUL AND THOROUGH!
Finally, make sure you cite your data and observations while explaining and interpreting your result.

Important Calculations
Laboratory results usually require you to perform some calculations. Here are
some examples of calculations that are typically used.
Conversion of Volume to Mass and Number of Moles for a Pure Liquid
Amounts of pure liquid reagents are speciﬁed in volume measure (mL or L). To
convert volume to mass or to number of moles, use the following formulae:

The Why and How of a Laborator y Notebook

Various formats for reporting the results of the laboratory experiments may be
used. You may write the report directly in your notebook, or your instructor may
require a more formal report 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. Frequently, the style used in scientiﬁc periodicals, such as Journal of the American Chemical Society, is applied to writing laboratory reports.

mass (g)  volume (mL)  density (g/mL)
# of moles  [volume (mL)  density (g/mL)] / MW (g/mol)
Example: We start a reaction with 20 mL of 1-butanol. How many grams
and moles does this represent?
Solution: 1-butanol: d  0.810 g/mL, MW 74 g/mol
mass (g)  20 mL  0.810 g/mL  16.2 g
# of moles  (20 mL  0.810 g/mL) / 74 g/mol  0.219 mol
Conversion of Concentration to Mass for a Solute
The calculation for the amount of solute in a solvent depends on the type of solution used. The concentration of the solute may be given in several diﬀerent sets of
units, such as weight/weight (w/w), weight/vol (w/v), and volume/volume (v/v).
We shall only be dealing with w/v relationships, which can be expressed in terms
of molar concentrations or as mass of solute per unit volume of solvent.
a.

Concentrations expressed in terms of molarity: If the molar concentration of the
solute is known, then the following equation is applicable:
Solute mass  M  V  MW
M  solute molarity in mol/L
V  volume of solution in L
MW  molecular weight of solute in g/mol
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Solution: Mass NaOH  3.5 mol/L  0.100 L  40 g/mol  14 g
b.

•
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Example: Calculate the amount of sodium hydroxide present in 100 mL of a
3.5 M solution of NaOH in water.

Dilution: To calculate the volume of a concentrated solution needed to make
a speciﬁed volume of a less concentrated solution, use this equation:

Chapter 1

M1V1  M2V2
Where M1 and V1 are the initial concentration and volume, and M2 and V2
are the ﬁnal concentration and volume.
Example: Starting from 12 M HCl, how would you make 100 mL of 1 M
HCl?
Solution: Use the equation
M1V1  M2V2
12 mol/L  V1  1 mol/L  100 mL
V1  100 mL/12  8.3 mL
We use 8.3 mL of the concentrated acid solution and add it to the
water to make 100 mL 1 M HCl.
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c.

Weight/Volume solutions: In these solutions, the concentration is expressed in
terms of mass of solute per volume of solution. The following equation is
used:
Solute weight  C  V
C  concentration of solute in g/L
V  volume in L
Example: Calculate the number of moles present in 250 mL of a solution
with a concentration of 240 g of methanol (CH3OH, MeOH) in
1000 mL of solution.
Solution: Mass of MeOH  (240 g of MeOH/1000 mL)  250 mL  60 g
of MeOH
# of moles of MeOH  60 g/(32 g/mol)  1.875 mol

a.

Determination of % recovery: In a puriﬁcation procedure, such as a recrystallization, distillation, or sublimation, the amount of pure material recovered will
necessarily be smaller than the amount of impure material you started with.
The % recovery is calculated by the following formula:
% recovery  (g of pure material/g of impure material)  100 %
Example: Calculate the % recovery for the following: 2.5 g of anthracene
were recovered after recrystallization of 4 g of an impure anthracene sample.
Solution: % recovery  (2.5 g/4 g)  100 %  62.5 %

b.

Determination of the theoretical yield: Several steps are necessary to calculate
the theoretical yield of a reaction. As an example, we consider the acid-catalyzed esteriﬁcation of 5 g of glutaric acid with 100 mL of ethanol.
1.

First we have to balance the equation:
2 moles of ethanol are needed to convert each mol of diacid to the diester.
H

HOOC–CH2CH2CH2–COOH  2 CH3CH2OH ⎯→
diacid
CH3CH2–OOC–CH2CH2CH2–COOCH2CH3
diester

The Why and How of a Laborator y Notebook

Percent Yield
Several distinct types of yield calculations are used in organic chemistry lab, always expressed in percentages. The simplest of these yield calculations is the %
recovery; for example, in a recrystallization. In reactions, the quantity of material
that can be obtained based only on stoichiometry is called the theoretical yield.
Organic reactions, however, rarely proceed to completion as shown in the balanced equation. Competing reactions can consume some of the starting materials,
thus reducing the amount of product obtained. In addition, many organic reactions involve equilibrium processes or can proceed rather slowly, and signiﬁcant
amounts of starting materials might still be present at the “end” of the reaction.
The amount of material obtained is called yield. A measure of the eﬃciency of a
particular reaction is the % yield.
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Calculate the number of moles of each starting material and determine
the limiting reagent. This information can be added to the equation as
follows:

Chapter 1

•

HOOC–CH2CH2CH2–COOH  2 CH3CH2OH
5g
100 mL
MW 132
MW 46
0.0379 mol
d 0.785 g/mL
1.706 mol

H

⎯→

CH3CH2–OOC–CH2CH2CH2–COOCH2CH3
MW 188
Yield 5.80 g

glutaric acid: # moles = 5 g #

1
= 0.0379 mol
132 g/mol

ethanol: # moles = 100 mL # 0.785 g/mL #

1
= 1.706 mol
46 g/mol

2.

Next, we determine the limiting reagent by examining the stoichiometry
of the reaction. Two moles of ethanol are required for each mol of glutaric acid, therefore (0.0379 mol  2)  0.0758 moles of ethanol would
be needed. The ethanol is present in large excess, and thus the glutaric
acid is the limiting reagent.

3.

Third, we calculate the theoretical yield based on the limiting reagent
and the molar ratio between the limiting reagent and the product. In this
case, one mol of glutaric acid leads to one mol of diethyl glutarate, a 1/1
ratio:
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Theoretical yield  # mol of limiting reagent  (mol product/mol starting material)  MW product
Theoretical yield  0.0379 mol  (1/1)  188 g/mol  7.12 g
c.

Determination of the actual yield: The actual yield is determined by the direct
weighing of the product, in this case, 5.80 g.

d.

Determination of percentage yield: The percentage yield is given by the following equation:
% Yield  (actual yield/theoretical yield)  100 %
% Yield  (5.80 g/7.12 g)  100 %  81.5 %

Glassware
In addition to the beakers and Erlenmeyer ﬂasks that you used in your previous
labs, organic chemists use a basic set of specialized glassware. This glassware exists in diﬀerent sizes. The amount of chemicals you use determines the size of the
glassware you will use.
Most organic chemistry lab students use a basic assembly of microscale glassware.
Why is it called microscale? The reactions are run on a much smaller scale in a
teaching environment than in a research or industrial laboratory, where scientists
are trying to make large quantities of material for commercial use. The quantities
of starting material used in a teaching lab are usually on the 100–500 mg scale. The
advantages of smaller-scale experiments are multifold: it is less dangerous when
students are working with smaller amounts, running the lab is less expensive, less
waste is generated, and it is more ecologically responsible. In research and industrial laboratories the size of the experiment can vary from <1 mg to several kilos.
Glassware used in organic labs has glass joints that ﬁt together very tightly and are
used for eﬃcient coupling of diﬀerent pieces of glassware. You can even pull a high
vacuum on an apparatus with glass joints once it is properly assembled. It is essential that both the male and female joints be of exactly the same size to achieve
a tight ﬁt and not break glassware. The size of a joint is deﬁned by both the width
S (Figure 1-2).
and the length of the joint in mm, and is called Standard Taper T
The ﬁrst number refers to the diameter of the largest part of the ground joint, in
millimeters, while the second number refers to the length of the ground joint. For
S is 7/10. Small-scale glassware (50–100 mL) is usually
microscale glassware, the T
S 14/20, while intermediate size glassware is T
S 19/22 (250–500 mL). Really big
T
S
glassware has really large joints, such as T 45/50.

©Hayden-McNeil, LLC

Figure 1-2. Example of ground glass joints.
The basic piece of glassware in an organic lab is the round-bottom ﬂask. Its convenient shape allows for eﬀective stirring and it can be placed under vacuum if necessary. A variation of the round-bottom ﬂask is the conical vial found in many microscale assemblies. Microscale glassware, used in many teaching laboratories, has
an O-ring and a screw cap to simplify assembly of the small pieces of glassware.

Basic Lab Techniques
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Screw cap
O-ring

•

Male glass joint
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Female glass joint

©Hayden-McNeil, LLC
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Figure 1-3. Microscale connector.
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Other pieces of glassware will be introduced as new techniques are discussed. Treat
all this glassware with great care. To prevent glass joints from getting stuck during the experiment (“frozen”), the joints are to be lubricated using a very small
amount of stopcock grease. Make sure you disassemble the ground glass joints
before storing.
Clean Glassware
Glassware can usually be cleaned easily if it is cleaned immediately. It is good
practice to do your “dishwashing” right away. With time, the organic tarry materials left in a container dry out and really get stuck, or worse, they begin to attack
the surface of the glass. The longer you wait to clean glassware, the more diﬃcult
it will be to clean it eﬀectively. Here are various options:
•

A variety of soaps and detergents are commercially available for washing
glassware. They can be tried ﬁrst when washing dirty glassware.

•

Organic solvents are often used, since the residue remaining in dirty glassware is likely to be soluble in an organic solvent. Acetone is the most common
solvent used for this purpose. Acetone is a very good, inexpensive solvent with
high volatility, so it is easy to remove any last traces of acetone by blowing air
through the glassware. Warning: acetone is very ﬂammable.

•

More aggressive methods such as a base or acid bath can be used if necessary. These methods are common in research labs, but are not often used in a
teaching laboratory. Most of these are very caustic and therefore dangerous.
A “base bath” is a mixture of KOH, some water, and lots of isopropyl alcohol,
while an “acid bath” is usually chromic acid, a mixture of sodium dichromate
and sulfuric acid. Less dangerous equivalents of the latter are commercially
available. Use extreme caution with any of these options.

•

Digital thermometers are a rather novel addition to the organic lab, but are
much safer than many of the other options. The temperature range of a digital
thermometer is from –20 °C to 200 °C, but some thermometers can have a
range up to 400 °C. The temperature range of the thermometer has to match
the reaction conditions, and the temperature probe has to be resistant to the
reaction conditions. For example, some probes might not be able to withstand
concentrated acid conditions.

•

Mercury thermometers were the mainstay of all laboratories for a very long
time. They have a wide temperature range, up to 300 °C. Due to the fragility
of these thermometers, coupled with the toxicity of mercury that is released
upon breakage, many labs have minimized the use of these thermometers. In
case of breakage, make sure you notify the appropriate personnel to clean up
the mercury spill.

•

Alcohol thermometers can also be used, though they have a limited temperature range of up to 110 °C. They are also fragile, but the contents are
non-toxic.

Practical Tips
• The temperature readings are only as accurate as the thermometer you use. It
is good practice to occasionally calibrate a thermometer. The easiest calibration method is to double-check the 0 °C reading by dipping the thermometer
in an ice bath.
•

The thermometer can also be checked by measuring the melting point of
known pure compounds. Examples are benzoic acid (mp 122.5 °C) and salicylic acid (mp 159 °C).

•

Mercury thermometers measure the temperature by measuring the expansion
of the heated mercury in the thermometer; however, only the bottom part of
the thermometer is subjected to this temperature, which can cause accuracy
problems. Modern mercury thermometers are “corrected,” which means that
the thermometer has been calibrated with part of the thermometer immersed
in the liquid to be measured. If you look closely at the thermometer, you see
an etched line ~7 cm from the bottom of the thermometer: this is the emergent stem line; the thermometer should be immersed in the liquid to this
level to get an accurate temperature reading.

•

Some thermometers are calibrated for full immersion use, such as in heating
baths. In this case there will not be an etched emergent stem line.

Basic Lab Techniques

Thermometers
Temperature can be measured using diﬀerent kinds of thermometers.
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Thermometers can also have ground glass joints (taper joints), as shown in
Figure 1-4, for use with ground glass equipment for easy assembly.
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Taper glass joint

Emergent stem line
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Figure 1-4. Diﬀerent styles of thermometers.
Weighing Samples
For most experiments, starting materials and/or products have to be weighed.
These can be either liquids or solids.
To weigh solids, the following steps are recommended:
•

If you need an accurate measurement, a balance that reads at least to the
nearest decigram (0.01 g) is needed. In organic labs, balances accurate to the
milligram (0.001 g), or even tenth of a milligram (0.0001 g), are common.

•

Place the round-bottom ﬂask or Erlenmeyer ﬂask that you are going to use
for the experiment in a small beaker, and take these with you to the balance.

Don’t weigh directly into the reaction ﬂask. Instead, place on the balance pan
a piece of weighing paper that has been folded once. The fold in the paper will
assist you in pouring the solid into the ﬂask without spilling. Tare the paper;
that is, determine the paper’s weight or push the “zero” feature on the balance.

•

Use a spatula or scoopula to transfer the solid to the paper from the bottle,
and weigh your solid on the paper. Don’t pour, dump, or shake a reagent from
a bottle.

•

Weigh the solid and record the weight.

•

Transfer the solid from the paper to your ﬂask before heading back to your
bench. Having the ﬂask in a beaker serves two purposes: it keeps the ﬂask
from toppling over, and the beaker acts as a trap for any spilled material.

•

It is often not necessary to weigh the exact amount speciﬁed in the experimental procedure. It is, however, very important to know exactly how much
material you have. For example, if you obtain 1.520 g of a solid rather than
the 1.500 g speciﬁed in the procedure, the actual amount weighed is recorded
and the theoretical yield will be calculated using that amount.

To weigh liquids, the procedure is slightly diﬀerent.
•

Weigh the empty reaction ﬂask.

•

Calculate the volume of liquid needed based on the density.

•

Use a syringe or pipet to measure the liquid and transfer it to the reaction
ﬂask. It is essential to use a clean pipet or syringe to draw the liquid from the
bottle. Don’t contaminate the bottle! Another option is to pour an approximate amount of liquid into a beaker and transfer the reagent from the beaker
to the reaction ﬂask using the syringe or pipet.

•

Weigh the reaction ﬂask again to determine the amount of reagent in the
ﬂask. Again, the most important thing is to know how much material you
start with rather than matching the exact amount given in the procedure. The
amount should be in the same range as the given procedure.

Measuring Volumes
The method used to measure a volume largely depends on the accuracy needed. In
the organic chemistry laboratory, some volumes are very important while others
are not as crucial. An analogy is cooking spaghetti: when you cook the spaghetti,
you don’t have to worry about measuring the exact amount of water used: the
amount of water should be large enough so that the spaghetti doesn’t stick, but you
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Beakers or Erlenmeyer ﬂasks should never be used to measure an accurate volume,
as the volume markers on this glassware are not at all exact. Volumetric cylinders
are more accurate and are often used to measure rather large amounts. The volume
has to be read correctly; the exact volume corresponds to the bottom of the meniscus. For more accurate measurements, use graduated pipets or syringes. For small
volumes, syringes are very accurate and convenient. Figure 1-5 shows methods for
measuring volumes.
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don’t want to use too much water because then it will take forever to boil. When
it comes to the spaghetti sauce, however, it is important to have a more exact measurement of the salt you add, or the results could be disastrous. The same is true
in the organic chemistry laboratory: some amounts have to be exact, while others,
like the amount of solvent used in reﬂuxing (boiling) a reaction mixture, do not, as
long as you are in the correct concentration range.

reading 88.6 mL

7

60

8

2
9

1

volumetric
cylinder

10
10

graduated
pipet

Figure 1-5. Methods for measuring volumes.

syringe

Many alternatives to Bunsen burners exist, such as:
•

Heating mantles: These units are designed to heat round-bottom ﬂasks of
varying sizes. The inside is usually fabricated from a mesh material, and the
heating controls are built into the unit.

•

Thermowells: They have a ceramic cavity designed for a speciﬁc size ﬂask; a
250-mL thermowell is very common. The thermowell has to be connected
to a rheovac, which controls the power and therefore the temperature of the
ﬂask. To adapt to smaller glassware, sand can be placed into the well. Just
remember to use a minimum amount of sand, as sand is a bad conductor of
heat (Figure 1-6).

•

Hot plates with or without magnetic stirring: Hot plates can be used to heat
ﬂat-bottomed containers. NEVER heat a round-bottom ﬂask directly on a
hot plate: you are heating only one little part of the ﬂask that way, creating a
lot of stress on the glass leading to failure; the ﬂask can break and not only do
you have shattered glass, you have a shattered experiment, as well! Erlenmeyer
ﬂasks, beakers, and crystallizing dishes can be heated on hot plates.

•

Water baths with hot plate/stirrer: This heating method can be used if the
required temperature is below 100 °C. Water baths are very convenient because they are non-toxic and non-ﬂammable, and the temperature is rather
easily maintained.

•

Sand baths with hot plate/stirrer: This heating method can be used for higher temperatures. Keep in mind that sand is a poor heat conductor; therefore,
a minimal quantity of sand should be used.

•

Oil bath with hot plate/stirrer or heating coil: Diﬀerent kinds of oil can be
used, each with diﬀerent heat stability. The more expensive silicone oils are
more heat resistant. With cheaper Ucon oils, you have to keep in mind that
they are ﬂammable.

•

Aluminum block with hot plate/stirrer: An aluminum block is specialized equipment often found in teaching labs that use microscale glassware
(Figure 1-6).
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Heating Methods
Many organic reaction mixtures need to be heated in order to complete the reaction. In general chemistry, you might have used a Bunsen burner (open ﬂame) for
heating because you were dealing with non-ﬂammable aqueous solutions. In an
organic chemistry lab, however, you must heat non-aqueous solutions in highly
ﬂammable solvents. In general, you should never heat organic mixtures with a
Bunsen burner.

23

Steam baths: These have fallen into disuse, as hot plates and other methods
are much more convenient. Older labs were often equipped with steam lines.
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Figure 1-6. Heating methods.
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Cooling Methods
Some reactions are highly exothermic and therefore should be run at a low temperature. Low temperatures may also be necessary to control reaction products.
Cooling solutions can also increase the yield of crystals in a recrystallization.
Cooling of a solution might have to occur slowly or quickly, depending on the
circumstances.
A cold bath can be any of various containers, such as beakers or crystallizing dishes. Dewar ﬂasks are double-walled insulated containers, which maintain a low
temperature for a much longer period than a simple beaker.
Depending on the temperature needed, diﬀerent cooling methods are used:
•

Ice/water baths are the simplest and are used to maintain temperatures between 0 and 5 °C. Finely-shaved ice is most eﬀective, but has to be mixed with
water, as ice alone is an ineﬃcient heat transfer medium.

•

Ice/salt mixtures (3 parts ice/1 part NaCl) can reach a temperature of –20 °C.

•

Acetone/dry ice or isopropyl alcohol/dry ice mixtures maintain a temperature
of –78 °C.

•

Liquid nitrogen is at –195.8 °C or 77.3 K.

•

Dewar ﬂasks should be used for the last two cooling methods, because these
low temperatures are diﬃcult to maintain.

•

Use caution when handling either dry ice and liquid nitrogen: insulated
gloves should be worn to grab a block of dry ice, and safety glasses or goggles
are a necessity when ﬁlling Dewar ﬂasks with either dry ice or liquid nitrogen.

•

A water aspirator is cheap and eﬀective, but limited by the vapor pressure
of water at room temperature. Therefore, the maximum vacuum that can be
obtained with a water aspirator is ~15 mmHg, depending on the temperature
of the water.
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Generating a Vacuum
In many instances, such as vacuum distillation or sublimation, lower pressures are
necessary to run an experiment. How do we generate a vacuum? It depends how
low the pressure has to be. To obtain low-pressure, vacuum conditions, one of the
following methods can be used:

Water aspirators connected to the city water supply have one major disadvantage: as the water is washed down the sink, trace amounts of the solvent
being evaporated are swept down the drain and into the sewage system. The
use of water aspirators can lead to pollution, and in some jurisdictions, water
aspirators are not allowed.
Self-contained water aspirators are commercially available. These systems
have their own water supply and minimize water waste. The advantage is that
contaminated water is contained and can be disposed of properly as chemical waste. The other advantage is that the water bath can be cooled with ice,
which results in a better vacuum and lower pressure (Figure 1-7).
water in

connect to faucet

vacuum connection

water out
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Figure 1-7. A vacuum aspirator and a self-contained system.
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For lower pressures, vacuum pumps can be used. These vary from little mechanical pumps to high vacuum oil pumps. Pressures of as low as 0.01 mmHg
can be obtained with these vacuum pumps. Some laboratories might have
house vacuum.

•

When using vacuum, you must always install a cold trap. The trap is cooled
with either a dry ice mixture or liquid nitrogen, to trap unwanted vapors
before they reach the pump. The content of the trap should be disposed of as
chemical waste.

Filtration
There are two basic forms of ﬁltration: gravity ﬁltration and vacuum ﬁltration.
Either one of these can be performed at room temperature or at high temperature
(hot ﬁltration).
Let’s deal with room temperature ﬁltration ﬁrst. If the material to be ﬁltered is
rather granular, gravity ﬁltration works just ﬁne. For example, removing a drying
agent from 50 mL of a solution is easily accomplished using gravity ﬁltration. The
setup for gravity ﬁltration is shown in Figure 1-8. An Erlenmeyer ﬂask or ﬁltration ﬂask is equipped with a funnel. The funnel is supported by an O-ring. A ﬁlter
paper is placed in the funnel; it can be either ﬁtted or ﬂuted (see Figure 1-8). The
ﬂuted ﬁlter paper results in a larger surface and faster ﬁltration. Overall, gravity
ﬁltration is rather slow.
Vacuum ﬁltration is an eﬀective method for ﬁltering powders in large or small
amounts, and it is faster than gravity ﬁltration. A Büchner funnel with a ﬁlter
paper is used in conjunction with a ﬁlter ﬂask, as shown in Figure 1-9. Büchner
funnels are made either of porcelain or plastic. A ﬁlter ﬂask has a side arm and,
because it has to withstand vacuum, it is made of durable, thick glass. A neoprene
adapter or a rubber stopper with a hole is used to form the seal between the funnel and the ﬁlter ﬂask. The setup is connected to the house vacuum or any other
source of vacuum, like a water aspirator or vacuum pump, with a thick-walled
vacuum hose.
For microscale ﬁltration (<20–300 mg), a Hirsch funnel is more appropriate, because it minimizes product losses (Figure 1-9). It is made of porcelain and ﬁtted
with a small ﬁlter paper. A neoprene adapter is used to form the seal with the ﬁlter
ﬂask. The ﬁlter ﬂask is connected to the vacuum source.
For really small amounts (<50 mg), use a Craig tube, which is described in the
section on Recrystallization (Chapter 3).
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Figure 1-8. Gravity ﬁltration.
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Figure 1-9. Vacuum ﬁltration.
To remove drying agent or other solids from microscale solutions (<10 mL solution), Pasteur pipets ﬁtted with cotton plugs are very eﬃcient and help minimize
loss of material (Figure 1-10). The Pasteur pipet is suspended and a small cotton
ball is inserted right at the narrowing of the pipet. Don’t use too much cotton, or
glass wool, as it will act as a plug and slow down ﬁltration signiﬁcantly. You want
just enough cotton to hold back the solids.
For even smaller volumes to be ﬁltered (<1 mL), a ﬁlter pipet can be used in which
a little bit of cotton is forced in the narrow part of the Pasteur pipet using a thin
copper wire (Figure 1-10). This ﬁlter pipet can be used relying on gravity, or the
solution can be forced through the cotton plug by applying pressure using a pipet
bulb. This ﬁlter pipet can also be used to pipet liquid out of a solid/liquid mixture,
leaving the solid behind; it is almost like a reverse ﬁltration.
And now let’s discuss hot ﬁltration. Hot ﬁltration is most commonly used when
purifying a compound by recrystallization (see Chapter 3). The compound X to
be puriﬁed is soluble in a solvent at high temperature, while the impurity Y is
not. The most eﬃcient way of removing the impurity Y is to ﬁlter the solution
hot, while compound X is in solution. Any of the techniques described above for
room temperature ﬁltration, vacuum and gravity, can be used for hot ﬁltration. The
complicating factor is that compound X will most probably crystallize out as the
solution cools during ﬁltration. Because vacuum ﬁltration is fast, it can be used to

Practical Tips
• Use the appropriate size ﬁlter paper to exactly ﬁt the Büchner or Hirsch funnel.
For vacuum ﬁltration, ﬁrst turn on the vacuum, then wet the ﬁlter paper with
a minimum amount of solvent before pouring the solution on the ﬁlter: this
helps the paper to form a nice seal with the Büchner or Hirsch funnel.

Pasteur pipet
with cotton plug

cotton plug
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Figure 1-10. Micro-ﬁltration.
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avoid this problem. Another option is to keep the ﬁlter, and therefore the solution,
warm; specialized equipment has been developed over the years to achieve this,
but it can be as simple as insulating the ﬁlter with cotton wool.
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Use vacuum tubing for vacuum! Vacuum tubing has very thick rubber walls
so the tubing won’t collapse on itself when submitted to vacuum. If you use
tygon tubing, normally used for cooling water, the tubing will immediately
collapse, and you won’t achieve any suction.

•

Use a cold trap between a vacuum pump and the ﬁlter ﬂask. If using a water
aspirator, an empty trap prevents water from backing up into your ﬁltration
ﬂask.

•

Make sure you securely clamp the ﬁltration ﬂask. They tend to be very topheavy and tip over very easily.

•

Leave the vacuum on for a while after you ﬁnish the ﬁltration; this way, you
pre-dry the crystals thanks to the continuing air ﬂow.

•

Always disconnect the ﬁltration ﬂask before turning oﬀ the vacuum.
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Basic Reaction Setup
There are a variety of basic reaction setups to choose from, and the setups you use
depend on the purpose of the procedure and also on the scale. For large quantities,
>50 g or mL, “standard” scale glassware is used, and these glassware pieces usually
have ground glass joints for easy assembly (see Figure 1-2). For miniscale (<50 g)
or microscale (<1–2 g) procedures, smaller versions of this glassware are used, but
the basic principles are the same. The microscale glassware in particular is very
compact, and the ground glass joints are equipped with O-rings and screw caps
for easy assembly (Figure 1-11). The microscale setups will be discussed if they are
signiﬁcantly diﬀerent from the macro- or miniscale setups.

Screw cap
O-ring
Male glass joint
Female glass joint

©Hayden-McNeil, LLC

Figure 1-11. Microscale round-bottom ﬂask.

Reﬂux
Many reaction mixtures have to be heated for the reactions to proceed at a reasonable rate. The solvent is usually chosen so that its boiling point coincides with the
ideal reaction temperature. If you heat the mixture to reﬂux, you are assured of a
constant appropriate temperature. For example, if you want a reaction temperature
of ~60 °C, tetrahydrofuran is a very appropriate solvent (bp 65 °C), but if you want
slightly above 100 °C, toluene would be a great choice (bp 110 °C).
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The setup for a reaction should be adapted to the speciﬁc circumstances. The size
of the glassware used is determined by the size of the reaction. Will the reaction
be cooled or heated? Will the reaction need protection from air? Is it moisturesensitive? Is it oxygen-sensitive? Is the solvent volatile? Will reagents be added
during the reaction? The answers to these questions will help you decide on the
particular apparatus to use. We discuss a few simple setups here, which can be
modiﬁed depending on the circumstances.

7 6
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reflux setup with water bath

Figure 1-12. Reﬂuxing.
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To achieve reﬂux (boiling), a round-bottom ﬂask is equipped with a reﬂux condenser and the mixture is heated. The detailed setup again depends on the size.
The round-bottom ﬂask should be at least twice the size of the total volume of the
reaction. The reﬂux condenser is water-cooled, or can be air-cooled if you are using
a very high boiling solvent and reagents.
To prevent bumping, boiling chips or boiling stones should always be added to the
solution. Always add the boiling chips before heating the solution. Boiling chips
are usually carborundum (compound of carbon and silicon), which is chemically
inert. The boiling chips are porous; liquid migrates inside the pores and gets heated, forming bubbles. The chips also provide sharp edges for the bubbles to form; a
glass round-bottom ﬂask is just too smooth for eﬀective bubble formation, which
can lead to overheating of the solution. A stir bar can also serve as a nucleation
point for bubble formation.
Controlled Atmosphere
Many reactions are very sensitive to moisture or oxygen or both. Anhydrous conditions can be maintained using a drying tube. A glass tube ﬁlled with a drying
agent will prevent any moisture from contaminating the reaction. This drying tube
is most often placed on top of a reﬂux condenser.
The drying tube can take many forms: it can have a glass joint, or it can be connected using a thermometer adapter. It can be as simple as a Pasteur pipet ﬁlled
with drying agent, with cotton plugs at both ends. Some examples are shown in
Figure 1-13.
In case of anhydrous reactions, the glassware is oven-dried prior to assembly or
ﬂame-dried using a large Bunsen burner.
If a reaction is even more sensitive and cannot be exposed to air, the reaction has
to be run under nitrogen or argon. After ﬂushing the setup with the inert gas, it
is advisable to maintain a positive pressure. Continuously passing the inert gas
through the reaction results in excessive evaporation of any volatile material, solvent or reagent. As shown in Figure 1-13, in this case a Claisen head can be used,
one end of which is equipped with a reﬂux condenser. The other end is linked to
a gas cylinder via a glass T joint. The third end of the T is connected to a bubbler.
Before the reaction is started, the reaction ﬂask is ﬂushed with the inert gas: it goes
in through the Claisen head and exhausts through the reﬂux condenser. Once the
reaction has started, the reﬂux condenser is capped oﬀ with a septum, and positive pressure is maintained on the system by the oil present in the bubbler. A slow
bubble rate ensures that no outside air can enter the reaction setup.

cotton plug at bottom
thermometer adapter
with O-ring
H2O out

H2O out

H2O in

H2O in

septum
adapter

glass T
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Figure 1-13. Reactions run in anhydrous conditions.
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Addition of Reagents During the Reaction
Sometimes all reagents can be mixed at the beginning of a reaction, but at other
times one or more of the ingredients have to be added at a slow and controlled
rate. Liquids can be added using either an addition funnel or a syringe. Again,
the detailed setup depends on the size of the reaction. Flasks with multiple necks
(joints) or Claisen heads can be used to accomplish these additions.

34

For rather large-scale reactions, a three-neck ﬂask is very commonly used. One
arm is equipped with a reﬂux condenser, while another can be used for an addition funnel. The reagent, or a solution of the reagent, can be added at a very slow
rate using the stopcock of the addition funnel. The addition funnel often has a
pressure-equalizing tube so that it can be stoppered. The third neck of the ﬂask is
commonly stoppered, but could be used for other purposes if necessary. A common setup is shown in Figure 1-14.
For microscale setups, the situation is a bit more complicated (Figure 1-14). Because the round-bottom ﬂasks are so small, it is not practical to have more than
one neck. Claisen adapters provide the added arms necessary for addition and
reﬂux. In this case a syringe is used instead of an addition funnel because the
syringe accommodates the smaller quantities and provides control of the addition
rate. The Claisen head can be either below or above the reﬂux condenser, depending
on the circumstances.
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Figure 1-14. Addition of reagents.
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Dealing with Noxious Fumes
Often reactions result in noxious fumes. To keep the atmosphere in the laboratory
at a tolerable level, these reactions have to be vented in an eﬃcient manner.
For large-scale reactions and in research laboratories, all reactions should be done
in the hood. However, some chemicals should not be vented into the atmosphere.
For example, if HCl is formed during a reaction, this acid should be neutralized
and not sent up the hood. To accomplish this, the outgoing gas stream is sent
through a neutralizing solution, which can be in a trap or an Erlenmeyer ﬂask
(Figure 1-15).
In a teaching laboratory environment, the number of hoods is often limited and it
is not possible for all students to run their reactions in those hoods; the hoods’ use
is limited to dispensing of reagents and collection of waste. In this case, a small
funnel mounted above the reﬂux condenser and connected to an in-house vacuum
can alleviate many of the pollution problems in the laboratory.
tubing
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Figure 1-15. Controlling noxious fumes.

Solvents play several crucial roles in the organic chemistry laboratory. They are
used to dilute the reagents in reactions, to control the reaction temperature (reﬂux), to recrystallize compounds, and in chromatographic applications, just to
name a few. It is essential to have a sound understanding of the role of the solvent,
as well as of the interactions of the solvent with the reagents and solutes. The following section aims to clarify these issues.

Solvents

Solvents

Melting and Dissolving
What is the diﬀerence between melting and dissolving? Even though these two
terms are often used interchangeably in common English, in a chemistry laboratory the two are fundamentally diﬀerent. A candy that melts in your mouth
doesn’t really melt; it actually dissolves in your saliva (water)—unless it is chocolate, of course!
Melting is a phase transition a solid undergoes when heated. On a molecular level,
the regular crystal structure of the solid is lost when the solid melts, but the intermolecular distance between the molecules doesn’t really change a lot.
Dissolution of a solid, however, is very diﬀerent. When a solid is dissolved in an
appropriate solvent, the solvent molecules surround each individual molecule or
ion. The same is the case when a liquid is dissolved in a solvent. The ability of a
particular solvent to dissolve a particular solute depends on the intermolecular
forces between the solvent and solute molecules.
Melting
Heat
solid sample
(crystalline or
amorphous)

liquid sample

Dissolving
Add solvent
solid sample

dissolved sample
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Figure 1-16. Diﬀerence between melting and dissolving.
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Polarity and Intermolecular Forces
The polarity has a signiﬁcant inﬂuence on the ability of a speciﬁc solvent to dissolve a speciﬁc solute (the dissolved compound). The fact that a compound dissolves in a solvent shows that there are interactive forces between the two kinds
of molecules. For example, water is a good solvent for both table salt (NaCl) and
for table sugar (sucrose), but on a molecular level this is due to completely different intermolecular forces: NaCl will dissolve because of ion–dipole attractive
forces between the Na cations and the Cl anions with the dipoles of water, while
sucrose dissolves mostly because of the hydrogen bonding between the sugar and
the water molecules. Intermolecular forces are the forces of attraction that exist between molecules in a compound, and therefore they aﬀect the solubility of
one substance in another. Intermolecular forces are generally much weaker than
covalent bonds. Here are the diﬀerent kinds of intermolecular forces in order of
decreasing strengths (Figure 1-17):
•

Electrostatic forces occur between charged species, cations and anions, and
are responsible for the extremely high melting and boiling points of ionic
compounds and metals.

•

Hydrogen bonding: a hydrogen atom in a polar bond (e.g. H–F, H–O or
H–N) can experience an attractive force with a neighboring electronegative
molecule or ion that has an unshared pair of electrons (usually an O or N
atom on another molecule).
Hydrogen bonds are considered to be dipole–dipole interactions (see following pages) and are quite polar. The hydrogen atom has no inner core of
electrons, so the side of the atom facing away from the bond represents a
virtually naked nucleus. This positive charge is attracted to the lone pairs of
an electronegative atom in a nearby molecule. Hydrogen bonds vary from
~4–25 kJ/mol, so they are weaker than typical covalent bonds. But they are
stronger than dipole–dipole and/or dispersion forces. Hydrogen bonds are
extremely important in the organization of biological molecules, especially in
inﬂuencing the structure of proteins.
A very good example of hydrogen bonding is H2O. It is unusual in its ability
to form an extensive hydrogen bonding network. Each water molecule can
participate in four hydrogen bonds, one with each non-bonding electron pair
of oxygen and one with each H atom. The boiling point of water illustrates
the dramatic eﬀect of hydrogen bonding on boiling points. Water has a molecular weight of 18 g/mol and a boiling point of 100 °C. The alkane nearest
in size is methane; with a molecular weight of 16 g/mol, methane boils at
–167.7 °C! There is no hydrogen bonding in methane.
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Figure 1-17. Intermolecular forces.
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Ion–dipole forces involve an interaction between a charged ion and a polar
molecule (a molecule with a dipole). Cations are attracted to the negative
end of a dipole, while anions are attracted to the positive end of a dipole. The
magnitude of the interaction energy depends upon the charge of the ion, the
dipole moment of the molecule, and the distance from the center of the ion
to the midpoint of the dipole. Ion–dipole forces are important in solutions of
ionic substances in polar solvents, such as table salt in aqueous solution.

•

Dipole–dipole forces: Polar covalent molecules, such as aldehydes and ketones, have the ability to form dipole–dipole attractions between molecules.
Polar covalent bonds act as little magnets; they have positive ends and negative ends which attract each other. Polar molecules attract one another when
the partial positive charge on one molecule is near the partial negative charge
on the other molecule. The polar molecules must be in close proximity for the
dipole–dipole forces to be signiﬁcant. Dipole–dipole forces are characteristically weaker than ion–dipole forces and increase with increasing polarity of
the molecule.

•

London forces: All molecules have the capability of generating London
forces. Non-polar molecules would not seem to have any basis for attractive
interactions, but Fritz London (1930) suggested that the motion of electrons
within an atom or non-polar molecule can result in a transient dipole moment. London forces are solely dependent on the surface area and the polarizability of the surface of the molecule. These are the only types of forces that
non-polar covalent molecules experience. They result from the movement of
the electrons in the molecule, which generates temporary positive and negative regions in the molecule.
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The hydrogen bonding ability of water allows it to eﬀectively dissolve chemical compounds with hydrogen bonding ability, such as the sucrose mentioned
previously.
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Solubility and Solvent Strength
The common adage “like dissolves like” is valid in many instances, but many other
situations can also occur. “Like dissolves like” implies that a solvent is eﬀective as a
solvent if it has a similar structure to the solute. For example, 1,3-dichlorobenzene
is very soluble in chloroform.
Based on our knowledge of the possible intermolecular forces, we can easily conclude that the solvent can also be very diﬀerent from the solute and still be an
eﬀective solvent. Acetone, for example, dissolves such disparate compounds as
sodium iodide, acetic acid, benzene, and hexane.

A word of warning: Avoid contact with organic solvents as much as possible.
Upon repeated or excessive exposure, some may be toxic or carcinogenic (cancercausing), or both. It is also essential to remember that most organic solvents, with
the exception of the chlorinated solvents, are ﬂammable and ignite if they are
exposed to an open ﬂame or a match.

Solvents

Many reactions are run in solution to bring the reactants together and to control
the reaction conditions. Solvents are also used in puriﬁcation and isolation techniques. For all these applications, it is essential to clearly understand the properties
of the solvent used.

The polarity is a crucial factor when a solvent has to be chosen for any application,
be it as the solvent for a reaction, or for extraction, chromatography, or recrystallization. Table 1-2 lists the properties of many common solvents. The dielectric
constant  is a good measure for the polarity of the solvent. Other factors to be
considered are the boiling point, melting point, and the density of the solvent.
Also, is it ﬂammable? Is it toxic? Is it inexpensive?

Cpd A

Cpd B
©Hayden-McNeil, LLC

Solubility (g/mL solvent)

Diﬀerent compounds will have unique solubility behavior in various solvents (Figure 1-18). As a rule, solubility will increase with temperature, but exceptions to
this rule are known: for example, the solubility of NaCl in water does not really
increase with increasing temperature.

Temperature (°C)

Figure 1-18. Solubility curve.
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Dielectric
Constant
()

80

33

24

21

9

7.6

Solvent

Water H2O

Methanol CH3OH

Ethanol CH3CH2OH

Acetone (CH3)2CO

Dichloromethane
CH2Cl2

Tetrahydrofuran
(CH2)4O
66

40

56

78

65

100

bp
(ºC)

Table 1-2. Properties of Common Solvents

–108

–97

–95

–117

–98

0

mp
(ºC)

0.89

1.34

0.79

0.81

0.81

1.0

Density
(g/mL)
Comments
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Very polar solvent
Dissolves almost any organic compound
Highly polar solvent for chromatography
Very ﬂammable

•
•
•
•

Extremely versatile solvent
Medium polarity
Reasonably chemically inert
Available in anhydrous form

• Very good solvent for chromatography, extractions, and
recrystallization
• More polar than chloroform
• Not ﬂammable

•
•
•
•

• Very versatile solvent
• Higher boiling than methanol
• Less polar than methanol

• Good recrystallization solvent for highly polar compounds
• Crystals dry fast
• Highly polar solvent for chromatography

• Not miscible with most organic solvents

• For very polar compounds
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6

5

4

2

~2

~2

Ethyl acetate
CH3-CO-OCH2CH3

Chloroform CHCl3

Diethyl ether
(CH3CH2)2O

Toluene
C6H5–CH3

Hexanes C6H14

Petroleum ether

35–60

68–70

110

35

61

77

–95

–116

–63

–84

0.64

0.67

0.87

0.71

1.49

0.90

Solvents

• Hydrocarbon mixture composed of mostly pentanes
• Very non-polar solvent for recrystallization
• Flammable

• Isomer mixture of hexanes is cheaper than pure n-hexane
• Very non-polar solvent used for chromatography and
recrystallization
• Flammable

• Non-polar solvent, very effective for chromatography and
recrystallization
• Flammable

• Very versatile solvent for reactions, extractions, recrystallization, and chromatography
• Very low boiling and very ﬂammable
• Available in anhydrous form commercially
• Medium polarity

• Versatile solvent for chromatography and recrystallization
• Medium polarity
• Not ﬂammable

• Semi-polar solvent for chromatography and recrystallization
• Nice smell
• Flammable
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1.

Draw a map of your laboratory classroom and indicate where the safety features are located.

2.

Why should shoes be worn in a laboratory?

3.

Assess the hazards of the following chemicals using either books or on-line
sources to ﬁnd this information:

Chapter 1
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a.
b.
c.
d.
e.

Methanol
Sodium sulfate
Toluene
n-Butyl lithium
Tetrahydrofuran

4.

Discuss three issues related to the use of gloves in a laboratory.

5.

Look up the molecular weight, boiling point, melting point, and density of
the following compounds:
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a.
b.
c.
d.

Cyclohexane
t-Butyl bromide
Potassium iodide
Limonene

6.

Assuming a reaction is run between 0 and 100 °C, determine which physical
constants collected for Question 5 will be relevant to the chemist running this
reaction.

7.

Calculate the following:
a.
b.
c.
d.

Weight of 100 mL cyclohexane
Weight of 0.01 mole potassium iodide
Volume in mL of 0.01 mole limonene
Number of moles in 30 mL t-butyl bromide

8.

Describe how to make 100 mL 0.01 M aqueous KI solution.

9.

What is the % recovery in the following scenario: student A puriﬁes 1.63 g of
crude bromocyclohexane by distillation and obtains 0.60 g of pure product.

a.

Br

+

0.274 g

b.

limonene

Kl
0.498 g

+

0.162 mL

c.

I

+

KBr

+

HBr

0.184 mg

H2
1L

124 mg
heat

Br
1 mL

Problems for Chapter 1

10. For each of the following reactions, calculate the theoretical yield and % yield.
Don’t forget to determine the limiting reagent.

20 mg

11. Which heat source might you use to heat the following solvents to reﬂux?
Look up the boiling points ﬁrst.
a.
b.
c.
d.

Methanol
Toluene
Hexanes
Diethyl ether

12. Among the following solvent pairs, which layer would be on top? Or would
they be miscible?
a.
b.
c.
d.
e.

Hexane and water
Water and ethanol
Ethanol and chloroform
Water and dichloromethane
Acetone and toluene

13. Consider the polarity of the following solutes (dissolved compounds) and
solvents, and predict which compounds would have a good solubility in the
proposed solvent:
a.
b.
c.
d.
e.
f.

Acetic acid and water
Sodium sulfate and acetone
3-Pentanone and ethyl acetate
Potassium bromide and toluene
3-Ethylhexane and dichloromethane
3-Ethylhexane and water
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14. Arrange the following molecules in order of increasing polarity
H3C

CH3

H3C

OCH3

NC

CH3

15. Identify the major intermolecular force in pure samples of the following molecules. Arrange in order of increasing polarity.
O

OH

O

OH

