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The Lab Notebook and Grading

A copy of Edison’s lab notebook.



SECTION 1

The lab is an integral and essential part of the Organic Chemistry 
course.  It must be completed satisfactorily in order for the student 
to receive credit for the course.  Please note the following FLC  
policies.

• The student must attend his/her scheduled lab section and 
carry out the experiment in the week that it is scheduled.  Un-
der extenuating circumstances, the student may attend a 
“make‑up” lab section at another time during the same week 
with the prior approval of the scheduled instructor and the 
make‑up instructor.  Otherwise, credit will not be given for that 
experiment.

• If the student fails to satisfactorily complete any experiment or 
fails to properly check out of lab at the end of the course, he/she 
may be assigned an incomplete (I) for the course or a failing 
grade (F).

• In order to insure your safety in the laboratory, it is important to 
come well prepared to the lab each week:

a) Please read all assigned material in this manual before 
each experiment.

# b) Bring this lab manual with you to every laboratory          #
#     session.

c) Be aware of all safety precautions discussed in each experi-
ment and in the prelab safety lecture. 

d) Pay particular attention to proper ways of cleaning equip-
ment and disposing of chemical wastes.

e) Keep your drawer and equipment clean and organized for 
efficient laboratory work. 

• All lab work should be written up and reported in a manner de-
scribed in this lab manual.  Late lab books will receive lower 
grades.  Please consult your laboratory instructor for further in-
structions.

Chemistry 250-251 Lab Policies
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# Notes on your laboratory experiments or exercises are to be 
kept in a bound notebook with numbered pages.  Put a table of con-
tents at the front of the notebook that lists each experiment by title, 
date, and page.  Your notebook must be legible, of course, but neat-
ness and organization are also strongly encouraged.  All entries 
should be recorded in ink. Begin each new lab write-up on the 
right side of the page. Use the first left page to take notes, write 
down data, and make observations during the experiment. We 
will not grade the first left page, only the following right page 
and the pages thereafter.

Each lab report must include the following:

1. Date and title:  The date and title should be at the top of a new 
page.#

2. Purpose statement:  Below the title, include a sentence describ-
ing the goal or purpose of the experiment in your own words.

3. Synthesis table (if required): Directly below the purpose state-
ment provide the full chemical transformation with clearly 
drawn structures of all reagents, catalysts, solvents, and prod-
ucts. Below the reaction draw the synthesis table. The table must 
include the following information: Reactants, molecular weight 
MW (g/mol), Density (g/mL), melting or boiling mp/bp (oC), 
Mass (g), Volume (mL), Moles, and % yield. If an entry is not pos-
sible (e.g., a density of a solid) put a dash through the box.

4. Detailed procedure:  The procedure follows the table of chemi-
cal information (if required) and is always written in the past 
tense, third person, passive voice. This must be detailed enough 
that the experiment could be reproduced by one of your peers 
using only your notebook.  Below are a few examples of poorly 
and well-written procedures:

Bad:  “Weigh an empty 10-mL graduated cylinder and record its 
weight.  Place approximately 5.0 mL of isopentyl alcohol in the 
graduated cylinder and reweigh it to determine the weight of the 
alcohol.”   This is not written in third person or past tense.  

Good:  Isopentyl alcohol (5 mL) was placed in a preweighed gradu-
ated cylinder (weight = 5.76 g) and the final mass was 10.23 g.

Bad: “I transferred the crude ester to a clean, dry 25 mL Erlen-
meyer flask and added 1.0 g of anhydrous sodium sulfate.”  This is 
written in first person, active voice.

Good:  The crude ester was transferred to a clean, dry 25 mL Erlen-
meyer flask and anhydrous sodium sulfate (1.0 g) was added.

4. Data and results: Include the data you collected during the ex-
periment such as calculations of percent yield, melting and boil-
ing points, TLC data, important IR and NMR data, color change, 
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REACTANT

MW 

(G/

MOL)

DENSITY 

(G/ML)

MP/

BP

MASS 

(G)

VOLUME 

(ML)
MOLES

% 

YIELD

Bicyclo[2.2.2]

octane-2-dione
138.1 ---

195- 

196
0.150 --- 0.0011 ---

Potassium 

Hydide
40.1 --- --- 0.044 --- 0.0011 ---

Triethylphosph

onoaacetate
224.2 1.130

134/

8 mm
0.256 0.226 0.0014 ---

Tetrahydro-

furan
72.1 0.889 66 --- 5.5 --- ---

Bicyclo[2.2.2]

octane-2-

one-6-

methylidene 

Acetic Acid

208.2 ---
140- 

142
0.201 --- 0.0011 89%

etc.  If your experiment did not proceed as planned, discuss how 
you could have improved your results.  Compare your data to 
what was given or expected.  For example: How close was your 
melting point to that expected?  What does your measured melt-
ing point tell you about the purity of your solid?  Etc.
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Reaction 
Table

Title

Drawn    
Reaction 

Procedure written in 3rd person passive voice! 
Make sure to include all observations and 
amounts of reagents added. DO NOT COPY 
THE PROCEDURE IN THE LAB MANUAL!

For the product, give the isolated 
mass and subsequent yield for the 
reaction

For solvents, you only need a vol-
ume, no mass is necessary

Preparation of Bicyclo[2.2.2]octane-2-one-6-methylidene Acetic 

Acid Methyl Ester

07-08-2011

Purpose: To Investigate the use of stabilized ylide reagents in the 

Wittig olefination of bicyclic diketones.

O

O

+   (EtO)2P(O)CH2CO2Et   +   KH
THF

O

H
CO2Et

Procedure: Potassium hydride (0.044 g), suspended in tetrahydro-

furan (3 mL) was transferred to a dry 10 mL round bottom flask 

equipped with a stir bar. Triethylphosphonoacetate (0.226 mL) was 

added slowly to the suspension of KH at room temperature over a 10 

minute period. During the course of the addition a considerable 

amount of gas evolution was observed.



Data and Results Cont:

 

Overall, it was shown in this experiment that through careful stoi-

chiometric control it is possible to selectively olefinate a single ke-

tone when using stabilized ylide reagents. It is possible that in this 

particular reaction, over- or under-olefination occurred to a small 

extent as evidenced by a an observable mp depression in the crude 

material. Nevertheless, after recrystallization of this material, pure 

mono-olefinated product was obtained in 89% yield. This high 

yield indicated that this was the predominant product.
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Procedure Cont: Stirring at room temperature was continued for 0.5 

h. After this time, the bicyclo[2.2.2]octane-2-dione (0.150 g) was 

added. The subsequent slurry was stirred at room temperature for 

an additional 1.5 h 

The crude product was purified by recrystallization. The solid was 

placed in a 125 mL Erlenmeyer flask. Hot (nearly boiling) water 

was added a few mL at a time until the solid was completely dis-

solved (roughly 2.5 mL). The flask was stoppered and allowed to 

cool to room temperature over 1 h.

Copious crystals formed in the recrystallization flask. The crystals 

were collected by suction filtration through a Buchner funnel fitted 

with a filter paper. The crystals were rinsed 3 times with 5 mL of ice 

cold water, and dried for 1 h. The weight of the material was 0.201 

g.

A capillary tube was filled with this material and a melting point 

was obtained = 140-142 oC.

Data and Results: 0.220 g of crude product was initially isolated, 

which would indicate a good yield of the transformation. Unfortu-

nately , melting point analysis of this material (134-140 oC) indi-

cated a depressed and broadened melting point range when com-

pared to the literature values. Therefore, further purification in the 

form of a recrystallization was deemed necessary. After recrystalli-

zation from water 0.201 g of needle-like, translucent crystals 

could be isolated. This material had a near identical mp value (140-

142 oC) when compared to the literature value (140-142 oC) indicat-

ing that the purification technique was successful. 

Middle of the procedure omitted for brevity

Typically, each experiment will have a DATA PRESENTATION sec-
tion which will ask you to include additional pieces of data/
observations from the experiment. Please put this info here.

It is important to finish the Data and Results section with a con-
cluding paragraph that summarizes your experiment (whether 
it was successful, things you would change if you would do 
the experiment over, interesting results, ect...)

If you are asked to provide information that requires calcula-
tions (e.g., theoretical yields, yields) please write out the calcu-
lations in full in this section. Show your work for credit!



# Although each lab instructor might use a different grading 
scale, the average lab student's performance in each section will be 
used to put all grades on a single scale at the semester's end. 

Grading of each lab will be based on three things: 

1.) Lab performance and lab notebook (5/10 points)

# Your lab performance will be based on observation of your 
preparedness for lab, your efficiency in lab, your ability to solve 
problems that arise, and your results. The quality of your written 
report will be most important. Your instructor will look for a de-
tailed description of what you did in the experiment and evidence 
of your understanding of the principles involved. 

Notebooks will be graded on a 0-5 scale as follows:

5 – Excellent: The lab report is written neatly and legibly.  All re-
quired sections of the lab report are included (title and date, pur-
pose, synthesis table if required, detailed procedure, results).  The 
procedure is written in third person, past tense, passive voice and 
in sufficient detail that the experiment could be reproduced using 
only the notebook.  The results are correctly summarized and inter-
preted.  The results are compared to known or expected outcomes.   

4 – Good: As described above, but with one of the following:  Lack 
of neatness and legibility of the lab report; title, date, or purpose 
statement missing; procedure is not in the correct format or detail; 
insufficient summary of results and comparison to hypothesized 
outcomes.

3 – Average: As described above, but with two of the following:  
Lack of neatness and legibility of the lab report; title, date, or pur-
pose statement missing; procedure is not in the correct format or 
detail; insufficient summary of results and comparison to hypothe-
sized outcomes.

2 – Significant deficiencies: One or more of the following is lack-
ing any detail or completely missing: procedure, results. 

1 – Major deficiencies: The lab report is severely incomplete and 
several sections lack substance or are completely missing.

0 – No report but attended lab.

-5 – Missed lab.

2.) Cleanliness/ lab safety adherence (2/10 points)

# Lab safety and adherence to lab policies will be evaluated 
throughout the lab period by the teaching assistant and the lab in-
structor. In particular, failure to wear safety glasses and/or careless-
ness while handling caustic/toxic materials will result in loss of lab 
points. Additionally, the cleanliness of the hood, bench, balances 
and instrumentation will be evaluated at the end of the lab period. 
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Failure to clean up after your experimentations will result in the 
loss of lab points.

3.) Pre-lab questions (3/10 points)

# Finally, three pre-lab questions will be given at the beginning 
of each lab period.  The three questions will be taken directly from 
the lab procedure that you are about to perform in lab (each experi-
ment has ~10 possible pre-lab questions highlighted in green). The 
purpose of these questions are to make sure that you have read 
and reviewed the necessary material to perform the experiments in 
lab. You will have approximately 5 minutes to complete the three 
questions. A notecard will be provided for you (make sure you put 
your name on top). No additional resources (lab notebook, notes, 
ect...) can be used to answer the questions.

Note: Whether or not a lab report is accepted late is at the discre-
tion of the lab instructor. Nevertheless, you should expect that an 
automatic deduction of 4-6 points will be taken for any late lab re-
ports.
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Introduction to Synthetic Laboratory
Techniques

Despite the fact that synthetic, organic molecules influ-
ence nearly every aspect of modern day life, most of 
the techniques that are utilized to make and purify 
these molecules were in fact invented long ago by self-
proclaimed alchemists. To this end, we will be stepping 
back in time to learn the ancient art of distillation, re-
crystallization, liquid separation, as well as the more 
modern techniques of chromatography, polarimetry, 
and FTIR. Once we have mastered these basic tech-
niques, we will use them to isolate organic molecules 
from reactions that we learn in class.  

Diagram of alchemic distillation apparatus. Image

“The Alchemist Discovering Phosphorus” by Joseph Wright (1771), Image

http://en.wikipedia.org/wiki/File:Alembic.png
http://en.wikipedia.org/wiki/File:Alembic.png
http://en.wikipedia.org/wiki/The_Alchemist_Discovering_Phosphorus
http://en.wikipedia.org/wiki/The_Alchemist_Discovering_Phosphorus


EXPERIMENT 1

Organic chemists regularly face the challenge of 
identifying unknown compounds. While elec-
tronic techniques, such as spectroscopy, have be-
come universally applied, and we will be using 
them later in this course, physical properties re-
main the first line of identification. 

Melting points (mp) and boiling points (bp) of 
compounds are routinely reported, and serve as 
criteria both for identification and for purity. The 

mp of a solid is the pressure/temperature at 
which it changes state from solid to liquid. Simi-
larly, the bp of a liquid is the pressure/
temperature at which a liquid becomes a gas. 

You will learn to make, purify, and identify or-
ganic compounds in this course, and so the deter-
mination of basic physical properties is a logical 
place to begin.

Laboratory Techniques:

1. Measurement of melting 
points in a capillary tube 
within a melting point 
apparatus.

2. Determination of purity by 
melting point ranges.

3. Identification of unknown 
compounds by melting 
point analysis.

4. Measurement of boiling 
points via micro-bp 
apparatus.

5. Identification of unknown 
compounds by boiling point 
analysis.

Example of Solid, Liquid and Gas Phase (solid ice, triphasic liquid mixture, and encapsulated candle). Image 

Determination of Physical Properties: 
Melting and Boiling Points

9

http://mrcoles.edublogs.org/
http://mrcoles.edublogs.org/
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# Melting points of crystalline organic compounds are deter-
mined by placing a small amount of the sample into a melting 
point capillary tube and inserting the tube into a melting point ap-
paratus. The temperature of the apparatus is then increased rap-
idly until the temperature is within about 20 °C of the expected 
melting point.  At this point, the heat is turned down sufficiently 
so that the rate of increase is only 2 °C per minute until complete 
melting has occurred.  The temperature range is recorded from 
the beginning of melting (when the crystals start to glisten and 
move around) to total formation of a liquid.  Melting point meas-
urements do not vary with atmospheric pressure, so correction for 
varying atmospheric pressures is unnecessary.

TECHNIQUE: Melting Points

Invert the capillary tube and pack the solid into the end of the capil-
lary.

The solid should now be solidly packed into the top of the capillary.

Either by gently tapping the bottom of the capillary onto a hard sur-
face or by rubbing the side of the capillary, move the solid to the bot-
tom of the tube.
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Place the capillary into the slot. Up to four tubes can fit in the mp 
apparatus at one time.

Use the heat control dial to speed up or slow down the heating     
process.

This is an example of a solid that is not yet melted.

This is complete melting. Record the temperature range that it takes 
to get to this point.



EXPERIMENTAL PROCEDURE:
A. Melting Point Range of Phenylacetic Acid, a Mixture of Sol-

ids, and an Unknown Solid 

• Put a small amount (a few crystals) of phenylacetic acid into a 
melting point capillary tube, tap the tube to bring the crystals to 
the bottom, and insert the capillary tube into a melting point ap-
paratus.  Turn on the instrument and adjust the dial to achieve 
the desired heating rate (see Melting Point Technique).  Record 
the temperature range from the start of melting to complete liq-
uification. Turn off the instrument and remove and discard the 
used capillary tube. Record the melting point range (both the 
start and end of melting) and compare the high end of the 
range with the literature value of 77 °C.

• Mix a small amount of phenylacetic acid 
with a similar amount of either benzoic 
acid or adipic acid.  Notice that the melting 
range of the mixture is below that of either 
pure compound.  If the melting range of a 
mixture is depressed and broad, the two 
materials are not the same; if there is no de-
pression, then they are the same, i.e., a sin-
gle compound.

• Obtain a solid unknown from the stock-
room. Carefully determine the melting 
point range of your solid.  Be sure and re-
cord your unknown solid number in your 
lab notebook

OH

O

OH

O

HO

O
OH

O

Phenylacetic Acid

Benzoic Acid

Adipic Acid

TECHNIQUE: Micro-Boiling Points

# Boiling points of pure liquids are measured simply by pipet-
ting a small amount (1/2 to 1 inch) of the liquid into a small test 
tube and clamping a thermometer slightly above the level of the 
liquid. The test tube can be heated over a hot plate until vigorous 
bubbling occurs.  Make sure to look for a reflux ring above the 
bulb of the thermometer and drops of liquid condensing on the 
side of the test tube.  Record the observed boiling point when the 
temperature reading on the thermometer has remained constant 
for ~ 2-3 minutes. 
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Pipette a small amount of the liquid into a test tube.

http://en.wikipedia.org/wiki/Phenylacetic_acid
http://en.wikipedia.org/wiki/Phenylacetic_acid
http://en.wikipedia.org/wiki/Phenylacetic_acid
http://en.wikipedia.org/wiki/Phenylacetic_acid
figure:0F5AEDAA-B166-43D9-B48C-CDA05B9A6CC7
figure:0F5AEDAA-B166-43D9-B48C-CDA05B9A6CC7
http://en.wikipedia.org/wiki/Phenylacetic_acid
http://en.wikipedia.org/wiki/Phenylacetic_acid
http://en.wikipedia.org/wiki/Benzoic_acid
http://en.wikipedia.org/wiki/Benzoic_acid
http://en.wikipedia.org/wiki/Benzoic_acid
http://en.wikipedia.org/wiki/Benzoic_acid
http://en.wikipedia.org/wiki/Adipic_acid
http://en.wikipedia.org/wiki/Adipic_acid
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After stabilization (2-3 minutes) you can record the boiling point 
(make sure to account for atmospheric pressure correction).

The boiling liquid is condensing on the thermometer and dripping back 
down. Do not let the boiling liquid touch the thermometer.

Clamp the thermometer just above the liquid. Do not let the thermome-
ter touch the liquid or the side of the test tube. A boiling stone helps con-
trol the boil of the liquid.



# Remember that the boiling point of a liquid is the tempera-
ture at which the vapor pressure of the liquid equals the surround-
ing atmospheric pressure.  It is important to note that atmospheric 
pressure varies from day to day, from place to place, and espe-
cially with elevation.  At high elevation, the atmospheric pressure 
(600 torr at 6800 ft elevation in Durango) is lower than at sea level 
(760 torr). For this reason, boiling points of liquids are lower in 
Durango than "standard" boiling points that are measured at sea 
level (760 torr). Atmospheric pressure effects are very significant 
at nearly 7000 feet above sea level where measured boiling points 
are 6-8 degrees below the standard boiling points.

# Atmospheric pressure correction:  To convert an observed 
boiling point to its standard value at 760 mm Hg, a correction fac-
tor, T, is used.  The correction factor is calculated using the follow-
ing equation:

where:
๏ T observed = boiling temperature in Kelvin
๏ P observed = atmospheric pressure in mm Hg

# # (600 mm Hg in Durango)
๏ C is a correction factor:

# # C = 850 if the liquid is non-hydrogen bonding (e.g.,     # 
# # # hexanes, dichloromethane, benzene, toluene)
# # C = 1020 if the liquid is hydrogen bonding (e.g., water, 
# # # alcohols)
Note:  You can just add six degrees to most boiling point you 
measure to compensate for the atmospheric pressure difference 
at this elevation.  

EXPERIMENTAL PROCEDURE:

B. Boiling point of 2-Butanol, and the Identification of an Un-
known Liquid

• Add about 1 mL of 2-butanol to a small test tube and set up the 
boiling point apparatus (see Micro-Boiling Point Technique).  
Use a hot plate for the heat source.  Be careful not to overheat 
the liquid. Watch for the liquid condensation line to rise up 
slowly on the test tube wall as you heat the liquid to its boiling 
point. Keep the condensation line below the top of the tube or 
the liquid will evaporate from the test tube. When you are fin-
ished, pour the 2-butanol into the flammable waste container 
and rinse the test tube with a little acetone into the waste bottle.

 
• Obtain a liquid unknown from the stockroom. Determine the 

boiling point of your liquid unknown using the same boiling 
point method and apply the necessary atmospheric pressure 
corrections.  Identify your unknowns from the list of possibili-
ties provided below. Be sure and record your unknown liquid 
number in your lab notebook.

C. Experiment 2 Prep: Begin Ethanol Generation from Molasses

• GO TO EXPERIMENT 2, AND BEGIN THE PROCEDURE 
LABELED: “WEEK 1”. Do not include this experimental in 
your notebooks for this week. Include it in the write-up for ex-
periment 2.
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http://en.wikipedia.org/wiki/2-Butanol
http://en.wikipedia.org/wiki/2-Butanol
http://en.wikipedia.org/wiki/2-Butanol
http://en.wikipedia.org/wiki/2-Butanol
figure:D30BC0C6-598D-4E7F-B452-B7F23F69C446
figure:D30BC0C6-598D-4E7F-B452-B7F23F69C446
http://en.wikipedia.org/wiki/2-Butanol
http://en.wikipedia.org/wiki/2-Butanol
figure:%23
figure:%23
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COMPOUND STRUCTURE
BOILING POINT 

[°C/760 TORR)
MELTING 

RANGE [°C]

cyclohexane 81 -

isobutyl alcohol 108 -

n-butyl alcohol 118 -

isoamyl alcohol 130 -

n-pentyl 
alcohol

138 -

adipic acid - 152-  154

benzoic acid - 120 - 122

phenylacetic 
acid

- 77 - 79

OH

OH

OH

HO

O
OH

O

OH

O

OH

O

OH

WASTE DISPOSAL

Flammable waste for all organic liquids. You may return your un-
known vials to the stockroom after recording their numbers in your 
lab report.

DATA PRESENTATION:

Include the following in your formal laboratory report discussion:

• Please include a drawing of the boiling point apparatus and your 
record of all temperature measurements made while determining 
the boiling points of 2-butanol and your unknown liquid.  

• The identity of your solid unknown. You may measure the mix-
ture melting range of your solid unknown with the authentic com-
pound if you wish to give additional evidence of your correct 
identification.

• Calculation of the atmospheric pressure correction factor (T) for 2-
butanol. Note that 2-butanol is hydrogen bonded. Add the correc-
tion factors to the observed boiling point.

• Calculation of the atmospheric pressure correction factor (T) for 
your liquid unknown. Note that all of the unknowns are hydro-
gen bonded except cyclohexane. Add the correction factor to the 
observed boiling point. What is your liquid unknown?  

http://en.wikipedia.org/wiki/2-Butanol
http://en.wikipedia.org/wiki/2-Butanol
http://en.wikipedia.org/wiki/2-Butanol
http://en.wikipedia.org/wiki/2-Butanol
http://en.wikipedia.org/wiki/2-Butanol
http://en.wikipedia.org/wiki/2-Butanol
http://en.wikipedia.org/wiki/2-Butanol
http://en.wikipedia.org/wiki/2-Butanol


EXPERIMENT 2

Laboratory Techniques

1. The assembly and operation 
of a distillation apparatus.

2. Simple and fractional 
distillation of a liquid as a 
purification technique.

3. Analysis of liquid 
compositions by 
refractometry.

The Montanya Rum Company’s distillation 
apparatus (Silverton, CO). The crude mate-
rial is added to the copper pot (on left) and 
allowed to reflux before the enriched alcohol 
vapor is transferred into the condenser on the 
right to form rum. Image 

Preparation of Rum: Simple and 
Fractional Distillation 

16

People have produced ethanol for millennia 
via the fermentation of sugars with yeast.  
Some historians have hypothesized that agri-
culture and human civilization began as an 
attempt to produce a consistent supply of 
grain that could be fermented to make etha-
nol.  Any supply of sugar can be used to pro-
duce ethanol.  Wheat or potatoes are used to 
make vodka. Corn can be used to make 
whiskey. The sugars produced by the agave 
cactus are fermented to make tequila. In this 
lab we will use blackstrap molasses as a 
source of sugar to make a crude version of 
rum. 

http://www.montanyarum.com/
http://www.montanyarum.com/
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# Molasses is a waste by-
product produced in the refin-
ing of sugar. Granulated sugar 
purchased at the grocery store 
is the product of precipitation 
of a saturated solution of sugar 
extracted from sugar beets or 
sugar cane.  The mother liquor 
is then concentrated and the 
precipitated product is light 
brown sugar.  The cycle is repeated again to make dark brown 
sugar.  The mother liquor at the end of this process is cheaply sold 
as molasses.
# As the world looks to develop renewable sources of energy, in-
terest in ethanol as a fuel has grown.  All gasoline in the United 
States is required to contain as much as 10% ethanol.  Most ethanol 
in the U.S. is produced from corn, and there is significant contro-
versy regarding the use of valuable food for the production of fuel.  
Utilizing a waste byproduct such as molasses to make ethanol could 
begin to address some of the drawbacks inherent to corn ethanol.
#

# Once ethanol is produced, either for fuel or for consumption, 
it must be separated from water. Distillation is the most common 
way to accomplish that goal.  Simple and fractional distillation are 
important methods for separating mixtures of two or more vola-
tile components.  Simple distillation is less effective and requires 
that one component be much less volatile than the other (i.e., their 
boiling points must be at least 100 °C apart). Fractional distillation 
allows the separation of mixtures having boiling point differences 
of only a few degrees.  In this experiment, a mixture of ethanol (bp 
= 78 °C) and water (bp = 100 °C) will be separated by fractional 
distillation.
#

# Analyses of the distillation fractions will be carried out by re-
fractometry.  In refractometry, the composition of a liquid mixture 
is determined by linear interpolation, comparing the refractive in-
dices of the mixture with those of each pure component.  For exam-
ple, a mixture of ethanol (nD = 1.361) and water (nD = 1.333) 
which has an nD (mixture) = 1.354 is 75% ethanol and 25% water. 
This process is most conveniently carried out graphically.
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TECHNIQUE: Distillation
# Distillation involves the vaporization of a liquid, condensation 
of the vapor, and collection of the condensate or distillate in another 
container.  This process is often used to separate two compounds 
with different boiling points.

We will be using two types of distillation:
 
1. Simple Distillation
# The process of performing a simple distillation is fairly straight-
forward.  A mixture of liquids is boiled (refluxed) in a round bottom 
flask.  Raoult’s law states that the vapor from this boiling mixture 
will be enriched in the component that has a higher vapor pressure.  
Simple distillation works best with components with vastly different 
boiling points (>100 °C) and vapor pressures.  As a result, the vapor 
will be highly enriched in the lower boiling solvent.  A thermometer 
measures the temperature of the vapor before it encounters the at-
tached condenser that cools the enriched vapor back to the liquid 
phase.  A container at the end of the condenser is used to collect the 
liquid distillate, which now contains a higher fraction of the lower 
boiling liquid.
# A simple distillation is set up as shown below.  Place the liquid 
mixture in an appropriately sized round bottom flask (roughly 2 
times the capacity of the volume of liquid that you will be distilling).  
Attach a distillation head to the top of the round bottom flask and 
place a thermometer in the top of the distillation head.  Make sure 
that the top of the thermometer bulb is even with the entry to the 
condenser as shown.  Attach a condenser and adapter to collect your 
distillate.  Ensure that water is running through the jacket of the con-
denser with water going in the bottom and out of the top. The liquid you are distilling should not exceed 1/2 of the volume of the 

round bottom flask. Secure the flask by clamping the neck of the RBF.

Positive and negative deviations from Raoult’s law within a binary mix-
ture of liquids. Azeotropes are denoted as maxima/minima in the curves.
Images

http://en.wikipedia.org/wiki/Raoult's_law
http://en.wikipedia.org/wiki/Raoult's_law
http://en.wikipedia.org/wiki/Vapor_pressure
http://en.wikipedia.org/wiki/Vapor_pressure
http://en.wikipedia.org/wiki/Azeotrope
http://en.wikipedia.org/wiki/Azeotrope
http://en.wikipedia.org/wiki/Raoult's_law
http://en.wikipedia.org/wiki/Raoult's_law
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Attach the thermometer, the adapter, and the distillation head adapter. The ther-
mometer bottom should be below the “T” of the distillation head to get an accu-
rate temperature reading. Describe the proper thermometer placement in 
a distillation head adapter (be able to draw a diagram).

The condenser attaches to the distillation adapter and should be firmly 
clamped. The water inlet hose should be attached to the bottom of the con-
denser and the water out attached to the top. Where should the water inlet 
be attached to the condenser, top or bottom?

The vapor condenses in the water-cooled condenser and is collected in the 
receiving flask.

As distillation occurs you should see condensation occur on the ther-
mometer. This will give the temp at which this compound distills.
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2. Fractional Distillation
# Fractional distillation is used to separate liquids with close boil-
ing points.  Fractional distillation is performed identically to simple 
distillation except that a fractionating column is placed between the 
round bottom flask and the condenser as shown.  The fractionating 
column is packed with glass beads and works by creating hundreds 
of tiny surfaces where the liquid mixtures can vaporize and con-
dense.  According to the explanation of Raoult’s law above, the vapor 
from the boiling mixture will be slightly enriched in ethanol since it 
has a lower boiling point than water and a higher vapor pressure.  
But what we want is pure ethanol, not 51% ethanol.  So we need to 
perform dozens if not hundreds of cycles of vaporization and conden-
sation to achieve purified ethanol.  That is what happens on the frac-
tionating column.  The vapor from the boiling mixture encounters the 
glass beads and condenses.  Then hot vapors from the round bottom 
flask heat the 
liquid and va-
porize it again.  
Each time it re-
vaporizes, the 
vapor will be 
more enriched 
in ethanol and 
less in water.  
Once the vapor 
reaches the top 
of the column, 
the mixture will 
be almost exclu-
sively ethanol.

# A fractional distillation set up is also shown below. Be able to 
draw a diagram of a fractional distillation and label the fractionat-
ing column. As before, place the liquid mixture in an appropriately 
sized round bottom flask.  First attach a condenser filled with glass 
beads and then attach a distillation head to the top of the fractionat-
ing column. What is placed in the fractionating column? Place a 
thermometer in the top of the distillation head, and make sure that 
the top of the thermometer bulb is even with the entry to the con-
denser.  Attach a 
condenser and 
adapter to col-
lect your distil-
late.  Ensure that 
water is running 
through the 
jacket of the con-
denser with wa-
ter going in the 
bottom and out 
of the top.  Do 
not run water 
through the frac-
tionating column.
# Because of hydrogen bonding interactions between ethanol 
and water, the mixture does not behave ideally and does not ex-
actly obey Raoult’s law (negative deviation).  Ethanol and water 
form an azeotrope that boils at 78.2 °C containing 95.6 % ethanol 
and 4.4% water.  An azeotrope is a mixture with an exact composi-
tion that cannot be altered by distillation.  No matter how hard we 
try or how long our fractionating column is, we cannot obtain con-
tinue to separate ethanol and water by distillation past the azeo-
tropic mixture.

http://en.wikipedia.org/wiki/Raoult's_law
http://en.wikipedia.org/wiki/Raoult's_law
http://en.wikipedia.org/wiki/Raoult's_law
http://en.wikipedia.org/wiki/Raoult's_law
http://en.wikipedia.org/wiki/Azeotrope
http://en.wikipedia.org/wiki/Azeotrope
http://en.wikipedia.org/wiki/Azeotrope
http://en.wikipedia.org/wiki/Azeotrope
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EXPERIMENTAL PROCEDURE:
A. Performed in Week 1: Production of Ethanol from Molasses

• Mix 70 mL of molasses with 70 mL of water in a 250 mL side arm 
Erlenmeyer flask.  Add 0.5 g of yeast to the flask and swirl until 
everything is completely mixed.  Stopper the top of the flask with 
a rubber stopper.  Attach one end of a length of rubber tubing to 
the side arm and immerse the other end of the tubing into a large 
test tube that is about two-thirds full of a solution of Ca(OH)2 (li-
mewater). The limewater serves two purposes. It is an airlock 
that allows carbon dioxide from the reaction to escape while pre-
venting oxygen to enter the reaction. Be able to give at least one 
purpose for the limewater.  Introducing oxygen to the reaction 
could cause the ethanol to be further oxidized to acetic acid (vine-
gar).  The sterile limewater solution also prevents other microor-
ganisms from entering the reaction and competing with the yeast 
for the nutrient rich reaction medium.  Make sure everything will 
not spill and store this reaction in your drawer until next week.

B. Performed in Week 2: Simple and Fraction Distillation

• You will perform both a simple and a fractional distillation.  Pour 
your reaction mixture into the largest size round bottom flask 
and attach the flask to a simple distillation apparatus (see Distilla-
tion Technique). Be able to draw a diagram for a simple distilla-
tion and label glassware. Simple distillations are used to separate 
compounds with large boiling point differences (>100 °C).  Think 
about what compounds we are separating by performing this 
first simple distillation. What are we separating by simple distilla-
tion?

Fractionating columns are utilized throughout industry. The above 
picture shows how petrochemical refining plants separate hydrocar-
bons with very similar boiling points by using the technique of frac-
tional distillation. Image

http://en.wikipedia.org/wiki/Calcium_hydroxide
http://en.wikipedia.org/wiki/Calcium_hydroxide
figure:068A0B50-BA35-4B14-9017-BC8CEAB09EB2
figure:068A0B50-BA35-4B14-9017-BC8CEAB09EB2
figure:068A0B50-BA35-4B14-9017-BC8CEAB09EB2
figure:068A0B50-BA35-4B14-9017-BC8CEAB09EB2
http://www.google.com/imgres?um=1&hl=en&client=firefox-a&sa=N&rls=org.mozilla:en-US:official&biw=1375&bih=817&tbm=isch&tbnid=4p2o1Q45JThgSM:&imgrefurl=http://mrsdwyers.wikispaces.com/Science+%2526amp%253B+the+World+of+Work&docid=PFnppR_jTpuFhM&imgurl=http://mrsdwyers.wikispaces.com/file/view/fractioning_column1.jpg/33336865/fractioning_column1.jpg&w=360&h=428&ei=sFI2UNvHCsStygGpjYCQAg&zoom=1&iact=hc&vpx=183&vpy=77&dur=193&hovh=245&hovw=206&tx=155&ty=162&sig=101919335292788162285&page=1&tbnh=156&tbnw=131&start=0&ndsp=26&ved=1t:429,r:6,s:0,i:94
http://www.google.com/imgres?um=1&hl=en&client=firefox-a&sa=N&rls=org.mozilla:en-US:official&biw=1375&bih=817&tbm=isch&tbnid=4p2o1Q45JThgSM:&imgrefurl=http://mrsdwyers.wikispaces.com/Science+%2526amp%253B+the+World+of+Work&docid=PFnppR_jTpuFhM&imgurl=http://mrsdwyers.wikispaces.com/file/view/fractioning_column1.jpg/33336865/fractioning_column1.jpg&w=360&h=428&ei=sFI2UNvHCsStygGpjYCQAg&zoom=1&iact=hc&vpx=183&vpy=77&dur=193&hovh=245&hovw=206&tx=155&ty=162&sig=101919335292788162285&page=1&tbnh=156&tbnw=131&start=0&ndsp=26&ved=1t:429,r:6,s:0,i:94
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DATA PRESENTATION:
• The simple distillation can be done rapidly, so try to collect your 

distillate at a rate of 2-3 drops per second.  Collect your distillate 
in a 100 mL (or 50 mL) graduated cylinder. As the receiving 
graduated cylinder is filling write down the temperature for 
every 10 mL that is collected. Collect at least 50 mL of distillate 
(you should therefore obtain 5 temperature measurements). Be 
careful not to let the molasses co-distill over into the graduated 
cylinder. After the simple distillation transfer exactly 10 mL of the 
distillate to a pre-weighed 10 mL graduated cylinder and record 
the weight. When done, place all of your distillate from the sim-
ple distillation in a round bottom flask (roughly twice the capac-
ity of the distillate volume) and set up a fractional distillation ap-
paratus (See Distillation Technique). You can use most of the set-
up that is already assembled for the second distillation.  Frac-
tional distillation will now be used to separate the ethanol and 
water mixture obtained from the simple distillation.  Begin distill-
ing and collect your distillate in the same pre-weighed 10 mL 
graduated cylinder. Try to maintain at least 1 drop a second rate 
of distillation. During the fractional distillation record the tem-
perature of distillation every 2 mL. Try to collect at least 10 mL of 
distillate (thus you will have 5 temperature data points). You may 
stop the distillation after 10 mL. Weigh-out exactly 10 mL of the 
distillate as before.

• Weigh-out 10 mL of sample remaining in the pot in a 10 mL 
graduated cylinder. Similarly, weigh-out 10 mL of pure water, 
and 10 mL of pure ethanol. You will determine the percent compo-
sition of ethanol within each fraction you collected using density 
analysis. 

Include the following in your formal laboratory report discussion:
Distillation Data:

• Construct a table with a column for increasing volume of distillate 
(in 5 mL increments from 5-50) and a column listing the observed 
boiling points at each 5 mL increment during the distillation for 
the simple distillation.  Add two more columns and include the 
same data for the fractional distillation (except that the data will 
be in 2 mL increments).

• Next, using the above data, plot 2 separate graphs: a) boiling point 
(y axis, with a scale of 60-120 °C) vs. volume of distillate (x axis, 
with a scale from 5-50 mL), and b) boiling point (y axis, with a 
scale of 60-120 °C) vs. volume of distillate (x axis, with a scale from 
0-10 mL). Draw a smooth curve through each set of points (or use 
excel). Discuss the differences in the two curves in your formal lab 
report.  

Density Analysis Data:
• The graph to the right shows the percent ethanol (y axis, scale 0-

100%) vs. density (x axis, density of ethanol to density of water).  
This graph will allow you to determine the ethanol content and 
percent water of your three samples (simple, fractional and distilla-
tion pot). Using the slope-intercept equation determine the ethanol 
content for all three samples. 

• Construct another table with three columns:  sample identity (sim-
ple distillate, fractional distillate, distillation pot) , percent ethanol, 
and percent water for each sample.



23

Additional Pre-Lab Questions:

• Will the fractional distillation separate ethanol and water, which 
boil close together, more effectively than the simple distillation? 

• How does the fractionating column achieve a better separation?

• The following diagram represents a distillation apparatus used by 
early Arab chemists in the 7th and 8th century. Explain the pur-
pose of components A-D. What are the primary differences be-
tween this apparatus and the apparatus you assembled in lab?

A

B

C

D

Image 
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Relationship between percent ethanol and density:

http://www.grouporigin.com/clients/qatarfoundation/
http://www.grouporigin.com/clients/qatarfoundation/


EXPERIMENT 3

Laboratory Techniques:

1. Proper use of a separatory 
funnel for extractions.

2. The use of acids/bases to 
selectively remove organic 
molecules that possess 
acidic or basic functionality.

3. Vacuum filtration utilizing a 
Buchner funnel.

4. Use of drying agents to 
remove water from organic 
compounds.

5. Determination of purity by 
melting point ranges.

6. Identification of unknown 
compounds by melting 
point analysis.

a) Botanical diagram of the Peruvian Coca Leaf. b) Struc-
ture of cocaine with the basic tertiary amine highlighted in 
green. Image

Acid-Base Extraction
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It might seem particularly daunting to try and selec-
tively remove all of one molecule from a plant or animal 
while leaving the millions of other types of molecules 
behind. Nevertheless, extracting molecules from natural 

sources is a fairly common procedure and can be done on an industrial scale for a variety of biologi-
cally active molecules. Indeed, many important life-saving drugs on the market are originally iso-
lated from natural sources. The question remains: how is this done? 
# Some organic molecules possess acidic or basic functional groups. These groups can be proto-
nated or deprotonated in a solution given the right pH. When the organic molecule has undergone 
an acid-base reaction it becomes charged in the form of an ionic salt. In turn, this charge increases the 
solubility of the molecule in aqueous (or polar) solvents, and decreases the solubility of the molecule 
in nonpolar, organic/greasy solvents. This solubility difference allows the molecule to be selectively 
pulled out of the “soup” of other molecules.

NH3C

O
O

O CH3

O

a) b)

http://www.deamuseum.org/ccp/coca/
http://www.deamuseum.org/ccp/coca/
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# Let us illustrate how this chemistry works through a real-
world example: the isolation of cocaine from coca leaves.
Step 1: Cocaine’s journey begins in a jungle lab in South America. 
The harvested coca leaves are first soaked in gasoline (octanes, but 
equivalent to hexanes: 
a very non-polar, 
greasy organic solvent) 
inside metal drums. At 
this point many of the 
thousands of organic 
molecules in the coca 
leaf indiscriminately 
migrate into the gaso-
line solvent.
Step 2: The gasoline sol-
vent that contains all the organic molecules is now drained and fil-

tered from the metal drums into an aque-
ous solution of dilute acid. The acid pro-
tonates the basic ni-
trogen on cocaine 
which makes it 
ionic and soluble 
in the aqueous 
layer and not solu-
ble in the gasoline. 
The aqueous and 
organic layers sepa-
rate into two 
phases. The gaso-
line layer is thrown 
away at this point.  

NH3C

O
O

O CH3

O

H3O+

dilute acid

NH2C

O
O

O CH3

O

H

soluble in gasoline

soluble in water

Step 3: Sodium bicarbonate or ammonia (both weak bases) are then 
added to the acidic, aqueous solution of protonated cocaine until the 
pH becomes basic. 
When this happens the 
cocaine becomes depro-
tonated again (free-
base), and is once again 
soluble in organic sol-
vents and not water. 
The result is the precipi-
tation of cocaine from 
the water solution.
Step 4: The cocaine is then dried and recrystal-
lized (purified) from an organic solvent such 
as ethyl acetate, acetone, or ether (we will 
cover recrystallization in next week’s lab). For 
stability reasons, the purified cocaine is often 
re-acidified, stored, and sold as the cocaine hy-
drochloride salt. Cocaine with the basic nitro-
gen unprotonated is called “free-base cocaine” 
and is typically made by dissolving the HCl 
cocaine salt in a mixture of water and sodium 
bicarbonate (baking soda). The resulting prod-
uct (after drying) is often termed crack            

cocaine.

NH2C

O
O

O CH3

O

H

soluble in water

NaHCO3
weak base

NH3C

O
O

O CH3

O
insoluble in water,

precipitates out of solution

Images

http://en.wikipedia.org/wiki/Cocaine
http://en.wikipedia.org/wiki/Cocaine
http://www.deamuseum.org/ccp/coca/
http://www.deamuseum.org/ccp/coca/
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TECHNIQUE: Liquid-Liquid Extraction
# Liquid-liquid extraction is the process used to transfer some-
thing dissolved in one liquid to a different, immiscible liquid.  In the 
organic laboratory this process is extremely useful in separating and 
purifying complex mixtures of compounds (akin to removing co-
caine from all the other molecules in the coca leaf).  As you already 
know from General Chemistry, “like dissolves like”.  That means 
that nonpolar organic compounds prefer to dissolve in nonpolar or-
ganic solvents such as hexanes or ethyl acetate.  However, certain or-
ganic compounds readily undergo acid-base reactions to produce 
ionic salts, which are highly polar and thus water soluble.  We will 
exploit these properties to separate three organic compounds: an un-
known neutral organic molecule, benzoic acid, and 
p-nitroaniline. Which of these molecules is the acid? 
Which the base?
# Laboratory scale extractions typically rely on a 
separatory funnel (and not a gasoline drum) to effi-
ciently carry out a liquid-liquid extraction.  These 
glassware are useful for separating two immiscible 
liquids.  The less dense liquid is always the top layer 

and the more dense liquid is al-
ways the bottom layer, just like how oil (less 
dense) floats on water (more dense). 

OH

O

Benzoic Acid

NH2

O2N

4-Nitroaniline

Vegetable Oil: Less dense than water

Water: More dense than vegetable oil

The sep funnel, ring attachment, the aqueous layer and organic layer.

With the stopcock closed, add the two phases to the sep funnel.

http://en.wikipedia.org/wiki/Liquid-liquid_extraction
http://en.wikipedia.org/wiki/Liquid-liquid_extraction
http://en.wikipedia.org/wiki/Benzoic_acid
http://en.wikipedia.org/wiki/Benzoic_acid
http://en.wikipedia.org/wiki/4-Nitroaniline
http://en.wikipedia.org/wiki/4-Nitroaniline
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The less dense layer rises to the top above the more dense layer.

Firmly holding the stopper, vigorously shake (to mix) the two layers
Put the sep funnel back in the ring and allow the two phases to completely 
separate. Open the stopcock to drain the lower layer into an Erlenmeyer.

Invert the sep funnel to vent the liquid. Typically you will shake the sep fun-
nel and vent 3-4 times before you allow the phases to completely separate. 



OH

O
Neutral Molecule
Organic Soluble

# In this lab we will begin with all three organic compounds dis-
solved in an organic solvent, ethyl acetate, and successively extract 
(remove) one component by exploiting acid-base chemistry and the 
solubility properties discussed above.  Treating benzoic acid with 
NaOH creates a water soluble salt, sodium benzoate, thus removing 
benzoic acid from the organic solvent.  Likewise, treating the basic p-
nitroaniline with HCl creates a water soluble salt (akin to cocaine). 
Why are protonated amines soluble in water? Only the unknown 
neutral compound then remains in the organic solvent, and we will 
have effectively separated all three compounds.  The organic acid 
and base can be recovered by neutralizing the individual aqueous 
extracts (akin to free-basing) to render the organic compounds in-
soluble. 

O

OH

Organic Soluble

NaOH
O

O -  Na +

Water Soluble

HCl

Organic Soluble

O

OH

NH2

HCl NaOH
NH2NH3 +  Cl -

Neutral Molecules Neutral MoleculesCharged Molecules
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Drain the top phase into a different Erlenmeyer flask.

Uncharged, relatively 
non-polar, organic 
molecules will always 
be solvated by the or-
ganic phase.

http://en.wikipedia.org/wiki/Benzoic_acid
http://en.wikipedia.org/wiki/Benzoic_acid
http://en.wikipedia.org/wiki/Sodium_benzoate
http://en.wikipedia.org/wiki/Sodium_benzoate
http://en.wikipedia.org/wiki/4-Nitroaniline
http://en.wikipedia.org/wiki/4-Nitroaniline
http://en.wikipedia.org/wiki/4-Nitroaniline
http://en.wikipedia.org/wiki/4-Nitroaniline


OH

O The neutral 
molecule returns 
to the organic 
phase

O

O Anionic/Cationic
Molecules 
Migrate to the
Aqueous Phase

Na
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# Vacuum or suction filtration is a faster filtration technique 
than gravity-induced filtration, and is most often used to collect 
solid products generated from precipitation or recrystallizations. In 
a vacuum filtration, an Erlenmeyer flask with a sidearm (a filter 
flask) is used. The sidearm is connected to a source of vacuum. In 
this case rubber tubing joins the filter flask to the water aspirator 
trap (vacuum = approximately 10-20 mm Hg). A Buchner funnel is 
fitted on top of the filter flask by a rubber stopper/adaptor. The flat 
bottom of the Buchner funnel is covered with an unfolded piece of 
circular filter paper. It may be necessary to cut the filter paper down 
to a size that completely covers the holes in the Buchner funnel (do 
not allow the filter paper to extend up the sides of the funnel). Fi-
nally, “wet” the surface of the filter paper with a small amount of 
the wash solution to allow the paper to adhere to the Buchner fun-
nel. 

TECHNIQUE: Vacuum Filtration

Washing/mixing the or-
ganic phase with a weak 
base causes an acid-base 
reaction with the benzoic 
acid to form sodium benzo-
ate. This molecule is 
charged. It therefore mi-
grates to the aqueous 
phase.

If the aqueous phase is 
washed with acid to neu-
tralize the sodium benzo-
ate, the resulting benzoic 
acid will migrate back to 
the organic phase. Why 
does neutralizing so-
dium benzoate cause it 
to migrate to the or-
ganic phase? Always clamp the filter flask. They are prone to tipping over during         

filtration.
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Attach the Buchner funnel through a sealed stopper.

The hose from the filter flask is attached first to the trap and then the trap 
is attached to the water aspirator.

Place filter paper in the Buchner funnel. Depending upon the size of the 
funnel you may need to cut the paper. 

Turn on the aspirator knob to start the vacuum.



EXPERIMENTAL PROCEDURE:

A. Extraction of a Ternary Mixture

• Weigh out 0.5 grams of a solid mixture containing equal quantities 
of (1) benzoic acid, (2) p-nitroaniline, and (3) one of the unknown 
organic compounds (write the unknown number down in your 
notebook!).  Dissolve the mixture in 10 mL of ethyl acetate in a 
small Erlenmeyer flask warming slightly on the hot plate if neces-
sary.  Upon dissolution, transfer the solution to a separatory funnel 
and rinse the Erlenmeyer flask with a small amount of ethyl ace-
tate.

• Add 3 mL of 6 M NaOH, cap the separatory funnel, and shake it 
vigorously. Remember to vent your separatory funnel.  Allow the 
two phases to separate completely.  You should see two distinct lay-
ers (see Liquid-Liquid Extraction Technique).

• Transfer the lower layer to a small Erlenmeyer flask and label as 
AQUEOUS BASE EXTRACT. Keep the upper organic layer in your 
separatory funnel and extract again with 3 mL of 6 M NaOH.  Com-
bine the two aqueous base layers and save them.  

B. Extraction of a Binary Mixture

• Add 3 mL of 6 M HCl to the organic layer in the separatory funnel, 
carrying out an extraction like you did with the aqueous base. Put 
the aqueous acid in another flask and repeat the procedure with a 
second 3 mL of acid. Combine the two aqueous acid layers and la-
bel as AQUEOUS ACID EXTRACT.  
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First wet the paper with the solvent, then slowly pour your slurry through 
the funnel. Why do we wet the filter paper on Buchner funnels?

In some cases you may want to wash the solid with cold solvent to further 
the purification of the solid.

http://en.wikipedia.org/wiki/Benzoic_acid
http://en.wikipedia.org/wiki/Benzoic_acid
http://pubs.acs.org/wls/journals/query/subscriberSearch.html
http://pubs.acs.org/wls/journals/query/subscriberSearch.html
http://en.wikipedia.org/wiki/Ethyl_acetate
http://en.wikipedia.org/wiki/Ethyl_acetate
http://en.wikipedia.org/wiki/Ethyl_acetate
http://en.wikipedia.org/wiki/Ethyl_acetate
http://en.wikipedia.org/wiki/Ethyl_acetate
http://en.wikipedia.org/wiki/Ethyl_acetate
figure:%23
figure:%23
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• In another Erlenmeyer flask remove any traces of water from the 
remaining ethyl acetate layer by adding a small amount of anhy-
drous sodium sulfate, swirling the mixture until the solution is no 
longer cloudy. Separate the liquid from the solid by gravity filtra-
tion through a cotton plug (place a ball of cotton in the bottom of a 
funnel and pour the solution through it to filter) and label the fil-
trate ORGANIC SOLUTION.  You should now have three separate 
solutions: (1) AQUEOUS BASE EXTRACT containing the organic 
acid, (2) AQUEOUS ACID EXTRACT containing the organic base, 
and (3) ORGANIC SOLUTION containing the neutral organic com-
pound.

C. Isolation and Analysis of the Individual Components

• Cool the aqueous base extract in ice and then neutralize it by add-
ing 6 M HCl gradually with stirring until it is acidic with pH pa-
per. This neutralization will require ~ 4-6 mL of 6 M HCl. An in-
soluble solid should be observed at this point. If you do not see a 
solid, you may need more HCl or you may need to cool your sam-
ple further. Isolate the solid by vacuum filtration (see Vacuum Fil-
tration Technique), and wash the solid with a small amount of cold 
water. Let the solid dry before determining its weight and melting 
point. You may need to heat this compound slightly on a hot plate 
to dry it fully.

• Repeat the above procedure on the aqueous acid extract using 6 M 
NaOH. After you isolate this solid, allow it to dry before obtaining 
its weight and melting point.

• Evaporate the ethyl acetate from the organic layer by boiling off 
the solvent on a hotplate in the hood. Note that ethyl acetate boils 
at a very low temperature, so your hot plate only needs to be warm 
(HEAT SETTING 1 or 2). When most of the liquid has evaporated, 
allow the sample to cool so that the neutral organic compound will 
crystallize. (Note that the unknown compound may melt and ap-
pear as a liquid on the hotplate.) Let the solid dry before determin-
ing its weight and melting point.

Cl

Cl

1,4-Dichloro-
benzene
mp: 56 o

Naphthalene
mp: 82 o

Biphenyl
mp: 71 o

Hexamethyl-
Benzene
mp: 165 o

Possible Unknown Neutral Organic Molecules:

http://en.wikipedia.org/wiki/Ethyl_acetate
http://en.wikipedia.org/wiki/Ethyl_acetate
http://en.wikipedia.org/wiki/Sodium_sulfate
http://en.wikipedia.org/wiki/Sodium_sulfate
figure:D733D47C-8210-4C44-8FDC-BB6EC2C6BCA1
figure:D733D47C-8210-4C44-8FDC-BB6EC2C6BCA1
figure:D733D47C-8210-4C44-8FDC-BB6EC2C6BCA1
figure:D733D47C-8210-4C44-8FDC-BB6EC2C6BCA1
http://en.wikipedia.org/wiki/Ethyl_acetate
http://en.wikipedia.org/wiki/Ethyl_acetate
http://en.wikipedia.org/wiki/Ethyl_acetate
http://en.wikipedia.org/wiki/Ethyl_acetate
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DATA PRESENTATION:
Include the following in your formal laboratory report discussion:
• Using melting points determine the identity of the unknown or-

ganic solid. Comment on the purity of each recovered component 
(acid, base and neutral compound) as determined by melting 
point (compare the melting points to known literature values). Re-
member that mixtures of compounds will typically display 
broadened and depressed melting points. Thus, if your extrac-
tions of the other two components was not complete your mp of 
the unknown will be affected!

• Include a flow chart to describe the separation of the mixture and 
the isolation of each component.

• Calculate the percent recovery of each component in the mixture. 
Assume that each component was present in equal amounts in 
your sample.

Additional Pre-Lab Questions:
• If we used dichloromethane (density = 1.33g/mL) as the organic 

solvent for the extraction, explain which layer in the separatory 
funnel, top or bottom, would be the aqueous layer and the organic 
layer.  Why?

• Be able to show each acid-base reaction that took place, using the 
skeletal structures of the molecules.  Use curved arrows to depict 
electron flow for each reaction.  Label each organic compound as 
water soluble or organic soluble.  There should be a total of four 
acid-base reactions.

• Should it make any difference if the mixture is extracted first with 
HCl or NaOH? 



EXPERIMENT 4

In this experiment, you will prepare an analgesic 
compound found in the over-the-counter drugs 
used to relieve pain and control fevers. Origi-
nally synthesized in 1877 by Harmon Morse, it 
was not until 1955 that acetaminophen was mar-
keted as a pain-relief medication under the trade-
mark Tylenol. Currently, hundreds of generic ver-

sions are available and are utilized daily by mil-
lions of people worldwide.

In your synthesis today it will be necessary to pu-
rify the product by recrystallization. Your labora-
tory notebook should be in the format of a syn-
thetic preparation with a synthesis table.

Laboratory Techniques:

1. Recrystallization as a 
purification method for 
solid organic compounds.

2. Vacuum filtration utilizing a 
Buchner funnel.

3. Analysis of purity by 
melting point analysis.

4. Determination of theoretical 
yield and percent yield of 
product from a chemical 
reaction.

Tylenol (acetaminophen) an analgesic and antipyretic drug commonly used to reduce pain, fever, and the symp-
toms of cold and flu. 

Synthesis of Acetaminophen (Tylenol): 
Recrystallization of a Solid 
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http://en.wikipedia.org/wiki/Harmon_Northrop_Morse
http://en.wikipedia.org/wiki/Harmon_Northrop_Morse
http://en.wikipedia.org/wiki/Tylenol
http://en.wikipedia.org/wiki/Tylenol
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TECHNIQUE: Recrystallization

# Crystallization is a technique chemists utilize to purify solid 
compounds. In effect, crystallization is based on the principles of 
solubility: organic compounds will generally be more soluble in hot 
solvents than they are in cold solvents. Are organic compounds 
more soluble in hot or cold solvents? If a saturated, hot solution is 
allowed to cool, the dissolved compounds will no longer be soluble 
in the solvent and preferentially crystallize as pure compounds. Im-
purities are excluded from the growing crystals and can be physi-
cally separated via filtration.

# On a fundamental level, the following must take place for crys-
tallization to successfully take place: the solid compound is dis-
solved in just enough hot solvent for complete dissolution. This flask 
now contains both the freely moving desired compound as well as 
impurities. The solution is then cooled allowing for some of the de-
sired solute molecules to leave the solution. During the cooling proc-
ess, as more molecules come out of solution they will preferentially 

co-crystallize with similar geometrically 
shaped molecules. If done correctly, the 
geometric differences between mole-
cules (the desired solid, and impurities) 
will be great enough to create pure crys-
tals of only one type of molecule. 

Beginning of Crystallization: Both the desired 
compound (octagons) and the impurity (trian-
gles) are fully solvated in the hot solution.

As cooling begins, so does agglomeration of 
the desired compound.

Larger crystals begin to form. The impurities 
also try to co-crystallize with the product but 
have difficulty due to incompatible geometries.

Crystallization continues as the solution 
reaches room temperature.

http://en.wikipedia.org/wiki/Crystallization
http://en.wikipedia.org/wiki/Crystallization


In practice, there are four essential steps for a recrystallization:

1. The impure solid is dissolved in a minimum amount of hot (usu-
ally boiling) solvent to create a saturated solution. Why is a mini-
mum of hot solvent used for recrystallization? This process is al-
ways done in an Erlenmeyer flask rather than a beaker.

2. If there are insoluble particles (hair, etc.) the hot solution should 
be filtered, while keeping the saturated solution hot at all times, to 
remove the insoluble materials. This type of filtration is called 
gravity filtration and is performed over a hotplate with a folded 
filter paper in a plastic funnel.

3. Crystallization is then induced by first scratching the glass inside 
the flask with a glass stirring rod to initiate crystallization, and 
then the hot solution is covered with a cork and allowed to cool 
very slowly to room temperature. Why is the saturated solution 
cooled during recrystallization? Then it is cooled further to 0 °C in 
an ice bath. If crystals are allowed to form very slowly in this man-
ner they usually are much purer than if they “crash out” of solu-
tion rapidly (see “Stages of recrystallization” for an example of 
crystals that have “crashed-out”). 

4. The crystals are then collected from the cold solution by vacuum 
filtration, quickly washed with a minimum amount of ice-cold sol-
vent, and then allowed to dry completely on a watch glass or petri 
dish before determining the melting range. Complete evaporation 
of the solvent usually requires at least several hours before an ac-
curate melting point can be measured. In certain cases the drying 
process can be accelerated by placing the watch glass with your 
crystals on top of a hot plate set on a low setting.
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The solution is cooled by an external ice-bath, 
allowing for rapid crystal growth.

End: Finally, the crystals can be harvested 
from the flask. The impurities remain in solu-
tion and can be washed away from the prod-
uct. A small amount of product loss is ex-
pected in the wash.

This is an example of what happens when a so-
lution is cooled too fast and impurities be-
come trapped in the crystals. (Bad!) Why is it 
bad to rapidly cool a recrystallization?
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5. Occasionally it may be desirable to obtain a second crop of less 
pure crystals from the filtrate by evaporating the solvent down to 
half or one-third volume, until the compound is once again satu-
rated at the boiling point of the solvent, and then repeating the 
process described in steps 3 and 4 above.

Place your impure solid in a small Erlenmeyer flask.

You can either begin by adding a small amount of the boiling solvent, 
or by adding a very small amount of the cold solvent and then heating 
the slurry on the hotplate.

Heat the slurry until complete dissolution occurs. Add boiling solvent 
if needed.
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Remove the dissolved sample from the heat source and let it gradually 
return to room temperature.

Crystals should begin forming even at room temperature. If this does 
not happen, try scratching the bottom of the Erlenmeyer with a glass 
rod and waiting for a few minutes.

Remove the fully recrystallized solid from the ice bath, filter, then high-
five your labmate.

Cool the mixture further with an ice bath.



A. Synthesis of Acetaminophen

• Weigh out 1.5 g of p-aminophenol and place this in a 50 mL Erlen-
meyer flask. Using a graduated cylinder, add 4.5 mL of water and 
1.7 mL of acetic anhydride. Place a magnetic stir bar in the flask.

• Heat the reaction mixture with stirring directly on a hot plate (us-
ing a thermometer to monitor the internal temperature). Try to 
heat to about 100 °C. After the solid has dissolved (it may dissolve, 
precipitate, and redissolve), heat the mixture for an additional 10 
minutes at 100 °C to complete the reaction.

 
• Remove the flask from the hotplate and allow the solution to cool 

to room temperature. If crystallization has not occurred, scratch 
the bottom of the flask with a glass rod to initiate crystallization. 
Cool the mixture thoroughly in an ice bath for ~15 min and collect 
the crystals by vacuum filtration in a Buchner funnel (see Vacuum 
Filtrations). Rinse the flask with ~5 mL of ice water and transfer to 
the Buchner funnel. Wash the crystals in the funnel with  2 sequen-
tial additions of ~5 mL of ice water and then allow the crystals to 
dry on the funnel for ~5 min by allowing air to draw through the 
funnel with the vacuum on. During this time break up any large 
chunks with a spatula. 

• Transfer the crude solid to a watch glass and obtain a mass. Set 
aside a small sample for a melting point determination later. 

EXPERIMENTAL PROCEDURE:

HO

NH2 O

O

O H2O, 100 oC

HO

H
N

O OH

O

p-Aminophenol Acetic anhydride Acetaminophen Acetic Acid

• Place the crude acetaminophen in a 50 mL Erlenmeyer flask. Re-
crystallize the material from a solvent mixture composed of 50 % 
water and 50 % methanol by volume (see Recrystallization). The 
solubility of acetaminophen in this hot (nearly boiling) solvent is 
roughly 1g/5 mL. After you have dissolved the solid in a minimum 
amount of the hot solvent combination, allow the solution to cool 
slowly to room temperature. Once the mixture has reached room 
temperature (~20-25 °C), place the flask in an ice bath (~ 0 °C) for 
at least 10 minutes. It may be necessary to induce crystallization 
by scratching the flask with a glass rod. Collect the crystals using a 
vacuum filtration apparatus fitted with a Buchner funnel. Dry the 
crystals for 5 to 10 minutes by allowing air to draw through the 
funnel while the vacuum is on. Why do we dry the crystals follow-
ing filtration? Weigh the crystallized acetaminophen.

B. Analysis of the Purified Product
• Prepare three melting point capillaries as described below and 

place all four in the mp apparatus simultaneously.
# 1. Your crude acetaminophen. 
# 2. Your final pure acetaminophen. 
# 3. An authentic sample of commercial acetaminophen from the 
#     prep hood. 

WASTE DISPOSAL

Flammable waste for all organic liquids. Used capillary tubes can be 
disposed in the designated sharps container.
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http://en.wikipedia.org/wiki/4-Aminophenol
http://en.wikipedia.org/wiki/4-Aminophenol
http://en.wikipedia.org/wiki/Acetic_anhydride
http://en.wikipedia.org/wiki/Acetic_anhydride
figure:D733D47C-8210-4C44-8FDC-BB6EC2C6BCA1
figure:D733D47C-8210-4C44-8FDC-BB6EC2C6BCA1
figure:D733D47C-8210-4C44-8FDC-BB6EC2C6BCA1
figure:D733D47C-8210-4C44-8FDC-BB6EC2C6BCA1
http://en.wikipedia.org/wiki/Paracetamol
http://en.wikipedia.org/wiki/Paracetamol
figure:C844BCAC-CC3E-41F0-8E50-F886EAB86ACF
figure:C844BCAC-CC3E-41F0-8E50-F886EAB86ACF
http://en.wikipedia.org/wiki/Paracetamol
http://en.wikipedia.org/wiki/Paracetamol
http://en.wikipedia.org/wiki/Paracetamol
http://en.wikipedia.org/wiki/Paracetamol
figure:0F5AEDAA-B166-43D9-B48C-CDA05B9A6CC7
figure:0F5AEDAA-B166-43D9-B48C-CDA05B9A6CC7
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DATA PRESENTATION:
Include the following in your formal laboratory report discussion:
• Your report should be written in the format of a synthesis as previ-

ously described.

• Calculate the theoretical yield as well as the percent yield of the 
crude acetaminophen and the purified acetaminophen that you 
synthesized.  

• Report the melting point ranges of all four samples when melted 
side by side at the same time.  Comment on the purity of your two 
samples as determined by the melting point ranges.

Additional Pre-Lab Questions:
• During the crystallization of acetaminophen, why was the mixture 

cooled in an ice bath?

• In the reaction between p-aminophenol and acetic anhydride to 
form acetaminophen, 4.5 mL of water was added. What was the 
purpose of the water?

• Why should you use a minimum amount of water to rinse the 
flask while transferring the purified acetaminophen to the 
Buchner funnel?

• If 1.30 g of p-aminophenol is allowed to react with excess acetic an-
hydride, what is the theoretical yield of acetaminophen in moles? 
In grams?

• Give two reasons why the crude product in most reactions is not 
pure.

• Would you expect the acetaminophen before recrystallization to 
have higher, lower, or the same melting point as recrystallized 
acetaminophen?



EXPERIMENT 5

Laboratory Techniques:

1. Spotting and developing a 
TLC plate.

2. Determining the proper 
solvent polarity 
combination to analyze 
multiple compounds at 
once.

3. Visualizing spots on TLC 
using an iodine chamber, 
stains, or UV light.

4. Calculating Rf values.

Analysis of Analgesic Drugs: Thin-Layer 
Chromatography
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# Organic chemists face the daily 
challenge of determining the identity 
of individual components within a com-
plex mixture. This is due in part to the 
fact that chemical reactions often have 
side-products or unreacted starting ma-
terial that was not anticipated at the on-
set of the reaction. 
# In this experiment you will learn 
a rapid and reliable method of analyz-
ing compounds to determine the purity 
and identity of compounds. Thin layer 
chromatography (TLC) will be used to 
analyze the constituents of analgesic 
drugs (Asprin, Tylenol, BC Powder, Ex-
cedrin, Anacin). Known samples of caf-
feine, aspirin, salicylamide and aceta-
minophen will be provided to aid in 
the TLC identifications. You may also 
wish to analyze the acetaminophen 
you prepared in last week's lab to fur-
ther confirm its identity and purity.?

http://en.wikipedia.org/wiki/Thin_layer_chromatography
http://en.wikipedia.org/wiki/Thin_layer_chromatography
http://en.wikipedia.org/wiki/Thin_layer_chromatography
http://en.wikipedia.org/wiki/Thin_layer_chromatography


TECHNIQUE: Thin-Layer Chromatography
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# In thin layer chromatography, a mixture of compounds is 
“spotted” with a micropipet near the bottom (about ½ cm from the 
edge) of the chromatographic sheet. The sheet is placed into a jar 
containing a small amount of solvent; the solvent moves up the 
sheet, carrying with it the components of the mixture, each at a dif-
ferent rate. The rate of ascension depends on relative polarities of 
the compounds: non-polar compounds ascend rapidly while po-
lar compounds bind more strongly to the silica gel surface and 
ascend more slowly. Do polar molecules or non-polar molecules 
ascend silica more quickly? More slowly?

Make sure to use the silica gel side of the TLC and not the plastic shiny 
side!

First, mark the locations of where you will spot the TLC plate. Make 
sure to use a pencil and to leave roughly 1/2 cm of space from the bot-
tom of the plate. Press lightly with the pencil.

Draw a small amount of your compound dissolved in a solvent into 
your capillary tube. Quickly, and lightly spot your compound on the 
TLC plate. Don’t make your spot too big.

http://en.wikipedia.org/wiki/Thin_layer_chromatography
http://en.wikipedia.org/wiki/Thin_layer_chromatography
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Importantly, the spots need to be above the solvent level in your develop-
ing chamber or the TLC will not work. If it is not, pour out some of the 
solvent in the chamber. What must the TLC spot be above?

When the TLC plate is placed in the capped chamber you can watch the 
solvent ascend the silica gel.

The solvent front tells you when to stop running the plate. Ideally, you 
want to remove the TLC when the solvent gets to about 1/2 cm from the 
top. Mark the solvent front with a pencil. 

Here is a TLC plate that has been run with four samples. You can see 
the solvent distance and the sample distance (sample distance/solvent 
distance gives Rf).



# The chromatographic sheet is removed from the jar when the 
solvent is about ½ cm from the top of the sheet.  The level of the sol-
vent front is marked with a pencil, and the solvent is allowed to 
evaporate. The positions of the various compounds are deter-
mined by “visualization” procedures, which may involve examina-
tion under a UV lamp, saturation with iodine vapor, or “staining” 
with various reagents to make the compounds become colored. 
What methods can be used to visualize your spots on a TLC? If 
complete separation has occurred, the number of “spots” on the 
chromatographic sheet corresponds to the number of compounds 
present in the original mixture. The position of each compound is 
described by an Rf value. Rf is determined by dividing the dis-
tance from the baseline to the spot by the distance from the base-
line to the solvent front-line (Rf values are always less than 1, e.g., 
0.2).

# Selection of the best solvent to develop the TLC plate is critical 
to the success of the analysis.  If a solvent is chosen that is not polar 
enough, none of the compounds will move very far up the TLC plate 
and it will not be possible to see clean separation of multiple compo-
nents of an unknown mixture. On the other hand, if the solvent cho-
sen to develop the plate is too polar, all of the compounds will move 
nearly all of the way to the top of the TLC plate.  This situation also 
makes it difficult to see clean separation of multiple components or 
to distinguish one compound from another.  The ideal solvent is usu-
ally a mixture of miscible solvents, one of which is more polar than 
the other, in the proportion that allows the components of the mix-
ture to run between Rf 0.2 and Rf 0.8 on the developed TLC plate. 
What is the ideal Rf value range for a TLC spot?#The ideal propor-
tions of the two solvents are determined by trial and error. Please re-
fer to the following Solvent Polarity Guide when you are determin-
ing which solvent mixtures to use in your TLC analyses.
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Here is a fictitious TLC plate with some of the common errors. Too 
much sample/spotting gives unreadable streaks. Spots at the top or bot-
tom indicate too polar or not polar enough solvents. Be able to list 
three common errors with TLC plates.
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!in Layer Chromatography / feat. Lego
Jon Chui / jkwchui@uvic.ca

A bunch of lego kids are 
hanging out by a lego 
beach.

since better interac-
tions between homo 
legoiens with the 
ground than the wave 
help in staying put...

stay... go!

Since better interactions 
between molecule with 
the stationary phase than 
the mobile phase help in 
staying put...

A drop of an unknown chemi-
cal was spotted on a TLC plate, 
and then dipped in an eluent.

tip #1: cutting the 
corners prevent 
solvents running up.

tip #2: Pencil the 
start/end line.

stationary phase; 
the most common is 
silica gel plates, 
which is polar.

Tip #3: For reactions, spot starting 
materials, reaction, and a “co-spot”.

S.M.

Easy RF, 
reasonable 
elution time

Polar

Non-polar

There are actually two compounds 
in the unknown - One of these is 
chemically different - it’s much 
more polar!

When the mobile phase 
sweeps up the plate, our 
molecules get washed along.

But some goes 
further than others.

?

5.0 cm

CO-SPOT

REACTION WORKS FOR CROOKED FRONT

Half are normal lego... and the 
other half are mutant legos 
with blocks for hands!

oh Romeo, 
  but we can’t -

When a large wave 
comes rushing in... 
everyone gets washed 
up along the shore. But some goes 

further than 
others.

mama mia!

the mutants, with no grip 
on the ground, get 
washed much farther.

After the water dries, 
what we’re left with are 
the mutants and normal 
lego separated into 2 
clumps, neither could 
go farther than where 
the water has gone.

How many clumps will we have, 
if there’s also these 
semi-mutants at the beach?  
Where would we find him at 
the end?

After the solvent dries, 
what we’re left with are 
the compounds sepa-
rated into 2 clumps, 
neither could go 
further than where the 
mobile phase has gone.

x/y, the ratio between the 
distance a compound 
traveled and the solvent 

front, is called the Rf.  It 
is a property of a molecule, 
and measures the ability of 
the molecule to interact 
with the stationary phase.

!

mobile phase: for 
silica gel plates, 
often a combination 
of organic solvents 
like ethyl acetate 

(EtOAc) and hexanes.

x
y

Compound
A
B
C
D

0.16
0.16 = ...?0.75

0.16
0.50

Rf

The non-polar molecules, 
with no interactions with 
the solid phase, get washed 
much further.

But be careful: R
f
 is 

condition-dependent, so 
you need to specify 
both the (i) stationary 
and (ii) mobile phases 
when reporting.** And then, many different compounds 

with similar polarity may share similar 
R

f
., so it’s necessary but not sufficient 

evidence for having a particular 
compound.

Imagine...

Now Consider...

** You should also specify (iii) the method you used to visualize the spot,
    to ensure others can see what you saw!
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SOLVENT FORMULA
DIELECTRIC 
CONSTANT

MISCIBLE W / 
WATER

Water H2O 80 Yes

Dimethyl 
Sulfoxide 

CH3SOCH3 45 Yes

Methanol CH3OH 35 Yes

Ethanol CH3CH2OH 25 Yes

Acetone CH3COCH3 21 Yes

Ethyl Acetate CH3CO2CH2CH3 6 No

Chloroform CHCl3 5 No

Methylene 
Chloride

CH2Cl2 4 No

Diethyl Ether C2H5OC2H5 4 No

Hexanes C6H14 2 No

Petroleum Ether C7H16 2 No

SOLVENT POLARITY GUIDE EXPERIMENTAL PROCEDURE:
A. Development of the Reference TLC

• You will need many capillary micropipets to spot the plates (these 
will be provided by the instructor). Obtain a pre-cut TLC plate 
from your instructor. These plates have a flexible backing, but 
should not be bent excessively. Handle these plates carefully or the 
silica gel adsorbent may flake off (also try to avoid getting finger 
prints on the surface of the TLC plate). Using a lead pencil (not a 
pen) draw a line across the plates about 1 cm above the bottom (see 
TLC Technique).  

• On the first plate, starting from left to right, spot acetominophen, 
then asprin, caffeine, and salicylamide (this is alphabetic and will 
avoid later confusion). Dilute solutions of these compounds can be 
found in the back hood. It is important that the spots be made as 
small as possible (1-2 mm diameter maximum). If the spot is made 
too large the spots will tail and streak up the plate during develop-
ment (making Rf determination impossible). Also, when using the 
micropipets make sure to not cross-contaminate your spotters with 
the samples.

Ac Asp Cf Sal 1 2 3 4 5

Note:  The solvents in this table are arranged in decreasing polarity 
from the most polar (water), which has a very large dielectric constant 
(80), to the least polar (hexane) which has a dielectric constant of only 
2. Mixtures of solvents can involve any combination except that water 
does not mix with any of the solvents less polar than acetone. Be able 
to list two solvents miscible in water, and two solvents miscible in hex-
anes.

http://en.wikipedia.org/wiki/Paracetamol
http://en.wikipedia.org/wiki/Paracetamol
http://en.wikipedia.org/wiki/Aspirin
http://en.wikipedia.org/wiki/Aspirin
http://en.wikipedia.org/wiki/Caffeine
http://en.wikipedia.org/wiki/Caffeine
http://en.wikipedia.org/wiki/Salicylamide
http://en.wikipedia.org/wiki/Salicylamide


47

• After the reference plate has been completely spotted, obtain a 
16-oz wide-mouth, screw cap jar for use as a development cham-
ber. Fill the chamber with about 0.5-0.7 cm of a development sol-
vent system. Recall that the solvent level must not exceed that of 
the spots on the plates or the samples will dissolve off the plate 
into the reservoir instead of developing. The objective of this part 
of the lab is, through trial and error, to find a suitable solvent sys-
tem that will move all five standards off of the baseline to differ-
ent Rf values. It is necessary that all of the spots are distinguish-
able from each other, otherwise it will not be possible to deter-
mine the composition of the analgesics accurately. You may use 
any available solvent combination, but you may find that mix-
tures of ethyl acetate and hexanes will work well.

• Develop your reference plate. When the solvent has risen to 
about 0.5 cm from the top of the plate, remove the plate and 
quickly mark the solvent line with your lead pencil. After the 
plate is dry you can visualize the spots using a short-wavelength 
UV lamp (draw circles around the spots), or by placing your TLC 
in an iodine vapor chamber for about 30 seconds. Using a ruler 
calculate the Rf value for each compound. If some compounds 
have not moved off of the baseline you will need to increase the 
amount of polar solvent, and if too many compounds are travel-
ing too far on the TLC plate you will need to increase the amount 
of the non-polar solvent. It may take several attempts (different 
solvent combinations) to successfully differentiate all of the refer-
ence spots. Make sure that the development chamber is dry be-
fore you add the next solvent system.

B. Analysis of Commercial Analgesics/Unknowns

• Next, obtain a spatula tip of crushed analgesic tablet/powder and 
dissolve it in 3 mL of dichloromethane in a small test tube. On a 
new TLC plate, using a lead pencil, draw a line across the bottom 
of the plate. Mark TLC spot stations 1-5 for the five analgesic un-
knowns. As before, going from left to right, spot each unknown in 
a TLC lane. Then, using the solvent system that you previously de-
veloped to visualize all four of the reference compounds, develop 
this plate to about 0.5 cm from the top of the plate. Using a ruler 
calculate the Rf values for each compound. Note: in some cases 
you should see several spots in a lane.

HO

H
N

O

Acetaminophen

O

O

O OH

Asprin

N

NN

N

O

O

Caffeine

OH

O NH2

Salicylamide

http://en.wikipedia.org/wiki/Ethyl_acetate
http://en.wikipedia.org/wiki/Ethyl_acetate
http://en.wikipedia.org/wiki/Hexane
http://en.wikipedia.org/wiki/Hexane
http://en.wikipedia.org/wiki/Iodine
http://en.wikipedia.org/wiki/Iodine
http://en.wikipedia.org/wiki/Dichloromethane
http://en.wikipedia.org/wiki/Dichloromethane
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DATA PRESENTATION:

Include the following in your formal laboratory report discussion:

• Trace each TLC plate that you run in your notebook and label it 
completely. Do not tape or place the TLC plate directly into your 
notebook! Labeling includes identifying each compound or un-
known that was spotted on each lane of the TLC plate, marking the 
height of the solvent front on the TLC plate, identifying the solvent 
mixture that was used to develop each TLC plate, describing the 
“visualization” methods used, and calculating the Rf value for 
each spot. Remember to write down your unknown numbers!

• Include the following in your lab report:
# 1. What solvent system(s) worked best in your analyses?   #
# # Should you expect to use a single solvent system for       
# # positive identification of each of these unknowns?
# 2. What are the components of each of the unknowns you       
# # analyzed? What are the unknowns?

Additional Pre-Lab Questions:

• What must be done to improve the TLC analysis in each of the fol-
lowing situations:

a) The spots are too large and form a streak making it difficult to see 
separate compounds.

b) The spots have an Rf value above 0.8 and are not well resolved 
when the solvent is 4:1 (ethyl acetate : hexane).

c) The spots have an Rf value less than 0.2 and are not well resolved 
when the solvent is 4:1 (hexane : acetone).

• Why do you have to dilute both liquid and solid compounds in a 
solvent before spotting them on a TLC plate?

• What can you say about the relative polarities of two compounds 
when compound A has an Rf value of 0.75 and compound B has 
an Rf value of 0.15 on a silica gel TLC plate.



EXPERIMENT 6

In this experiment you will learn how enanti-
omeric compounds differ in some ways and how 
they are identical in other ways. You will work in 
a group and compare the physical behavior of 
two enantiomeric compounds found in the essen-
tial oils of spearmint and caraway. The com-
pounds, (S)-carvone and (R)-carvone, will be 

compared by TLC, index of refraction, optical            
rotation, and infrared 
spectroscopy (IR).  How 
many stereocenters does 
(S)-carvone possess?

Laboratory Techniques:

1. Be able to utilize the 
polarimeter to determine 
optical rotation and to 
distinguish between the two 
enantiomorphic forms of a 
molecule.

2. Be able to use FTIR to 
identifiy characteristic 
functional groups on 
organic molecules.

Spearmint and Caraway Oils: Introduction 
to Optical Rotation and IR Spectroscopy
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O
CH3

H
CH3

O
CH3

H
H3C

(R)-carvone(S)-carvone

The chiral forms of the carvone molecule on top of the chiral forms of the human hand. The left enantiomer of car-
vone is found in dill and caraway seeds, while the right enantiomer is found in spearmint essential oil. Image

http://www.dgaryyoung.com/blog/tag/pure-essential-oils/
http://www.dgaryyoung.com/blog/tag/pure-essential-oils/
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You will work in groups of four on this project.  With a partner, you 
will analyze either d- or l-carvone.  The other pair in your group will 
analyze the other enantiomeric carvone.  With your partner, perform 
the following analyses on your unknown compound:

A. Determination of Optical Rotation, TLC, Refractive Index

• Work in your group of two to obtain the polarimetry data for your 
enantiomer of carvone.  Prepare your sample for a polarimeter 
reading by making 10 ml of a 10% solution (by weight).  Specifi-
cally, weigh out 1.00 g (+/- 0.10 g) of your unknown into a 10 mL 
volumetric flask and add methanol to the 10 mL mark. What sol-
vent are we using to dissolve the carvones in the polarimetry ex-
periment? Transfer the solution to a 1.0 dm polarimeter tube and 
measure the rotation angle, alpha. Save a portion of your polari-
metry solution for later TLC analysis.  Promptly clean the volu-
metric flask and polarimeter cell by rinsing with methanol, and re-
turn all glassware to the polarimetry area. Exchange polarimetry 
data with the other pair of students in your group. NOTE:  The po-
larimeter cells are VERY expensive ($180 each). Please handle 
them with care. Do you expect the optical rotations of each enanti-
omer to be the same or different?

• Find the refractive index of your pure sample. Do you expect the 
refractive indices of both enantiomers to be the same or different?

EXPERIMENTAL PROCEDURE:TECHNIQUE: Refractometry
## The refractive index (n) is a fundamental 
physical property of a substance and can be 
used to confirm the identity of a compound, 
confirm the purity of a composition, or meas-
ure the concentration of a compound. 
#Fundamentally, as light passes through 
different materials the wavelength and veloc-
ity of the radiation is reduced (with respect to 
the light’s values as it passes through a vac-

uum). Broadly defined, for a given vacuum wavelength of light (lo), 
the resulting wavelength in the medium is l=lo/n. Therefore, a vac-
uum has a refractive index of 1. For visible light most transparent 
compounds have a refractive index between 1 and 2. Why is a re-
fractive index less than 1 impossible?
# For your experiments you will 
be measuring your samples using yel-
low light (the sodium D-line with a 
wavelength maxima at 589 nm). It is 
important to note that the refractive 
index is strongly influenced by tem-
perature. Most measurements are 
taken at room temperature and are re-
ported as nD20, where “n” is the re-
fractive index, “D” is the 589 nm 
wavelength, and the 20 is the tempera-
ture in Centigrade.  As an example, 
the RI of water at 20 degrees taken at 
the Sodium D line is: 1.3330 D20

Visible light passing through air (RI = 1.0003 D0)
and water (RI=1.3330 D20). Image 

http://en.wikipedia.org/wiki/Carvone
http://en.wikipedia.org/wiki/Carvone
http://en.wikipedia.org/wiki/Refractive_index
http://en.wikipedia.org/wiki/Refractive_index
http://en.wikipedia.org/wiki/Fraunhofer_lines
http://en.wikipedia.org/wiki/Fraunhofer_lines
http://schools.matter.org.uk/content/Refraction/
http://schools.matter.org.uk/content/Refraction/
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• Use your polarimetry sample for TLC analysis, spotting the 10% 
methanolic solution on the TLC plate (see Thin Layer Chromatog-
raphy). Obtain a sample of the other enantiomer of carvone dis-
solved in methanol from the other pair of students in your group. 
Analyze both R- and S-carvone on the same TLC plate.  Develop 
the TLC sheet with a mixture of hexane and ethyl acetate (try 4:1 
hexane : ethyl acetate to start with).  UV light should work well to 
visualize the two compounds on the TLC plate. Each student 
should run their own TLC plates using the two enantiomeric 
methanolic carvone solutions from the polarimetry experiment. 
Do you expect the Rf values for both enantiomers to be the same 
or different?

B. Analysis by Infrared Spectroscopy

• Each student should take an infrared spectrum of either the R- or 
the S-carvone enantiomer.  Work with the other pair of students in 
your group so that each of you obtains IR spectra of both enanti-
omers.  If you each print two copies of your IR spectrum, you can 
exchange spectra for your lab reports. 

• To take an infrared spectrum of your carvone sample, place a very 
small amount (about 1/2 drop) of the pure compound on the sam-
ple window.  Use the “Find Peaks” icon to show the exact fre-
quency of each absorption peak in the spectrum.  Be sure to use 
the pure R- and S-carvones for the IR analysis, not the polarimetry 
sample that contains methanol.

• Compare and share your data with the other pair in your group.  
You should have data for all four parts of this experiment for both 
the d- and the l-carvone: two refractive indices, two sets of optical 
rotation data, a TLC plate with two spots, and two IR spectra.

Include the following in your formal laboratory report discussion:
• Describe how you made each physical measurement, and report the 

results for both R- and S-carvones. 

• Calculate the specific rotation and the optical purity of the two car-
vone enantiomers (for help with these calculations see your text-
book: Section 5.4, pp. 205-210).

• In which measurements were the R- and S-carvones identical? 
Which were different?  Why?

Additional Pre-Lab Questions:
• If the bp of (S)-carvone is 231 degrees, would you expect the bp of 

the enantiomer to be higher, lower, or the same?

• Why do the two enantiomers of carvone smell different? 

• Draw the enantiomer of (S)-carvone shown on the board.

• If you diluted a 1g/dL sample of (+)-carvone, would you expect the 
observed optical rotation to increase or decrease?

• If you combined a 1g/1dL sample of (S)-carvone with a 1g/dL sam-
ple of (R)-carvone, predict what you would measure for the optical 
rotation.

DATA PRESENTATION:
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Applications of Organic Chemistry
Very few fields have benefitted as 
much from synthetic materials as 
modern sports. Climbing, in par-
ticular, has evolved from an activ-
ity laden with heavy, ineffectual 
materials such as wool and hemp, 
to one where ultra-light weight 
protective gear, ropes, shoes and 
clothing is the norm. Reducing 
the overall weight that climbers 
must carry up rock faces has fun-
damentally altered what is possi-
ble in this sport. Indeed, much of 
what is now considered begin-
ner’s climbs (5.5 - 5.7) would have 
been at the limits of most 
climber’s abilities 50 years ago.

Brody Greer and Dave 
Littman on Tales of the 
Scorpion (VI 5.10 A3+), 
Zion National Park, Utah
Photo by Eric Draper,
 Image

http://www.climbing.com/leadingoff/
http://www.climbing.com/leadingoff/


EXPERIMENT 7

The team time trial in the Tour de France. On this particular section of the Tour teams can av-
erage over 60 km/h (38 mph). All attempts are made to reduce the overall weight of the riders. 
Clothing is produced from a synthetic fiber (polyurethane-polyurea copolymer); helmets are 
made from either polystyrene, polycarbonate, or carbon fiber; and the bikes are primarily pro-
duced from carbon fiber (made from a precursor polymer such as polyacrylonitrile with a com-
posite resin binding agent). Image 

Polymer Chemistry: Polyesters, Nylon, 
and Polystyrene
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Polymers are high molecular weight molecules 
(~1,000 to 10,000,000 MW) made up of many repeat-
ing units of a simple monomer unit. There are many 
examples of these materials, including dacron, poly-
ethylene, teflon, nylon, and polyurethane. These ma-
terials are solid and since they can easily be molded, 
they are rapidly replacing metals in nearly all manu-
facturing applications.

http://en.wikipedia.org/wiki/Tour_de_France
http://en.wikipedia.org/wiki/Tour_de_France
http://en.wikipedia.org/wiki/Polymer
http://en.wikipedia.org/wiki/Polymer


Synthetically, polymers are classified as 
condensation or addition polymers. Con-
densation polymers are formed when di- 
or poly-functional molecules react with 
each other with the elimination of a small 
molecule (like H2O or HCl). Addition poly-
mers are formed when monomer units 
add to each other in a step-wise fashion to 
ultimately produce high molecular weight 
molecules. 

Polymers are classified as either ther-
moplastics or thermoset plastics. Ther-

moplastics can be melted and remolded over and over again. Ther-
moplastic molecules are usually linear with 
virtually no cross-linking between strands. 
Thus the molecules easily “slip” past one an-
other at elevated temperatures. Thermoset 
plastics cannot be melted and remolded due 
to extensive crosslinking between strands. In 
cross-linked structures, the molecules cannot 
“slip” past one another, and a rigid structure 
results.  Most recyclable plastics are thermo-
plastics. What is the major difference between 
thermoset and thermoplastics?
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This iPad cover is composed of 
polyurethane, a condensation 
polymer. 

Many new glasses (including 
most eyeware) are composed of 
polycarbonate, a condensation 
polymer, and not actually glass.

Legos are polyethylene and 
polypropylene; addition, 
thermoplastic polymers.

Climbing rope is com-
posed of woven Nylon 
(a polyamide, condensa-
tion polymer). The elas-
ticity of the rope is in-
trinsically linked to the 
molecular structure of 
the polymer backbone.

Cross linking prevents the polymer structure from disentangling itself 
when heat is applied. Image

http://en.wikipedia.org/wiki/Condensation_polymer
http://en.wikipedia.org/wiki/Condensation_polymer
http://en.wikipedia.org/wiki/Addition_polymer
http://en.wikipedia.org/wiki/Addition_polymer
http://en.wikipedia.org/wiki/Thermoplastic
http://en.wikipedia.org/wiki/Thermoplastic
http://en.wikipedia.org/wiki/Thermoplastic
http://en.wikipedia.org/wiki/Thermoplastic
http://en.wikipedia.org/wiki/Thermosetting_polymer
http://en.wikipedia.org/wiki/Thermosetting_polymer
http://en.wikipedia.org/wiki/Cross-link
http://en.wikipedia.org/wiki/Cross-link
http://nrc-cnrc.gc.ca
http://nrc-cnrc.gc.ca
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EXPERIMENTAL PROCEDURE:

Complete sections A, B, and C. If time permits you can do all four 
experiments for extra credit. You may perform the experiments in 
any order. Parts A and B require the most amount of time, so it is 
advisable for you to begin setting those up first.

A. Preparation of Linear and Cross-Linked Polyesters

• Place 1 g of phthalic anhydride and 0.05 g of sodium acetate in 
each of two small test tubes.  To one tube add about 1/2 mL of 
ethylene glycol (very viscous liquid!) and to the other add about 
1/2 mL of glycerol.  Clamp both tubes so that they can be heated 
simultaneously with a heating mantle.  Heat the tubes gently un-
til the solutions appear to boil, then continue heating for about 1 
hour.  Allow the tubes to cool to room temperature, and compare 
their properties. Which alcohol starting material makes a cross-
linked polymer?

B. Degredation of Polyesters. One Way to Recycle PETE

• This reaction will consume most of the laboratory period. Use 
scissors to cut a clean PETE bottle into ¼ inch pieces or smaller. 
Though 2-liter soda bottles are satisfactory, others such as Heinz 
ketchup bottles are better because they are constructed of 3 
shells each of which is thinner than the single shell of soda bot-
tles. You will only need 1.0 g of cut PETE for this activity.
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O
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Cross-Linked Polymer

TECHNIQUE: Refluxing a Reaction Mixture
# One of the most common reaction conditions that you will en-
counter in organic synthesis is to “reflux” a reaction mixture. To re-
flux is nothing more than keeping the reaction mixture at its boil-
ing point for prolonged periods of time. This temperature is the 
maximum temperature to which you can heat a reaction without 
applying external pressure. What is the temperature at which wa-
ter refluxes in Durango?
# Unfortunately, there is an intrinsic problem with doing this: 
boiling a liquid means converting it from a liquid phase to a vapor. 
As a result, if you wanted to reflux a reaction for 24 h, it is unlikely 
that much, if any of the liquid would remain in the flask after that 
time period (think reducing a stew on your stove by sim-
mering the water for ex-
tended periods of time). 
Therefore, whenever chem-
ists want to perform a re-
flux we attach a special 
piece of glassware to the 
top of our reaction flask: 
the water cooled reflux con-
denser. The condenser is 
jacketed with cold flowing 
water that re-condenses 
the vapor produced from 
the reflux. Gravity then 
forces the resultant liquid 
to drop back into the reac-
tion flask. The result is a 
net zero loss of reaction vol-
ume despite heating to the 
boiling point of the liquid. 
Be able to draw a diagram (with labels) of a reaction undergoing 
reflux

http://en.wikipedia.org/wiki/Phthalic_anhydride
http://en.wikipedia.org/wiki/Phthalic_anhydride
http://en.wikipedia.org/wiki/Sodium_acetate
http://en.wikipedia.org/wiki/Sodium_acetate
http://en.wikipedia.org/wiki/Ethylene_glycol
http://en.wikipedia.org/wiki/Ethylene_glycol
http://en.wikipedia.org/wiki/Glycerol
http://en.wikipedia.org/wiki/Glycerol
http://en.wikipedia.org/wiki/Polyethylene_terephthalate
http://en.wikipedia.org/wiki/Polyethylene_terephthalate
http://en.wikipedia.org/wiki/Polyethylene_terephthalate
http://en.wikipedia.org/wiki/Polyethylene_terephthalate
http://en.wikipedia.org/wiki/Polyethylene_terephthalate
http://en.wikipedia.org/wiki/Polyethylene_terephthalate
http://en.wikipedia.org/wiki/Reflux
http://en.wikipedia.org/wiki/Reflux


• To a 25 mL round bottom flask add 7 mL of pentanol, 1.0 g of 
PETE, and 1.0 g of KOH.  Affix a condenser and use a heating 
mantle to heat the mixture to reflux while stirring with a mag-
netic stirrer. (The PETE does not dissolve in the solvent.)  After a 
short time a thick white suspension results; if stirring becomes 
impossible, more solvent may be added; check with your instruc-
tor before doing so. Continue the reflux for a total of 1.5 hr.

• After the reaction mixture has cooled to room temperature, add 
25 mL of water to the reaction flask and stir to dissolve the white 
terephthalate salt that is present.  Transfer the mixture to a large 
test tube.  Remove the upper organic layer with a pipet. Pour the 
lower aqueous layer containing the terephthalate salt into a 50 
mL Erlenmeyer flask.  

O

O

O

O
O

1. KOH, Pentanol
2. HCl, H2O

OH

O

HO

O

HO OH
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• Place a magnetic stirbar in the flask. While stirring slowly add 
dilute HCl to acidify the aqueous extracts to pH 2. Note that if 
the HCl is added rapidly, the terephthalic acid may form such 
fine crystals that filtration is difficult.  Cool the acidified mixture 
in an ice bath.  Use suction filtration to collect the white 
terephthalic acid that has formed. Turn in your terephthalic acid 
sample in a properly labeled vial after it has dried completely on 
a watch glass.

C. FT-IR Analysis of an Unknown Polymer

• Bring in a sample of a transparent plastic film or find a piece of 
transparent plastic from lab and take an IR spectrum of it on the 
ATR FT-IR.  Identify the unknown polymer by comparing the IR 
spectrum to the spectra of known polymers using the IR data-
base on the ATR FT-IR. Draw the molecular structure of the re-
peating polymer backbone on the IR and include it in your lab 
report.

D. Preparation of Nylon

• Pour 10 mL of a 5 % aqueous solution of hexamethylenediamine 
into a 50 mL beaker. Add 10 drops of sodium hydroxide solu-
tion. Carefully add 10 mL of a 5% solution of adipoyl chloride in 
cyclohexane to the solution by pouring it down the wall of the 
slightly tilted beaker. Two layers will form and there will be an 
immediate formation of a polymer at the liquid-liquid interface. 
Using a copper wire hook, the polyamide and draw out the      
nylon.

Hyundai QarmaQ’s shell is 
composed of recycled polyeth-
ylene terphthalate (PETE) 
from plastic bottles. Image 
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Copper hook

Diacid chloride
in organic solvent

Diamine in water

Polyamide film
forming at inter-
face

• If you are careful and slow you can pull out several feet of nylon 
thread. Rinse the rope several times with water and dry on a pa-
per towel.
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• Be sure to wash your nylon well with water in the hood. Cau-
tion:  HCl gas is generated in this reaction.  To avoid noxious 
fumes, please keep the nylon in the hood!

WASTE DISPOSAL

Flammable waste for all organic liquids. Make sure to thoroughly 
mix the nylon layers together before disposing in a waste con-
tainer. Also, do not discard the nylon down the sink; use a waste 
container.

Interfacial (between surfaces/phases) synthesis of nylon. As the thread 
is slowly removed more of the two reagents are exposed to each other. 
This, in turn, generates additional nylon polymer. Image

http://www.sciencephoto.com/
http://www.sciencephoto.com/


DATA PRESENTATION:

Include the following in your formal laboratory report discussion:

• Describe how you made each polymer. Also describe the physical 
characteristics of the plastic.

• Write a chemical equation for each reaction that you performed.

• Explain what type of polymer is prepared in each of your experi-
ments: Did you make a condensation or an addition polymer? A 
termoset plastic or a thermoplastic?

• Include the IR of the polymer and its structure in your lab report

• Give 5 examples of objects that contain the polymer that you found 
in the IR in section C. Do not include the object that you used to 
take the IR. Make sure to cite your sources if necessary.

Additional Pre-Lab Questions:
Note: For help on some of these questions see the following sections 
in your textbook (Klein): Chapter 9.3 (p. 405), Chapter 27 (p. 1269)
• Draw the structure for the polymer produced from the monomer 

vinylidene chloride (CH2=CCl2).

• Draw the structure of the copolymer produced from vinyl acetate 
and vinyl chloride. This copolymer is employed in some paints, ad-
hesives, and paper coatings.
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• Isobutylene (CH2=C(CH3)2) is used to prepare cold-flow rubber. 
Draw a structure for the addition polymer formed from this         
alkene.

• Kel-F is an addition polymer with the following partial structure. 
What is the monomer used to prepare it?

• Maleic anhydride reacts with ethylene glycol to produce a resin. 
Draw the structure of the condensation polymer produced.

• Kodel is a condensation polymer made from terepthalic acid and 
1,4-cyclohexanedimethanol. Write the structure of the resulting 
polymer.
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O
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Vinyl Acetate Vinyl Chloride



EXPERIMENT 8

Soaps: 
Soaps have been used for thousands of years.  Many soaps are 
natural constituents of plants, known as saponins.  The manufac-
ture of soaps has a long history as well and depends upon a sim-
ple chemical reaction called saponification.  In this process, an 
animal or plant oil or fat is heated with an alkali such as sodium 
hydroxide in water.  This reaction changes ester linkages in the 

triglycerides of the fat or oil to the triol, glycerol (C3H8O3), and 
the sodium salt of a long chain carboxylic acid (from 16 to 20 car-
bon atoms) called a carboxylate salt.  This salt has the character-
istics we associate with soaps:  the ability to form bilayer mem-
branes when shaken in air (creating bubbles), and creating mi-
celles (microscopic, invisible water soluble droplets) in the pres-
ence of greasy non-polar materials.

Triglyceride molecules (center) can be readily converted to soap or biodiesel. Simply by changing the reaction conditions, either a surfactant (soap) 
or a long-chain ester (diesel fuel) is produced.

Synthesis of Soap or Biodiesel
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Detergents are another form of cleansing agent that features long 
chain sulfonate salts in place of the carboxylate salts of soaps.  The 
solution chemistry of soaps and detergents differs because of the dif-
ferent solubilities of the metal salts, such as Fe+3 and Ca+2, of long 
chain sulfonates and long chain carboxylates in water. 

 Examples of an aggregate of sur-
factant molecules dispersed in a 
liquid colloid. The hydrophillic 
and hydrophobic groups (car-
boxylate salt and hydrocarbon 
tail respectively) self-associate to 
form bilayer supramolecular 
structures. These structures, 
called micelles and liposomes, 
are readily formed when soaps 
are placed in an aqueous environ-
ment. Image
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Soap

Detergent

Biodiesel: 
The United States is the largest consumer of fossil fuels in the world, 
and each year we consume more than 125 billion gallons of gasoline 
and 60 billion gallons of diesel fuel.  Shipping and agriculture ac-
count for most of the diesel fuel used in the U.S. by semi-trucks, 
boats, trains, and farm machinery.  Diesel powered cars typically get 
better mileage compared to gasoline-powered cars, but both gasoline 
and diesel are petroleum products.  The Earth’s supply of fossil fuels 
is limited and efforts are underway to replace these non-renewable 
sources of power with renewable ones.  

Image generated by:  BP statistical review of world energy

http://en.wikipedia.org/wiki/Detergent
http://en.wikipedia.org/wiki/Detergent
http://en.wikipedia.org/wiki/Micelle
http://en.wikipedia.org/wiki/Micelle
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# Biodiesel has shown some promise as a readily available, renew-
able replacement for petroleum derived diesel fuel and can be synthe-
sized by individuals in their garage or on an industrial scale.  Most 
notably, biodiesel can be synthesized from waste cooking oil, and the 
U.S. restaurant industry produces 3 billion gallons of used cooking oil 
per year.  Production of biodiesel from this waste oil would have a 
dramatic environmental impact, both by reducing the amount of oil 
that ends up in landfills and by utilizing a renewable resource to 
power cars and trucks. 
# The use of biodiesel in vehicles also reduces the amount of the 
greenhouse gas carbon dioxide released into the environment. How 
does using biodiesel reduce greenhouse emissions? This is because 
the carbon in the biodiesel was absorbed by the corn plants from the 
atmosphere and stored as corn oil.  This carbon dioxide is released 
back into the atmosphere upon combustion of the fuel in an engine. 
According to the EPA's Renewable Fuel Standards Program Regula-
tory Impact Analysis released in February 2010, biodiesel from vegeta-
ble oil results, on average, in a 57% reduction in greenhouse gases 
compared to fossil diesel, and biodiesel produced from waste grease 
results in an 86% reduction. 
# From a structural standpoint it should be noted that while 
biodiesel is called “diesel”, the two fuels are intrinsically different on 
a molecular level. Diesel actually refers to a mixture of long chain, 
saturated hydrocarbons (typically C10 to C15 in length) mixed with aro-
matic hydrocarbons such as naphthalenes and alkylbenzenes. Biodie-
sel on the other hand is the fatty acid methyl ester from the transesteri-
fication reaction of triglycerides. 

O

O
Biodiesel

Diesel

CH3

EXPERIMENTAL PROCEDURE:
During this lab you can choose to prepare either soap by a saponifi-
cation reaction or biodiesel by a transesterification reaction. Is soap 
an ionic compound?
A. Preparation of Soap

• Begin by preparing a fully dissolved solution of sodium hydroxide 
(2.5 g) in 10 mL water and 10 mL 95% ethanol. What base are we us-
ing to prepare soap from fat? Weigh out 5 g of either shortening, 
cooking oil, or lard (typically a commercial solid shortening works 
best) in a 250 mL beaker. Add the basic solution to the fat.

• Heat the mixture for at least 45 minutes in a boiling water bath. To 
make a boiling water bath, partially submerge the 250 mL beaker in 
a larger beaker filled with boiling water. Prepare 20 mL of 1:1 solu-
tion of ethanol:water and add it over the 45 min period. Stir the mix-
ture occasionally with a glass stir rod.

• Prepare a solution of brine (25 g of sodium chloride in 75 mL water) 
in a 400 mL beaker. You may need to heat the solution for complete 
dissolution. If this is the case you need to cool the brine solution in 
an ice bath. Pour the hot mixture into the cooled salt solution. Stir 
the mixture for several minutes and then let it cool to room tem-
perature in an ice bath.
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• Using a Buchner funnel equipped with filter paper, collect the pre-
cipitated soap. Rinse the soap in the funnel with portions of ice-
cold water. Draw air through the soap to dry the product partially. 
Weigh the soap.

B. Synthesis of Biodiesel Is biodiesel an ionic compound?

• Add 0.35 g of finely ground NaOH to 20 mL of methanol in a 250 
mL Erlenmeyer flask containing a magnetic stirbar.  Stir vigorously 
until all of the NaOH has dissolved.  The flask now contains a solu-
tion of sodium methoxide. Draw an acid base reaction with curved 
arrows depicting the reaction of NaOH with methanol.  Sodium 
methoxide is a strong base and should be handled with care.

• Warm up 100 mL of vegetable oil to 40 oC in a 250 mL beaker.  What 
is the triglyceride starting material for the synthesis of biodiesel? 
Warming the oil increases the reaction rate and allows for the com-
pletion of the reaction during the allotted time. Pour the oil into the 
sodium methoxide solution while stirring vigorously.  Continue to 
vigorously stir for 15-30 minutes.

• Transfer the reaction to a 250 mL separatory funnel (see Liquid Liq-
uid Extraction).  The emulsion will slowly begin to separate into 
two layers.  The denser glycerol will fall to the bottom, and the less 
dense biodiesel will remain on top. In the biodiesel lab, which prod-
uct forms the bottom layer? Which forms the top layer? While com-
plete separation will occur after an hour, use a pipette to obtain a 
few drops of the biodiesel layer and glycerol layer.  Make sure you 
obtain a sample that is not cloudy.  Obtain an IR spectrum of the 
biodiesel and obtain an IR spectrum of the glycerol.

• After the biodiesel and glycerol have sufficiently separated (or after 
an hour), collect the glycerol in a small, preweighed beaker.  Make 
sure not to get any biodiesel in the glycerol.  If there is a cloudy 
emulsion between the two layers, drain this into another beaker.  
Finally, drain the pure non-cloudy biodiesel layer into a second 
preweighed beaker.  

  

WASTE DISPOSAL

Organic waste in the waste container provided.
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glycerol biodiesel

Types of fatty acids and percentages found in corn oil:

R =

R =

R =

saturated fat

monounsaturated fat

polyunsaturated fat

palmitic acid ~10%

oleic acid ~27%

linoleic acid ~53%

http://en.wikipedia.org/wiki/Sodium_methoxide
http://en.wikipedia.org/wiki/Sodium_methoxide
http://en.wikipedia.org/wiki/Sodium_methoxide
http://en.wikipedia.org/wiki/Sodium_methoxide
http://en.wikipedia.org/wiki/Sodium_methoxide
http://en.wikipedia.org/wiki/Sodium_methoxide
figure:7CD85FFD-F91C-442B-BDA3-88227DD289A1
figure:7CD85FFD-F91C-442B-BDA3-88227DD289A1
figure:7CD85FFD-F91C-442B-BDA3-88227DD289A1
figure:7CD85FFD-F91C-442B-BDA3-88227DD289A1
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DATA PRESENTATION:

Soap Lab
Include the following in your formal laboratory report discussion:

• Ivory soap is made from beef tallow (you can find the structure on 
wikipedia). Assuming that you used tallow in your soap experi-
ment, draw the structure of the triglyceride found in your oil or fat 
and the soap reaction products: glycerol and the carboxylate salts.  

Additional Pre-Lab Questions:

• Coconut oil is primarily composed of C12, saturated esters ap-
pended to the glycerol backbone. Why is soap derived from coco-
nut oil so soluble in water?

• Sodium acetate and sodium propionate are poor soaps. Why?

Biodiesel Lab
Include the following in your formal laboratory report discussion:

• Fully interpret the IR of glycerol and biodiesel.  Compare these to 
known IR spectra of vegetable oil, glycerol and biodiesel.  Which 
peak in the IR spectrum of glycerol is not present in the IR spectra 
of vegetable oil or biodiesel?  Which peak in the IR spectrum of 
biodiesel is not present in the IR spectrum of glycerol?  Include the 
IR spectra in your lab report.

Additional Questions (to be answered at the end of the report):

• What is more polar, glycerol or biodiesel?

• When the reaction for making biodiesel occurs, two layers are 
formed: biodiesel and glycerol. In which layer will most of each of 
the following substances be found? 

# # CH3O-# Na+# # OH-



EXPERIMENT 9

Natural Product Isolation
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# Plants have provided and continue to provide the inspiration and foundation for 
modern medicines. However, in the 21st century vernacular the word “chemical” stands jux-
taposed to the term “natural”, and increasingly in public opinion the two are considered 
mutually exclusive occurrences. It is common to assume that chemicals are the domain of 
the scientific laboratory, arising out of beakers and flasks at the hands of people wearing 
thick lensed glasses, lab coats and having poor communication skills. The word “chemical” 
is associated with toxicity and destructiveness. Conversely, anything “natural” is assumed 
to be harmless and beneficial. The connection 
that is not readily made is that chemicals make 
up all aspects of reality, from the very animate 
and biological to the inanimate mineral. The 
molecule synthesized by the chemist in the lab 
is physiologically identical to that produced by 
a plant.
# While it is true that many manmade 
chemicals are toxic, the same can be said about 
many compounds produced by plants (Socrates 
died by drinking poison hemlock tea). Chemi-
cals are not inherently good or bad, they just 
are.

H3C O

O

CH3

  Ethyl Butanoate
(Pineapple Scent)



# In order to demonstrate that the synthetic and the natural 
compound are the same, a bioactive molecule will be isolated from 
a plant and compared to synthetically manufactured equivalents 
using IR spectroscopy and TLC. You can choose to isolate either 
thymol from thyme (Thymus vulgaris), citral from lemongrass (Cym-
bopogen), or camphor from sagebrush (Artemisia tridentata).

Plant Background:

# Thyme (Thymus vulgaris): 
Thyme has a long history of use in 
Europe and the middle east. It was 
used by the Egyptians as part of their 
embalming process and the Sumeri-
ans wrote about its antiseptic and an-
tifungal properties. The herb occu-
pied a well loved position in popular 
cultures wherever it thrived, and was 
used most commonly as a food pre-
servative and to combat respiratory 
issues. The Romans associated thyme with courage and, with this 
in mind, used it extensively in ritual where it was burnt as incense, 
placed in helmets before war and drank as an infusion.

# Today, thyme maintains its popularity and, as well as being a 
culinary mainstay, is now used and studied in phar-
macology for the very properties that have been attrib-
uted to it over the ages. Thyme’s antiseptic properties 
can be attributed to the thymol molecule. Thymol is 
the active ingredient in ListerineTM and has been stud-
ied extensively. 

# Sagebrush (Artmisia tridentata): Sagebrush is the keystone spe-
cies of the semi-arid temperate regions of North America, and it 
has a long history of 
traditional use in re-
gions where it 
grows. Decoctions of 
sagebrush were used 
to treat the flu, men-
strual disorders and 
indigestion. Its char-
acteristic scent is due 
to a combination of 
highly volatile com-
pounds, one of 
which is camphor. 

# Camphor was originally isolated from the camphor laurel 
tree indigenous to southeast Asia, where it was known as 
“dragon’s brain perfume” in reference to its invigorating odor. It 
was first brought from the far east to the west via Indian merchants 
as an exotic perfume in the 6th century. It continued to play a role 
in trade from that time. Camphor has been used med-
icinally in much the same way as it is now. Today it 
is manufactured on a commercial level and functions 
as a cough suppressant in products such as Vicks Va-
poRubTM. It is also the active ingredient in some anti-
pruritic creams.

# Lemongrass (Cymbopogon citratus): Citronella is mentioned in 
the Bible and in ancient Hindu texts. The name citronella and 
lemongrass are often used synonymously, but in fact there are sev-
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O

Camphor



eral species of Cymbopogon that 
yield citronella oil. Commer-
cially two subspecies of Cymbo-
pogon nardus, commonly called 
the Java and Ceylon types, are 
utilized as the main sources of 
citronella oil. It has consistently 
been one of a handful of aro-
matic essential oils contributing 
significantly to international 

trade and the economies of those exporting the oil. Citronella is 
still commonly used as an ingredient in fragrances and as an insect 
repellant. It is one ingredient in Burt’s Bees Lip BalmTM. One of the 
main compounds in the oil is citral which has demonstrated antimi-
crobial activity. Its use as an insectifuge is 
due to its interaction with insect phero-
mones.

Biosynthesis:

# Biological systems use enzymes to facilitate chemical transfor-
mations.  Nature uses enzymes to perform chemical transforma-
tions using  the mechanisms and reactions described in the organic 
chemistry classroom.  In plants two isoprene units attached to two 
phosphate groups forms the basic monoterpene building block, 
geranyl pyrophosphate. How many carbon atoms are in isoprene?  
Through substitution, elimination, cyclization and oxidation reac-
tions geranyl pyrophosphate is modified into acyclic, monocyclic 
and bicyclic molecules.  The molecules isolated in this lab repre-
sent just three of many possible outcomes in the biosynthetic modi-
fication of geranyl pyrophosphate.  Though each compound pos-

sesses unique characteristics in terms of both structure, smell and 
physiological action, ultimately their origins share a unified biosyn-
thetic precursor.

#  #
#
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# Thymol is a monocyclic monoterpene phenol biosynthesized 
from geranyl pyrophosphate. Initial cyclization is assisted by a 
monoterpene cyclase enzyme.  This step leads to the α-terpenyl cat-
ion, a crossroads molecule in the biosynthetic pathway of many ter-
penoids.  A 1,2 – hydride shift followed by an elimination (affected 
by a monoterpene synthase enzyme) results in γ-terpinene.  From 
this point, cytochrome P450 monooxygenase facilitates a series of 
oxidative transformations, and thymol is produced. How many hy-
drogens must be removed to convert γ-terpinene to thymol?

! Camphor is a bicyclic monoterpene biosynthesized from gera-
nyl pyrophosphate. How many isoprene units are there in geranyl 
pyrophosphate? In both thyme and sagebrush geranyl pyrophos-
phate is modified by a monoterpene cyclase enzyme to produce 
the α-terpenyl cation.  From this point the pathways diverge due to 
the action of different enzymes.  In sage brush, the α-terpenyl cat-
ion undergoes a secondary intamolecular cyclization by the en-
zyme bornyl pyrophosphate synthase, with concomitant hydroly-
sis by bornyl pyrophosphate hydrolase.  Finally, borneol dehydro-
genase oxidizes the alcohol in borneol to a ketone to produce cam-
phor.

# Citral is a monoterpene that is synthesized from geranyl pyro-
phosphate. The enzyme geraniol synthase hydrolyzes the oxygen 
pyrophosphate bond to produce the terminal alcohol, geraniol.  
Oxidation of geraniol to the aldehyde by the enzyme geraniol dehy-
drogenase results in the citral molecule. How can you tell the differ-
ence between citral and geraniol on an IR?
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TECHNIQUE: Steam Distillation
# In principle, steam distillation works by separating volatile, 
water-insoluble compounds from non-volatile compounds 
through co-distillation (see Distillation Technique). Be able to draw 
a diagram of a distillation apparatus. Water and the non-volatile 
compounds present in the plant are immiscible and as such form a 
two phase system called a heterogeneous azeotrope. The com-
bined vapor pressures of the two compounds results in a lowered 
boiling point for the entire system.  As a result the water and vola-
tile compounds co-distill, which preserves the volatiles that would 
potentially decompose when exposed to higher temperatures.  
Steam distillation has been used for hundreds of years to isolate 
essential oils from plants.

# A simple distilla-
tion apparatus 
uses a set amount 
of water.  The 
plant material and 
the water are 
placed in a round 
bottom flask, 
which is attached 
to a condenser.  A 
receiving vessel 
collects the distil-
late, which con-
sists of water and 
volatiles. The or-
ganic component 
is then isolated 
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Choose one of the following three isolations to perform during 
the lab period:

A. Isolation of thymol from thyme

• Weigh out 10 g of dried thyme and place it in a high speed 
blender with 200 mL of distilled water. Blend until a fine slurry 
results. Transfer the slurry to a 500 mL round bottom flask, and 
place directly on the hot plate. Rinse the blender with an addi-
tional 50 mL of distilled water and add this to the distillation 
flask.  Attach a distillation apparatus to the round bottom flask. 
Use a 200 mL beaker as the receiving vessel. 

• Turn the heat on high and allow the distillation to proceed until 
approximately 100 mL of distillate has been collected.

• Transfer half of the collected distillate to a 125 mL separatory fun-
nel. Add 30 mL of diethyl ether to the funnel and shake the con-
tents. Drain the aqueous phase into a beaker. Add the remaining 
distillate to the organic phase in the sep. funnel. Shake the con-
tents and remove the aqueous layer again. Collect the organic 
layer. Add magnesium sulfate to the organic layer. Using a filter 
and funnel, gravity filter the organic layer to remove the magne-
sium sulfate.

• Place the filtrate directly on the heating mantle at medium heat. 
Remove the flask when bubbling ceases. 

• Prepare the TLC standard by dissolving 0.1 g of synthetic thymol 
in 5 mL of diethyl ether. 

EXPERIMENTAL PROCEDURE: • Compare the product to the standard using TLC. Develop the 
TLC plate in 4:1 hexanes/ethyl acetate. Describe how you would 
determine the Rf value for a TLC of one of your molecules.

• Obtain IR spectra of both the isolated molecule as well as the syn-
thetic standard.

B. Isolation of camphor from sagebrush

• Weigh out 10 g of dried sagebrush and place it in a high speed 
blender with 200 mL of distilled water. Blend until a fine slurry 
results. Transfer the slurry to a 500 mL round bottom flask, and 
place directly on the hot plate. Rinse the blender with an addi-
tional 50 mL of distilled water and add this to the distillation 
flask.  Attach a distillation apparatus to the round bottom flask. 
Use a 200 mL beaker as the receiving vessel. 

• Turn the heat on high and allow the distillation to proceed until 
approximately 100 mL of distillate has been collected.

• Transfer half of the collected distillate to a 125 mL separatory fun-
nel. Add 30 mL of pentane to the funnel and shake the contents. 
Drain the aqueous phase into a beaker. Add the remaining distil-
late to the organic phase in the sep. funnel. Shake the contents 
and remove the aqueous layer again. Collect the organic layer. 
Add magnesium sulfate to the organic layer. Why do we add 
magnesium sulfate to our organic layer? Using a filter and fun-
nel, gravity filter the organic layer to remove the magnesium sul-
fate.



• Place the filtrate directly on the heating mantle at medium heat. 
Evaporate the solvent until approximately 2 mL remain in the 
flask. Remove the flask from heat, and allow the remaining sol-
vent to evaporate at room temperature. (Note: Camphor pos-
sesses the unusual property of subliming at room temperature. 
Be careful not to evaporate off all of the solvent, since doing so 
will result in sublimation of the product.)

• After the solvent has evaporated, add 1 mL of diethyl ether to the 
flask and swirl. Use this to spot a TLC plate and to obtain an IR 
spectrum. (Note: it may appear that nothing remains in the flask, 
but take a whiff)

• Prepare the standard by dissolving 0.1 g of synthetic camphor in 
5 mL of diethyl ether. Compare the product to the standard using 
TLC. Develop the TLC plate in 4:1 hexanes/ethyl acetate. Which 
solvent is the polar phase and which is the nonpolar phase?

• Obtain IR spectra of both the isolated molecule as well as the syn-
thetic standard.

A. Isolation of citral from lemongrass

• Weigh out 10 g of dried lemongrass and place it in a high speed 
blender with 200 mL of distilled water. Blend until a fine slurry 
results. Transfer the slurry to a 500 mL round bottom flask, and 
place directly on the hot plate. Rinse the blender with an addi-
tional 50 mL of distilled water and add this to the distillation 
flask.  Attach a distillation apparatus to the round bottom flask. 
Use a 200 mL beaker as the receiving vessel.
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• Turn the heat on high and allow the distillation to proceed until 
approximately 100 mL of distillate has been collected.

• Transfer half of the collected distillate to a 125 mL separatory fun-
nel. Add 30 mL of diethyl ether to the funnel and shake the con-
tents. Drain the aqueous phase into a beaker. Add the remaining 
distillate to the organic phase in the sep. funnel. Shake the con-
tents and remove the aqueous layer again. Collect the organic 
layer. Add magnesium sulfate to the organic layer. Using a filter 
and funnel, gravity filter the organic layer to remove the magne-
sium sulfate.

• Place the filtrate directly on the heating mantle at medium heat. 
Remove the flask when bubbling ceases. 

• Compare the product to the standard using TLC. Develop the 
TLC plate in 4:1 hexanes/ethyl acetate.

• Obtain IR spectra of both the isolated molecule as well as the syn-
thetic standard.

WASTE DISPOSAL

Flammable waste for all organic liquids. The remaining plant mate-
rial can be disposed of in a trash receptacle. 



DATA PRESENTATION:
Include the following in your formal laboratory report discussion:

• Fully interpret the IR of your isolated molecule.  Compare these to 
known IR spectra of the synthetic standard. Identify all of the func-
tional groups that are present in your molecule and their corre-
sponding peak locations in the IR.  Include the IR spectra in your 
lab report.

• Given an IR spectrum of one of the three isolated molecules, de-
scribe how you would use IR to determine which molecule the 
spectra corresponds to (be specific). 

• Trace the TLC plate that you ran in your notebook and label it 
completely. Do not tape or place the TLC plate directly into your 
notebook! Labeling includes identifying each compound or un-
known that was spotted on each lane of the TLC plate, marking 
the height of the solvent front on the TLC plate, identifying the sol-
vent mixture that was used to develop each TLC plate, describing 
the “visualization” methods used, and calculating the Rf value for 
each spot. 

• Draw the biosynthetic pathway for your isolated molecule start-
ing from geranyl pyrophosphate. Identify all functional groups 
(except alkane) for all molecules on the pathway.

Additional Pre-Lab Questions:

• Given a functional group, determine whether it is capable of hydrogen 
bonding.

• Given two functional groups, determine which is more polar.
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Introduction to the 
Synthetic Preparation 
of Molecules

Synthetically prepared molecules are all around us. From the 
food we eat, to the clothes we wear, to the cars that we drive; 
we are very much reliant on molecules made by chemists. In 
this section we will combine the techniques introduced in ear-
lier sections with reactions that we have recently learned in 
lecture to successfully prepare and analyze new molecules. 
At the end of this section we will execute a multi-step synthe-
sis wherein the product outcome is not immediately appar-
ent. Ultimately, you will need to utilize your knowledge of re-
action mechanisms to help determine what you isolate from 
your flask.



EXPERIMENT 10

The rate at which a reaction takes place is of particular impor-
tance in chemistry because it provides information about the de-
tailed path over which reactants travel on their way to becoming 
products, i.e., the reaction mechanism.  The correct interpretation 
of rate data depends on knowledge of those factors that influ-
ence the rate of reaction, and these include:

• The structure of the compound entering into the reaction

• The temperature

• The solvent medium in which the reaction is carried out

• The concentrations of the reacting species (for most               
reactions)

Hydrangeas are a natural pH 
indicator. At neutral to high 
pH (6.5 to basic) Hydrangeas 
will have a pink hue. At low 
pH (5.5 and below) they will 
turn purple. If the soil pH is 
low enough (below 4.5) they 
will become blue. Image 

Nucleophilic Substitution (Sn1): Factors 
Affecting Rate

73

http://www.the-compost-gardener.com/%23axzz21eXdNon9
http://www.the-compost-gardener.com/%23axzz21eXdNon9
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# You will investigate some of these effects on a simple but impor-
tant process in organic chemistry, unimolecular solvolysis, also called 
the SN1 reaction.  Such a reaction involves three steps.  These steps 
are illustrated below with the reaction to be studied in this experi-
ment:  the hydrolysis of tert-butyl chloride:

# In the first step, the carbon-halogen bond of tert-butyl chloride 
breaks to form a reactive intermediate carbocation and a chloride ion. 
Draw the slow, rate-determining step for the solvolysis of tBuCl in 
water.  The carbocation, in the second step, reacts rapidly with water 
to form tert-butyl alcohol and a hydronium ion. Draw the carbocation 
intermediate formed in the solvolysis of tBuCl. Note that the reaction 
mixture becomes more acidic as the reaction progresses.
# In a multistep mechanism, the rate of the slowest step deter-
mines the overall rate of the reaction.  For this reaction, the first step 
is the rate-determining step, and hence the rate law is: rate = k[t-
BuCl].  In this reaction, the rate-determining step involves only one 
molecule; therefore, it is considered to be a unimolecular reaction.  
Many reactions require that two molecules collide with one another 
with sufficient energy before a reaction takes place.  These are called 
bimolecular reactions. An SN2 reaction is an example of a bimolecu-
lar reaction. 

H3C Cl
CH3

CH3
slow

H3C
CH2

CH3

Cl
fast

2 H2O
H3C OH

CH3

CH3

H3O

Reaction coordinate diagram for the Sn2 Reaction:

Reaction coordinate diagram for the Sn1 Reaction:

Images

http://en.wikipedia.org/wiki/SN1_reaction
http://en.wikipedia.org/wiki/SN1_reaction
http://en.wikipedia.org/wiki/SN2_reaction
http://en.wikipedia.org/wiki/SN2_reaction
http://guweb2.gonzaga.edu/faculty/cronk/CHEM240pub/L21-index.cfm?L21resource=reaction-coordinate-diagrams
http://guweb2.gonzaga.edu/faculty/cronk/CHEM240pub/L21-index.cfm?L21resource=reaction-coordinate-diagrams
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Note: All glassware must be dry at all times as the halides react 
with water. Use a little acetone to remove the water each time be-
fore using the glassware again.

# Obtain and place in labeled test tubes the following solu-
tions:  15 mL of 0.1 M NaOH in water and 25 mL of 0.1 M t-butyl 
chloride solution in acetone.  These two solutions will be used in 
Parts A, B and C of this experiment.   Later in the lab period, you 
should obtain the other three solutions: 6 mL of 0.1 M t-butyl bro-
mide in acetone, 3 mL of 0.1 M s-butyl bromide in acetone, and 3 
mL of 0.1 M triphenylmethyl chloride in acetone for use in Part D 
of this experiment.
! Practice your pipetting technique before starting.  Be sure you 
know how to deliver the correct amount of solution with each pipet 
(check with your lab instructor if you are unsure). Also make sure 
that you can repeatedly deliver the required amounts with good ac-
curacy.  Being consistent from run to run is crucial to obtain mean-
ingful data.  Use acetone sparingly to clean and dry glassware be-
tween each run.  After each run, collect the "waste" reaction mixture 
in a 250 mL Erlenmeyer flask, and at the end of the lab period dis-
pose all of the accumulated wastes in the waste container provided 
in the hood.

A. Determination of Time for 10% Reaction. Solvent Mixture is 
70% water - 30% acetone

# Repeat the following procedure two times.  Perform a third 
trial if your results differ in time by more than 10%. Describe your 
procedures in detail in your lab report.  

EXPERIMENTAL PROCEDURE:
# Record the time for 10% reaction, when the reaction solution 
turns from blue to green, and the reaction temperature.  Determine 
the average time in seconds.  Remember to do a third trial if the 
time differs by more than 10%.

• Pipet 3 mL (use the 10.0 ml pipet) of the 0.1 M t-butyl chloride so-
lution into a dry 25 mL Erlenmeyer flask and place the flask on 
white paper.

• Pipet 0.3 mL (use the 1.0 mL pipet) of 0.1 M sodium hydroxide 
solution into a second dry 25-mL flask and then add 6.7 mL (use 
a different 10.0 mL pipet) of distilled water.  Add several drops of 
bromphenol blue indicator solution to the flask with water and 
sodium hydroxide.

• Measure the temperature of the water solution and then pour the 
acetone solution of 0.1 M t-butyl chloride into the basic water so-
lution. Swirl for a second and then immediately pour the solution 
back into the other flask to ensure complete mixing of the two so-
lutions.  Note the time and then wait for the indicator to turn 
from blue to green. Note the temperature of the reaction mixture 
and the time when the color change occurs. This is the time re-
quired for 10% reaction. 

• Before beginning a new experiment, rinse the two flasks with wa-
ter followed by a little acetone and allow them to drain. Why do 
we rinse flasks between experiments?

http://en.wikipedia.org/wiki/Tert-Butyl_chloride
http://en.wikipedia.org/wiki/Tert-Butyl_chloride
http://en.wikipedia.org/wiki/Tert-Butyl_chloride
http://en.wikipedia.org/wiki/Tert-Butyl_chloride
http://en.wikipedia.org/wiki/Tert-Butyl_bromide
http://en.wikipedia.org/wiki/Tert-Butyl_bromide
http://en.wikipedia.org/wiki/Tert-Butyl_bromide
http://en.wikipedia.org/wiki/Tert-Butyl_bromide
http://en.wikipedia.org/wiki/Triphenylmethyl_chloride
http://en.wikipedia.org/wiki/Triphenylmethyl_chloride
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B. Temperature Effects on Reaction Rates

• Part 1: (lower temperature).  Follow the same procedure as you 
used in Part A, but before you mix the two solutions allow the 
temperature of the Erlenmeyer flasks to equilibrate in a water 
bath that is maintained at about 10 °C below room temperature 
for 5 minutes. Keep the reaction mixture in the cold water bath 
throughout the reaction.  Record the temperature of the water 
bath.  Perform the reaction twice and determine the average time, 
in seconds, for the indicator to change colors from blue to green. 
What effect will cooling the Sn1 reaction have on its rate? (faster, 
slower, no change)

• Part 2: (higher temperature).  Follow the same procedure as you 
used in Part A, but before you mix the two solutions allow the 
temperature of the Erlenmeyer flasks to equilibrate in a water 
bath that is maintained at about 10 °C above room temperature 
for 5 minutes. Keep the reaction mixture in the warm water bath 
throughout the reaction.  Record the temperature of the water 
bath.  Perform the reaction twice and determine the average time, 
in seconds, for the indicator to change colors from blue to green. 
Perform a third trial if the first two differ in time by more than 
10%. What effect will warming the Sn1 reaction have on its rate?

C. Solvent Effects on Reaction Rates. Solvent mixture is 80% wa-
ter - 20% acetone

• Using two Erlenmeyer flasks, pipet 2 mL of the 0.1 M t-butyl chlo-
ride solution into one of the flasks and 0.2 mL of the 0.1 M so-
dium hydroxide solution plus 7.8 mL of water and several drops 
of bromophenol blue indicator into the other.  

• This solvent mixture is 80% water-20% acetone.  Carry out the re-
action twice and determine the average time in seconds for the 
indicator to change color. Is this reaction solution more or less po-
lar than the solution used in Part A?

D. Structural Effects on Reaction Rates

• Part 1:  Leaving Group Effect: Perform the procedure of Part A, 
but use 0.1 M t-butyl bromide instead of 0.1 M t-butyl chloride.  
Perform the reaction twice and record the average time, in sec-
onds, for the indicator to change color from blue to green.

• Part 2:  Structural Effect: Perform the procedure of Part A but use 
0.1M s-butyl bromide in place of 0.1 M t-butyl chloride. Do not 
wait more than 5 minutes for a reaction to occur!

• Part 3:  Structural and Resonance Effect: Perform the procedure 
of Part A but use 0.1 M triphenylmethyl chloride solution instead 
of 0.1 M t-butyl chloride. Perform the reaction twice, recording 
the average time, in seconds, for the indicator to change color 
from blue to green.

WASTE DISPOSAL
Place all organics in the flammable waste.

OH
BrBr

O
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Bromophenol Blue
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1. Rate Constant Calculations

The percent completion of the reac-
tion is given by:

Upon rearrangement, one     
obtains:

The integrated rate expression for the dis-
appearance of an alkyl halide by a unimo-
lecular (1st order) reaction is:

Substitution of yields:

(note that the sign 
has changed)

or:

Therefore, the rela-
tionship between the rate constant k, and 10% reaction is given by:

DATA MANIPULATION

or:
(where t is in seconds)

Using the above relationship, calculate the rate constants for the re-
actions performed in all parts of this experiment.

2. Activation Energy Calculation

Molecules must have a certain mini-
mum energy before a reaction can 
take place. The energy of activation 
is related to the rate constant by the 
Arrhenius Equation (below), in 
which k is the rate constant, A is a 
pre-exponential constant, Ea is the 
activation energy (in cal/mol), R is 
the gas constant (1.99 cal/K mol), and T is the absolute temperature 
(K).

! ! ! ! ! k = Ae-Ea/RT

Taking the logarithm of both sides of the equation gives the expres-
sion below. Because this is a linear equation, a plot of log k (depend-
ent variable, y axis) versus 1/T (independent variable, x axis) will 
yield a straight line with slope equal to -Ea/4.58:

Image

http://en.wikipedia.org/wiki/Arrhenius_equation
http://en.wikipedia.org/wiki/Arrhenius_equation
http://www.google.com/imgres?um=1&hl=en&client=firefox-a&sa=N&rls=org.mozilla:en-US:official&biw=1277&bih=1019&tbm=isch&tbnid=Zsbg5gJkaGjtLM:&imgrefurl=http://www.chem.ufl.edu/~itl/2041_u98/lectures/lec_m.html&docid=7R2Tk4J2e9yGJM&imgurl=http://www.chem.ufl.edu/~itl/2041_f97/matter/FG14_013.GIF&w=600&h=400&ei=bskjUNiFA8bJiwLupoGgDQ&zoom=1&iact=rc&dur=289&sig=104320628824268801871&page=1&tbnh=127&tbnw=191&start=0&ndsp=25&ved=1t:429,r:8,s:0,i:166&tx=45&ty=34
http://www.google.com/imgres?um=1&hl=en&client=firefox-a&sa=N&rls=org.mozilla:en-US:official&biw=1277&bih=1019&tbm=isch&tbnid=Zsbg5gJkaGjtLM:&imgrefurl=http://www.chem.ufl.edu/~itl/2041_u98/lectures/lec_m.html&docid=7R2Tk4J2e9yGJM&imgurl=http://www.chem.ufl.edu/~itl/2041_f97/matter/FG14_013.GIF&w=600&h=400&ei=bskjUNiFA8bJiwLupoGgDQ&zoom=1&iact=rc&dur=289&sig=104320628824268801871&page=1&tbnh=127&tbnw=191&start=0&ndsp=25&ved=1t:429,r:8,s:0,i:166&tx=45&ty=34
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A typical Arrhenius plot is illustrated below.
Include the following in your formal laboratory report discus-
sion:

• Describe in detail your experimental procedures and all measure-
ments (amounts, temperatures).  

• Use your data for the three temperatures from Experiment A and 
Experiment B to construct a table having the following columns:  
Temp (oC), Temp (K), 1/Temp (K), k (sec-1), and log k.  

• Determine the activation energy for your Sn1 reaction. Plot log k 
values on the dependent (Y) axis vs. l/Temp (K) values on the in-
dependent (X) axis.  Determine the slope of the line and calculate 
the Ea: [Ea (cal/mol) = -4.58(slope)].  Change Ea from cal/mol to 
Kcal/mol.  Remember that the slope is equal to the change in the 
log k divided by the change in the inverse temperature (1/K).  If 
your data is scattered (the three points could be on different lines 
because one is inaccurate) then plot two slopes and take the aver-
age.

• Summarize how the structures of the alkyl group and the leaving 
group influence the reaction rate and therefore the rate constant 
for unimolecular solvolysis.

DATA PRESENTATION
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• Thermal energy of molecular collisions at room temperature (20 
oC) supplies about 15 kcal/mol of energy to the average molecu-
lar collision, more in some cases and less in others, seemingly ran-
domly.  Does your value for the activation energy for hydrolysis 
of t-BuCl at room temperature seem reasonable? Because it is 
slow it should be a few kcals higher than 15 kcal/mole. What 
value for Ea would you estimate for the hydrolysis of t-BuBr, a 
compound that reacted faster?  For sec-butyl chloride? For 
triphenylmethyl chloride?

Additional Pre-Lab Questions:

• If you pipet 3 mL of a 0.1 M t-BuCl solution, how many millimo-
les of t-BuCl does it contain? 

•  If you pipet 0.3 mL of a 0.1 M NaOH solution, how many mMols   
of NaOH does it contain?

• Note that the rate-determining step of this reaction involves the 
production of a positively charged ionic intermediate. What ef-
fect on the solvolysis rate would you expect a more polar solvent 
medium to have? 

• In each experiment we are measuring the number of __________ 
before a color change occurs.

• How many times is each experiment repeated?

• How many steps are involved in an Sn2 reaction? 

•  If you pipet 0.3 mL of a 0.1 M NaOH solution, how many mMols   
of NaOH does it contain?



EXPERIMENT 11

Acid-Catalyzed Elimination (E2 / E1): 
Dehydration of an Alcohol
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# Elimination reactions are found throughout our daily life. The dehy-
dration of alcohols is a particularly common reaction, as sugar molecules, 
known as carbohydrates, undergo non-enzymatic E1 and E2 elimination re-
actions readily to form a variety of small molecules. Examples of these reac-
tions include: the caramelization of white sugar (glucose), toasting bread, 
frying onions, malting barley (to make malt whiskey or beer), and cooking 
many meats (these processes are also simultaneously undergoing an inter-
esting amine condensation reaction-which we will learn second semester-
called the Malliard reaction).
# Another example is the preparation of coffee. For coffee to obtain its 
characteristic taste and smell, it needs to be first roasted (heated for ex-

tended periods of time). This heating induces a vari-
ety of chemical transformation, including the dehy-
drative elimination of the alcohol groups on the car-
bohydrate molecules within the coffee bean. These 
elimination reactions produce alkene molecules 
which provide the complex aroma and flavor we 
associate with coffee.
# In this experiment, you will carry out an acid-
catalyzed dehydration of an unknown alcohol to 
give an unknown alkene.  You will be able to deter-
mine the identity of both the alcohol and the alkene 
by measuring the physical properties of the puri-
fied alkene.  Note that you should use the synthesis 
format for your laboratory report.

a) Coffee beans taken direct from farms, b) American 
roast (210 oC): the traditional roast for eastern U.S., 
c) Italian roast (245 oC): heavy burnt tones, common 
roast for espresso blends. Images

a)

b)

c)

http://en.wikipedia.org/wiki/Elimination_reaction
http://en.wikipedia.org/wiki/Elimination_reaction
http://en.wikipedia.org/wiki/Maillard_reaction
http://en.wikipedia.org/wiki/Maillard_reaction
http://en.wikipedia.org/wiki/Coffee_roasting
http://en.wikipedia.org/wiki/Coffee_roasting
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EXPERIMENTAL PROCEDURE:

• Add a spatula-full of anhydrous Na2SO4, cap the test tube, and 
shake. Add more Na2SO4 until the crystals are no longer clump-
ing up. Sodium sulfate is a drying agent that removes water from 
organic liquids by becoming bound to the water, like cement. 
How does adding sodium sulfonate purify your product?

• Transfer the dry alkene into a clean 25 mL round bottom flask 
with a magnetic stirrer and attach it to your clean, dry distillation 
apparatus again using a test tube as the receiver in an ice water 
bath.  Distill the alkene again and record the boiling point. The 
distillate should be clear, not hazy, indicating the absence of wa-
ter.  If it is cloudy, add a little Na2SO4. Tare a clean vial and imme-
diately pipet your alkene into the vial to obtain its mass.  Deter-
mine the refractive index of your alkene.  

• From the physical properties, bp and RI, of the purified alkene, 
the identity of the unknown alcohol can be deduced. What tech-
niques can you use to determine the identity of the unknown al-
cohol?  The unknown alcohols, and their corresponding alkenes, 
are listed below, along with physical data for the alkenes.

B. Testing for and Analysis of Alkenes

• Test both the starting alcohol and the alkene product for unsatura-
tion using two different alkene addition reactions:  1) bromine in 
carbon tetrachloride and 2) potassium permanganate solution.

• You should also use IR to characterize both your alcohol and al-
kene. 

A. Preparation of the Alkene

• Place 5.0 g of your unknown alcohol (be sure to record the un-
known number!) along with 2 mL of 85% phosphoric acid in a 25 
mL or 50 mL round bottom distilling flask. Save any unused alco-
hol for later analysis.  Set up a simple distillation apparatus with 
a magnetic stirrer and a screw-cap test tube immersed in ice wa-
ter for the receiver (see Distillation Technique). Draw a diagram 
of a labeled distillation apparatus. Your product will be very vola-
tile in some cases, so collecting the distillate in an ice bath will de-
crease evaporation and maximize your yield.  Begin heating the 
well-stirred solution in the reaction flask.  When the solution 
reaches a gentle boil maintain the temperature such that a slow 
rate of distillation occurs continuously.  Overheating will result in 
the starting material, a higher boiling alcohol, distilling along 
with the lower boiling alkene reaction product.  You may stop the 
distillation when the residue in the reaction flask starts to smoke, 
indicating that only phosphoric acid remains.  Set your distillate 
aside for a minute, and immediately clean your distillation glass-
ware and rinse all wet surfaces with a small amount of acetone to 
promote drying.

• Add a small amount (1 mL) of 10% Na2CO3 solution and a 
spatula-full of NaCl to the distillate, cap the tube, and shake to 
mix. This will remove traces of phosphoric acid and will decrease 
the solubility of the upper alkene layer in the lower aqueous 
layer. How does adding sodium carbonate purify your product? 
Transfer the upper alkene layer with a Pasteur pipet to another 
screw-cap test tube.  

R2

OH
R1

H

H3PO4
(catalyst)

R2
R1 or R1

R2

http://en.wikipedia.org/wiki/Phosphoric_acid
http://en.wikipedia.org/wiki/Phosphoric_acid
figure:068A0B50-BA35-4B14-9017-BC8CEAB09EB2
figure:068A0B50-BA35-4B14-9017-BC8CEAB09EB2


WASTE DISPOSAL

Place all organic waste in the flammable waste container

ALCOHOL ALKENE BP (OC, 760MM) ND20

cyclopentanol cyclopentene 44 1.4225

cyclohexanol cyclohexene 83 1.4465

cycloheptanol cycloheptene 115 1.4552

cyclooctanol cyclooctene 138 1.4698

2-heptanol 2-heptene 98 1.4040

3-methyl
cyclohexanol

3-methyl
cyclohexene 103 1.4414

3-pentanol 2-pentene 36 1.3793

2-octanol trans-2-octene 123 1.4130

t-amyl alcohol 3-methyl-
2-butene 35 1.4050

2-methyl
cyclohexanol

1-methyl
cyclohexene 110 1.4503
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Include the following in your formal laboratory report discussion:

• Write your lab report in the form of a synthesis report. 

• Calculate the theoretical yield and the percent yield of the alkene.  
Identify your alkene by comparing its boiling point and refractive 
index to the literature values given.

• What differences did you see in the IR spectra of the alcohol and 
the alkene?

• Provide a stepwise reaction mechanism for the acid catalyzed elimi-
nation of water from the alcohol that you were given as an           
unknown.

Additional Pre-Lab Questions:

• Outline a mechanism for the dehydration of 4-methylcyclohexanol 
catalyzed by phosphoric acid.

• What major alkene product is produced by the dehydration of the 
following alcohols?

a. Cyclohexanol
b. 1-Methylcyclohexanol
c. 2-Methylcyclohexanol
d. 2,2-Dimethylcyclohexanol

DATA PRESENTATION:



EXPERIMENT 12

Above: taxol, a potent mitotic inhibitor, particularly 
effective against certain strains of lung, ovarian, and 
breast cancer. Right: one of the multi-step syntheses of 
the core of taxol. Taken from: Guerra, J.; Croteau, R.; 
Williams, R. Nat. Prod. Rep., 2012, 29, 683-696.

Two-Step 
Organic 
Synthesis
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# In many cases, complex molecules cannot be synthesized in a single synthetic 
operation. Instead, organic chemists must use their knowledge of known synthetic 
transformations to assemble the molecule piecewise, one step at a time. As molecular 
targets have become increasingly more challenging, chemists must rely upon their 
ingenuity to try and develop the fastest (least steps) chemical route to the final prod-
uct. In reality, the difference between an efficient, high-yielding synthesis and an inef-
ficient, low-yielding synthesis of a particular molecule (especially a pharmaceutical) 
determines the marketability of the molecule.  
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# This experiment will challenge your technique.  You will 
carry out a two-step organic synthesis using 0.5 gram of starting com-
pound for the first step and only 0.5 gram of the product from the 
first step as the starting material for the second step.  The product 
from the second step will be recrystallized to purify it for melting 
point identification.  The recrystallization can be tricky so be pre-
pared for it. 
! In the first step, addition of bromine to trans-stilbene (E-1,2-
diphenylethene) will be conveniently done by using a bromine "car-
rier" called pyridinium hydrobromide perbromide (a stable solid 
complex which liberates Br2 in the presence of an alkene). The prod-
ucts could be either stilbene dibromide or meso-stilbene dibromide, 
or a mixture of the two. Consideration of the stereochemistry of the 
addition of bromine to an alkene will help you predict which prod-
uct you will obtain. Based on what we have learned in class, which 
bromination product would you expect to form?
! In the second step, either a substitution or an elimination reac-
tion could occur under the high temperature and strongly basic reac-
tion conditions.  If a substitution reaction occurs, the products could 
be the stilbene diols.  If an elimination reaction occurs, loss of one 
equivalent of HBr would yield the Z-stilbene bromide while loss of 
two equivalents of HBr would result in the formation of the alkyne, 
diphenylacetylene.  You will be able to determine the course of this 
reaction by measuring the melting point range of the purified (recrys-
tallized) reaction product, a beautiful flaky white solid.

EXPERIMENTAL PROCEDURE:
A. Step 1: Bromination of the Alkene What is the stereochemical re-
lationship between the two bromination products?

• Prepare a heating bath by bringing a beaker of water to a gentle 
boil. Select a beaker that will accommodate a 50 mL Erlenmeyer 
flask.  

• In a 50 mL Erlenmeyer flask with a magnetic stirrer, add 0.5 g of 
trans-stilbene in 10 mL glacial acetic acid. Dissolve the reactants 
by heating the flask for a short time. Use caution in manipulating 
the reaction flask in the hot water bath.  

• Once the trans-stilbene is dissolved, add 1 g of pyridinium hydro-
bromide perbromide to the reaction flask and continue heating 
and stirring the reaction flask for 5-10 minutes. The dibromide 
should separate immediately as white microcrystalline plates.  
Cool the reaction flask in cold, ~10 oC water, not ice water, because 
the acetic acid will crystallize below 5 oC.  What happens if you 
cool step 1 in an ice bath instead of a cold water bath?

N
H Br3

trans-stilbene
(mp 125 oC

N
H Br

Br2

Br

Br

Br

Br

or

stilbene dibromide
(mp 114 oC)

meso dibromide
(mp 238 oC)

http://en.wikipedia.org/wiki/(E)-Stilbene
http://en.wikipedia.org/wiki/(E)-Stilbene
http://www.organic-chemistry.org/chemicals/oxidations/pyridiniumhydrobromideperbromide.shtm
http://www.organic-chemistry.org/chemicals/oxidations/pyridiniumhydrobromideperbromide.shtm
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• Prepare a filter paper on a Buchner funnel by sucking water 
through the filter into a clean sidearm suction flask to secure the 
filter to the Buchner funnel (see Vacuum Filtration Technique)  
then pour the reaction mixture through the filter paper and rinse 
the crystals with a minimum amount of ice cold methanol (1-2 mL 
maximum!).  If you use too much methanol, the crystals will dis-
solve and you will get a lower yield. What happens if you wash 
the first product with too much methanol? The crystals should be 
white.  Leave the crystals on the Buchner funnel under vacuum 
for a few minutes to dry.

• Determine the mass of your product by gently scraping it from the 
filter paper onto a tared watchglass.  Now weigh out 0.5 g of your 
dibromide crystals to prepare for the next reaction step.  If you do 
not have 0.5 g of product, consult your instructor or TA.  Save the 
remaining dibromide sample for melting point analysis after it is 
thoroughly dry, and then place it in a correctly labeled vial for 
grading.

B. Step 2: Reaction of the Stilbene Dibromide with KOH

• In a 25 mL round bottom flask with a magnetic stirbar, place 0.5 g 
of the dibromide from Step 1, three or four KOH pellets, and 3 mL 
of ethylene glycol.  Attach a condensor with a moderate flow of 
water and begin heating the mixture on your stirrer/hotplate.  Al-
low the solution to reflux (see Reflux Technique) for 25-30 min-
utes.  Look very closely at the condenser to see if the liquid is       
refluxing. 

Product from
Step 1

KOH

HO OH

OH

OH
or

Br
or

stilbene diol (mp 120 oC)
meso-diol (mp 137 oC)

2-bromostilbene
(mp 179 oC)

diphenylacetylene
(mp 61 oC)

• After 30 min of refluxing, cool the reaction flask in an ice bath for 5 
min, and then add 10 mL of cold water.  Collect the granular solid 
reaction product by vacuum filtration into a clean sidearm flask.  
Recrystallize the solid reaction product from a minimum quantity 
of warm (50 °C) 95% ethanol (see Recrystallization Technique). 
Why do we recrystallize the product from step 2? 

• If a pile of beautiful crystals do not form after cooling, warm the 
solution up again and add a few drops water to the warm ethanol 
solution to decrease the solubility, and then cool the solution again 
slowly to form crystals.  Collect the crystals by vacuum filtration 
and allow them to dry for at least an hour in an open container.  
Weigh the crystals, determine their melting range when they are 
thoroughly dry, and place the sample in a correctly labeled vial for 
grading. Why do we dry the crystals before weighing them? This 
compound needs to be saved, as it will be used in a multi-step 
synthesis next semester in Organic II!

C. Analysis and Data Presentation

• Obtain melting ranges for the products of both reaction steps.  
Compare your measured melting ranges to the melting points 
listed above to determine the identity of your products.

WASTE DISPOSAL

Place all organic material in Flammable waste container
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DATA PRESENTATION
Include the following in your formal laboratory report discussion:

• Write up both reactions procedures in the synthesis format begin-
ning with tables of reactants and products.  

• What reaction products did you make in each step of the reaction?

• Calculate the percent yields for both products.  Show your calcula-
tions.

• Did the bromination reaction produce a single diastereomer of the 
dibromide in Step 1? If yes, why do you think so?

Additional Pre-Lab Questions:

• Provide a step-by-step reaction mechanism that illustrates the stereo-
chemical course of the bromination reaction (you may use Br2 in-
stead of the pyridinium reagent).  

• How will you identify which product is formed in the first step?

• How will you identify which product is formed in the second step?


