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SANTA CLARA UNIVERSITY SUMMER TERM 2019 
ORGANIC CHEMISTRY II  CHEMISTRY 32L 

LABORATORY SYLLABUS 
  
INSTRUCTORS  
Raymond, Gipson, Ph.D.; Beatrice Ruhland, Ph.D. 
 
TIMES  

• Monday/Wednesday:  8:00-12:30 p.m. 
• Monday/Wednesday:  4:30-9:00 p.m. 
• Tuesday/Thursday:  8:00-12:30 p.m. 
• Tuesday/Thursday:  4:30-9:00 p.m.  

 
Laboratories begin on Monday, July 8th and are held in DS 126 
 
 
MATERIALS 

• Laboratory syllabus: available for purchase from Copy Craft Printing (341 Lafayette St.), or from the 
Chemistry 31-33 laboratory site (https://sites.google.com/a/scu.edu/organic-chemistry-laboratory/) 

• Laboratory Techniques in Organic Chemistry by Mohrig, Alberg, Hofmeister, Schatz and Hammond, 4th 
Edition 

• Bound laboratory notebook embossed with "Santa Clara University", Scientific Notebook Company: 
available from the bookstore: you may use the same notebook as you purchased for Chem 31L 

• Safety splash goggles 
• Laboratory coat: available from the bookstore 

LABORATORY GUIDELINES 
• The laboratories in Daly Science 100 were modernized and redesigned in 1994 with safety as the 

primary concern. The main improvement in these labs was increasing the number of hoods so that 
each student has a workstation in a hood, two students per hood. This significant enhancement in 
safety protects everyone because many organic compounds are volatile and using a hood minimizes 
your exposure to fumes. Therefore, virtually 100% of your chemical work should be performed in a 
fume hood.  

• To do organic chemistry safely, you should treat all chemicals with respect; gloves should be worn 
unless otherwise directed by the instructor.  

• Care of the organic laboratory is important because some 200 students share this organic facility each 
term, so we must regularly maintain this facility. It is important that you clean your work area at the 
end of each lab period as well as help with keeping the balances, instrument room, and other general 
use areas clean. Inform the instructor of any spills and clean up the spill completely.  

• In an effort to maximize the sustainability and minimize environmental impacts of this laboratory, the 
work you will carry out in this lab will be done using microscale quantities of materials. 

 
ACADEMIC INTEGRITY 
You are expected to maintain the highest standards of academic integrity in both the lecture and laboratory 
components of this course. In the context of the laboratory, you may help each other understand and 
complete various procedures. However, all work recorded in your notebook must be your own. Giving or 
receiving unauthorized aid in any form can result in course failure. Please see your laboratory instructor if you 
need clarification on what constitutes unauthorized aid in your laboratory work. More information about the 
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SCU policy on academic integrity can be found at:http://www.scu.edu/studentlife/resources/policies.cfm. 
or p.14 of the Student Handbook.  An excellent resource is the Academic Integrity Brochure 
(http://www.scu.edu/studentlife/resources/upload/Academic-Integrity-brochure-2014.pdf)  
 
In your laboratory notebook, you will be asked to sign an academic integrity pledge before submitting your 
work for grading. The pledge reads: "I am committed to being a person of integrity. I pledge, as a member of 
the Santa Clara University community, to abide by and uphold the standards of academic integrity contained 
in the Student Conduct Code."  
 
FORMAT 
There are seven groups of experiments this term. You may carry out the experiments in any order you like, 
but we suggest that you perform them in the sequence shown by Group numbers.  
 
You must successfully complete the laboratory course to pass the lecture course. Your laboratory 
grade is based upon the quality of your work, your effort, your attendance, the difficulty of the experiments you 
choose, and your laboratory notebook.  
 
You should carefully analyze the procedures of the experiments you choose before coming to laboratory in 
order to use the available time effectively. Planning ahead is especially important this term because many of 
the experiments involve long waiting periods while reactions occur. Other experiments should be carried out 
during these waiting times. This syllabus and supplemental experimental procedures, which are not in your 
laboratory text, can be found on the Chem 32 lab Google sites webpages or can be purchased from Copy 
Craft Printing (341 Lafayette St.). You must review the experimental procedure prior to coming to 
laboratory in order to perform your experimental work most efficiently.  
 
Given the organization of this laboratory and the freedom you have in choosing experiments, it is 
imperative that all chemicals be returned to the proper location after you use them. As part of check-out 
of the laboratory each day, you will be asked to demonstrate that you have complied with this laboratory 
requirement. 
 
SAFETY  
It is important to read carefully the safety section (1) in the laboratory textbook (Chapter 1, pages 1 to 21) and 
(2) on the back of your laboratory equipment check-in card before signing it. Critical points are highlighted 
below.  
 

1. Safety goggles and a lab coat must be worn in the laboratory at all times!  
2. To prevent exposure of others to chemicals, do not wear your lab coat or gloves outside of Daly 

Science 126.  
3. Required apparel for working in a teaching or research laboratory in the Department of Chemistry & 

Biochemistry at SCU:  
a. Laboratory coat. 
b. Long pants. 
c. Closed-toe shoes, ideally with a non-permeable upper component covering the foot. 
Failure to meet these requirements will result in a student having to leave the laboratory 
until such time as any deficiencies have been addressed.  

4. Use of cell phones, radios, iPods, and the like is not permitted in the laboratory.  
5. Most organic solvents are flammable and should never be heated with an open flame. Hot plates or 

heating mantles are available for this purpose. Never use an open flame in the organic laboratory. 
Some solvents such as diethyl ether, t-butyl methyl ether, and methanol have flash points so low that 
they can be ignited by the surface of a hot plate.  

6. Be sure to handle organic chemicals carefully as many are toxic if absorbed through the skin or 
inhaled. Gloves must be worn for all experiments. Disposable gloves are provided in the laboratory. 
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Change gloves when necessary. To avoid chemical contamination of the chemistry building, do not 
used gloved hands to handle objects outside the laboratory.  

7. You should perform all chemical work at the fume hoods. The fume hood is designed to limit your 
exposure to noxious or toxic vapors. It also protects you in the event that a chemical reaction gets out 
of control. 

a. Volatile substances must be measured only in the fume hoods. 
b. Never allow your head to cross the plane of the fume while dismantling apparatus or any other 

time (do not put your head inside the fume hood). 
c. Do not prop your laboratory notebook or any other books/papers inside the fume hood. 
d. Keep the sash lowered so that arrows are aligned. 
e. Lower the sash immediately if there is a splatter or fire. 

8. Exercise the following precautions when heating materials: 
a. Make sure that a boiling stone or stir bar is contained in all liquids before heating.  
b. Never heat a closed (sealed) container.  
c. Never place your face over material that is being heated.  

9. Neatness in carrying out laboratory work is related to safety. It is important that each student help keep 
the laboratory clean and organized. Allow enough time for cleanup when planning your laboratory 
activities.  

10. Under no circumstances will you be allowed to conduct experiments that have not been assigned for 
you to do.  

11. Do not deviate from the procedure without first getting the modification cleared through the instructor. 
Even if you think there is a typo in the guided procedure, check first.  

12. In case of an evacuation, proceed to the Saint Claire Garden. 
13. Always treat unfamiliar chemicals as if they are dangerous. 

a. Never use a chemical from an unlabeled container.  
b. Never substitute a chemical in an experiment without the instructor’s permission. 

14. Report all accidents and spills to the instructor.   
15. Use water to immediately wash off all chemicals that are accidently spilled on your skin.  
16. Know the locations of the safety showers, eyewash stations and fire extinguishers.  

WASTE DISPOSAL 
One of the most important practices in lab is the proper disposal of chemical wastes. The only substance 
allowed to go down the drain is uncontaminated water. The general rule is that nothing should be poured 
into any sink or placed in the garbage cans. There are containers in the lab for the various kinds of waste 
materials generated: aqueous waste, basic aqueous waste, acidic aqueous waste, solid organic waste, 
organic solvent waste (non-halogenated), halogenated organic waste, and contaminated glass. Be absolutely 
positive that you are putting the proper materials in the containers. Useful directions for waste disposal are 
provided with each experimental procedure, and there is a handout that specifies where to put the waste you 
generate as a result of performing experiments. Remember that anything with WATER in it is an aqueous 
waste and must go in one of the containers so labeled. It is also extremely important that you enter into the 
appropriate logbook the identity and amount of each substance added to each container. If you are unsure 
of which container to use, ask one of the lab instructors. 
• All chemicals must be placed in the appropriate waste container. There is a list posted in the 

laboratory to aid you in determining the appropriate container for the wastes generated for each 
experiment. If you are unsure about any waste, ask your laboratory instructor. 

• Disposing of chemicals in the wrong containers is potentially dangerous. 
• You are required to enter the identity and amount of the waste in the logbook. 
 
NOTEBOOK 
The guidelines are derived from those drawn up by the chemistry faculty for all lab courses. Please look at 
them carefully before making entries in your notebook. Remember that in addition to the specifics below, the 
goal of the notebook is for another person to be able to repeat your lab work precisely as you did it. 
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A running commentary of the experimental procedure should be included with all observations made 
during the experiment. The term “running commentary” is used to highlight that you should write what you 
are doing as you do it; you should not record what the textbook or supplement tells you to do, but instead 
what you actually did and saw. Examples of appropriate styles for lab notes are available in Section 3.1 of the 
textbook (pages 33 to 35). 
Data, results and conclusions for all experimental work should be included in the notebook.  You 
should answer the questions at the end of each experiment in your notebook as well.  
 

1. The notebook must be bound with at least 100 pages and pages that are consecutively numbered. 
2. Pages must never be torn out or otherwise removed from the notebook. 
3. The notebook should have a title page identifying you, the course name and number, and the lab 

instructor. The same notebook may be used for Chem 31, 32, and 33. 
4. Reserve space at the beginning of the notebook for a Table of Contents. Entries in the Table of 

Contents should be identified by title and page numbers for all pages containing information relevant to 
that title. 

5. Use a ballpoint pen for all entries in the notebook. 
6. Any given page in your notebook should only include data for a single experiment. As a result, organize 

your notebook entries based on the experiment to which they correspond, not the date on which they 
were performed. 

7. If an experiment involves running a chemical reaction, the structures of the reactants and products 
should be illustrated at the beginning of the notebook entry for this experiment. A table of the 
reactants, amounts used, and their physical constants should also precede your written procedure (see 
an example on p. 6 in the yield calculation section).  

8. Each page in the notebook should be dated using an unambiguous notation like 15 October 2013. If a 
page includes work done for the same experiment on different days, date each entry separately. 

9. If you need to continue an experiment onto another page, write the continuing page on the bottom of 
the initial page (cont’d on page xxx) and the page from which you are continuing at the top of the new 
one (cont’d from page xxx). 

10. Cross out sections of pages you choose not to fill out. Do not leave blank spaces to be filled in later. 
11. Graphs and spectral charts should be attached to notebook pages using glue or tape. Each should be 

completely labeled.  
12. All entries should be legible and contain sufficient detail. For example: use proper names for 

instruments and glassware: “10-mL Erlenmeyer flask” rather than just “flask”; indicate the specific 
concentration of reagents used: "6 M" or "0.1 M" rather than just "dilute"; indicate how precisely 
reagents were measured: graduated cylinder versus pipette; record the sequence in which chemicals 
were mixed and the method and length of time for heating and/or stirring; note whether a heating 
mantle or hot plate was used; completely record all observations like color changes, precipitates, gas 
evolution, etc.; display any calculations in full detail for ease of verification. 

13. Draw a single line through mistakes. Erasing and over-writing are not acceptable methods for error 
correction. 
Your notebook needs to be signed and dated by you and your lab instructor at the end of each 
laboratory period. 

 
 
SCHEDULE 
Lab will start the first week of the term. Because we are limited in space for each laboratory section, you 
may only attend your assigned laboratory time. To be granted an exception for special circumstances, you 
must request permission both from your regular laboratory instructor and from the laboratory instructor for the 
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laboratory you wish to attend. An e-mail to both instructors is the easiest method to achieve this; if you do not 
make a formal request to both instructors, you will not be admitted to another laboratory section. The 
notebooks will be due at the end of your last laboratory period and you must check out of laboratory 
on your last regularly scheduled laboratory day. 
 
GRADES 
No specific laboratory grades will be assigned, but each student's work will be evaluated against an absolute 
standard; for many students the laboratory will not change the grade earned in lecture but for borderline 
cases, or instances of exceptional performance, the laboratory may affect the grade. Please note that a 
grade cannot be issued for CHEM 32 unless you have completed the laboratory and turned in a 
notebook, so be sure to turn in your notebook on time to your laboratory instructor. 
 
EXPERIMENTS 
Most of the experiments involve the preparation or isolation of a compound; these products should be 
analyzed by IR when appropriate. The purity of solids should be determined by TLC, and the purity of liquids 
should be determined by GC. 
 
You are required to do one experiment from each of seven groups (Group 7 has only one experiment: 
identification of an unknown). The list of all the experiments with the required analysis is on pages 8 and 9 of 
this syllabus. You may do them in any sequence you wish, but we recommend that you perform them in the 
same order as the Group numbers. However, by working on more than one experiment at any one time you 
will complete the required experiments earlier.  
 
Some experiments are easy, and others are difficult. Each of the experiments is ranked according to its 
difficulty. "0" means an average experiment, "-" means easier than average, and "+" means more difficult. You 
should choose a balanced mixture of experiments, e.g. two (0), two (+) and two (-). 
 
DATA, EXPERIMENTAL RESULTS, AND EXERCISES 
You may recall from last term that complete characterization of compounds includes appropriate tests for 
identity and purity. Identity is typically determined using spectroscopic methods, which usually includes taking 
1H NMR and IR spectra of the compound. In practice, all the organic students cannot run 1H NMR spectra 
given the time and technical expertise required, but you should acquire and interpret the IR spectrum for all 
the compounds you prepare. In some cases, you will have to interpret NMR spectra which you can find on 
Canvas, Chem32L course page and google sites 
 
Melting points for solids and boiling points for liquids (measured during distillation) should be compared to 
literature values to determine if the compound was prepared successfully. Remember that the mp or bp will 
only correspond to literature values if the compound is pure and these values are measured accurately. Purity 
should be determined by TLC for solids and GC for liquids. High-boiling liquids can be analyzed by TLC as 
well. For synthesis experiments, you should calculate the percent yield of your product to evaluate the 
efficiency of your procedures. Consult with your laboratory instructor if you have any questions concerning the 
characterization of your products or other data to be included for each experiment. 
 
The following tests need to be conducted for most of the compounds prepared or isolated in the laboratory 
this term. Although some experiments entail additional analyses, the tests below for purity and identity are 
general guidelines to follow. 
 
Purity of a solid:  

1. TLC: Report the Rf and compound identity of each spot on the TLC. Ideally, Rf for the product should 
be between 0.3 and 0.7. Report developing solvent system, visualization method (UV usually), and 
attach the TLC plate in your notebook. 
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2. MP: A sharp mp (2–3 oC melting range) usually indicates that the sample is pure. Comparison to literature 
value is required for indication of purity (and identity, see below). If the rate of heating for obtaining the mp 
is too rapid, the mp range will always be large, resulting in a mp that will be lower than literature values.  

 
Purity of a Liquid: 
1. GC: Report retention times for all peaks and provide the identity of the compound responsible for the 

major peak and that of any other peaks that you can. Determine the percentage of product in your sample. 
High-boiling liquids (bp >170 oC) should be analyzed by TLC, given the temperature limits of our GCs. 

 
2.  BP: Report bp of fractions from distillation containing the final product. Comparison to literature value is 

required for indication of purity (and identity, see below). A small-scale bp determination can be done in 
required cases; see your instructor for details.  

 
Identity: 
Determined using spectroscopic means, such as 1H NMR and IR spectroscopy. We have ready access to IR 
spectrometers in the laboratory, so an IR spectrum should be collected for most compounds prepared in the 
laboratory. 1H NMR spectra and 13C NMR spectra are available for interpretation on the Chem 32L Canvas 
page or on Chem32L google sites for some compounds. If you do produce a sample of very high quality, 
please submit it to your laboratory instructor in a labeled vial and show your purity data to your laboratory 
instructor.  
 
1.  IR: Report the frequency of all the major (or largest) IR peaks and which functional group is indicated by 

that peak. Comparison to a literature spectrum of the compound is required to confirm identity. List the 
major peaks that are consistent with the literature spectrum if the IR spectrum indicates that the desired 
compound was prepared. A table is a useful method of presenting this data with the following headings: 

 
 IR Data 
 
 Frequency (cm-1)    Functional Group 
 
 
 
2. 1H NMR: The chemical shift (in ppm), coupling (e.g., singlet, doublet, triplet, etc.), integration should be 

reported for all peaks. Each peak should then be correlated to a proton or group of protons in the 
compound. A table with the following headings should be used: 

 
 1H NMR Data 
 
 Chemical Shift (ppm)   Coupling  Integration  proton(s) 
 
 
 
Yield: 
1. Percentage Yield for Synthesis Experiments: 
You need to calculate the percent yield of your product to evaluate the efficiency of your procedures. Because 
most experiments in a sophomore organic course should work most of the time, a good yield of a pure 
compound is expected. Low yield of the correct compound is most commonly attributed to the quality of the 
reagents or mistakes in the procedure. Note these sources of possible error as you conduct the experiment, 
and document them in your results and discussion section. Recall that an accurate percent yield calculation 
requires that you determine the number of moles of the limiting reactant and use that number for the 



7 
 

 

maximum moles of your product. Dividing the actual moles of the product by the maximum moles possible 
and multiplying by 100 gives the percent yield.  
 
 
You can also convert the maximum number of moles to the theoretical yield in grams and then divide the 
grams of the product isolated by the theoretical yield multiplied by 100 to determine the percent yield. Again, a 
table for these calculations is used with the following headings: 
 
 
 
Reactants/products 
Names 

MW (g/mol) Density (for 
liquids) (g/mL) 

Amounts Used 
(g or mL) 

Moles used 
(mmol) 

Theoretical 
Yield (g) (for 
products) 

 
Examples of calculations of % yield are provided in the laboratory textbook, pp. 35-36. 
 
2. Percent Recovery for Isolation Experiments: 
For the isolation experiments of Group 1, report a weight percent recovered. This is calculated by dividing the 
weight of the compound isolated by weight of the material from which the compound was extracted from, 
namely, nutmeg, milk, lemon grass oil, cloves, or the ibuprofen-containing tablet, and multiplying by 100. 
Generally, weight-percent numbers are quite low.  
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EXPERIMENT LIST WITH REQUIRED ANALYSIS  

GROUP 1: ISOLATION OF NATURAL PRODUCTS OR DRUGS 

Difficulty  Suppl. 
# Title Required Analysis 

(+) 1, p. 10 Extraction and Isolation of 
Caffeine from Tea % recovery, IR spectrum, melting point 

(0) 2, p. 16 Isolation of Casein, Albumin and 
Lactose from Milk 

% recovery of casein, albumin and lactose, IR 
spectrum of lactose, Benedict’s tests for lactose, 
glucose, fructose 

(+) 3, p. 19 Isolation of Essential Oils % recovery, TLC, IR spectrum 

(-) 4, p. 22 
The Analgesic Ibuprofen: 
Racemic Mixture or 
Enantiopure? 

% recovery, mp, TLC, IR spectrum, interpret 1H 
and 13C NMR spectra that are posted on the lab 
web pages 

GROUP 2: CHROMATOGRAPHIC SEPARATIONS 
Read p. 24-27 in the syllabus before doing these experiments 

Difficulty  Suppl. 
# Title Required Analysis 

(+) 5, p. 29 Column Chromatography of a 
Three Component Mixture 

TLC of column fractions, IR spectra and mp of all 
the isolated products  

(+) 6, p. 31 Separation and Analysis of 
Spinach Pigments TLC, analysis of all the spots 

(0) 7, p. 34 Isolation and Column 
Chromatography of DEET from 
OFF! 

% recovery, TLC of column fractions, IR spectrum 

GROUP 3: ESTER FORMATION 

Difficulty Suppl. 
# Title Required Analysis 

(+) 8, p. 37 Synthesis of Benzocaine 
% yield, mp, TLC, IR spectrum,  
interpret 1H NMR spectrum posted on lab web pages 

(0) 9, p. 42 c % yield, TLC, IR spectrum 

(-) 10, p. 
46 Synthesis of Biodiesel % yield, TLC, IR spectrum, viscosity 

GROUP 4: DYES 

Difficulty Suppl. 
# Title Required Analysis 

(+) 11, p. 
49 Synthesis of Methyl Orange % yield, color, IR spectrum 

(0) 12, p. 
52 Synthesis of Indigo % yield, color, IR spectrum 
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GROUP 5: SYNTHESIS REACTIONS 

Difficulty Suppl. 
# Title Required Analysis 

(+) 13, p. 
54 Synthesis of Acetaminophen 

% yield, mp, TLC, IR spectrum, 
interpret 1H NMR spectrum posted on lab web page 

(+) 14, p. 
57 Synthesis of DEET 

% yield, TLC, IR spectrum,  
interpret 1H NMR spectrum posted on lab web page 

(+) 15, p. 
61 

Formation and Stereochemistry 
of a Diol 

% yield, mp, TLC, IR spectrum 

(+) 16, 
p.66 

Synthesis of  
1,2,3,4-Tetrahydropyrimidin-2-
ones 

weight, % yield, mp, TLC, IR spectrum,  
interpret 1H NMR spectrum posted on lab web page 

GROUP 6: GRIGNARD ADDITION REACTIONS 

Difficulty Suppl. 
# Title Required Analysis 

(+) 17, p. 
68 Synthesis of Triphenylmethanol 

weight, % yield, mp,TLC,IR spectrum,  
interpret 1H NMR spectrum, posted on line 

(+) 18, p. 
71 Synthesis of Benzoic Acid 

weight, % yield, mp,TLC,IR spectrum, 
interpret 1H NMR spectrum posted on lab web page 

GROUP 7: UNKNOWN 

Difficulty Suppl. 
# Title Required Analysis 

N/A p.74 Unknown 
Interpret IR and NMR spectra posted on lab web  
page to find the structural formula of the unknown 

 
 
GROUP 7: UNKNOWN – SYLLABUS, PAGE 74 
This is a dry lab. You will be given an unknown number and you are to determine the identity of the 
compound from the spectral data posted on Chem 32L Google sites webpages. You should not do this 
experiment until NMR spectroscopy has been covered in lecture.  
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GROUP 1: ISOLATION OF NATURAL PRODUCTS OR DRUGS 
SUPPLEMENT 1: EXTRACTION AND ISOLATION OF CAFFEINE FROM TEA 

 
PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 
 

• Decantation and centrifugation, section 9.5, p. 140 
• Melting points, section 14.3, pp. 215-217 
• Microscale extraction, section 10.6, pp. 155-161 
• Drying agents and solvent removal, chapter 11, pp.163-173 
• Sublimation, chapter 16, pp. 236-239 

 
INTRODUCTION AND OVERVIEW 
Humankind has historically used advantageous compounds derived from plants and animals. For instance, 
various extracts from plants have been used as teas, potions, medicines and poisons. Though these extracts 
can contain a mixture of many different chemicals, often only one or few are responsible for the activity of the 
extract. For decades such extracts were used directly from their natural sources. This practice has many 
disadvantages, as the composition of the extract can vary from time to time and it is highly dependent on the 
availability of the natural source. At the beginning of the 19th century chemists made the first attempts to 
isolate the active components within these natural mixtures. The first compound to be isolated and purified 
was morphine from opium. Sertürner accomplished this by extracting opium with hot water and precipitating 
morphine with ammonia. He obtained colorless crystals that were poorly soluble in water but soluble in acids 
and alcohol. To make sure that the effect of the compound was identical to that of raw opium he tested the 
crystals on himself! Following this initial experimentation, many natural products were isolated, and their 
structures were determined. Once a structure was elucidated, chemists were able to devise synthetic 
methods to synthesize these compounds. This was the beginning of modern pharmaceutical chemistry. 
Today, researches are still looking for new compounds from natural sources. Potential drugs are often 
isolated from sea creatures, like sponges or slugs, parts of plants that were used in traditional medicine, or 
new a species discovered in the rain forest. In this lab we will extract and purify caffeine from tea leaves. First 
water soluble compounds will be extracted from dry tea leaves with boiling water. Then, caffeine will be 
preferentially extracted from the water into organic solvent. The solvent will be removed, and the crude 
material will be purified by sublimation.  
 
Caffeine extraction 
Caffeine (Figure 1) belongs to a group of compounds known as alkaloids. Alkaloids are a diverse group of 
compounds that are found primarily in plants and contain basic nitrogen atom(s). The basic nature of these 
compounds makes them exists mostly as salts. Other well-known alkaloids include morphine, strychnine, 
quinine, ephedrine, and nicotine.  
 

 
Figure 1. Structure of caffeine (left) and morphine (right) 

 
The major sources for caffeine are the seeds of the coffee plant (Coffea Arabica), cola nuts, Mate which is 
used as tea in Paraguay and Tea leaves (Camellia Sinensis). Three types of tea are commercially produced 
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from tea leaves (green, oolong, and black) which differ only in their processing methods. To obtain green tea, 
fresh leaves are steamed to destroy the natural enzymes that cause fermentation. If, however, the leaves are 
allowed to ferment an enzymatic oxidation process occurs which gives rise to oolong tea. Longer fermentation 
times yields black tea. Choosing extraction conditions for isolation of a product from its natural source 
depends on both the properties of the compound and the composition of the source. In our case caffeine is 
soluble in both water and organic solvents. It is possible to extract caffeine from leaves by solid/liquid 
extraction to hot water. The medium polarity of caffeine implies that it can be further separated from water 
soluble compounds by extraction to a polar non-protic solvent like dichloromethane (KCH2Cl2/H2O~10). 
Designing an efficient extraction scheme requires analyzing the major components of tea leaves. These 
include cellulose, proteins and amino acids, tannins, pigments and saponins. 
 
Cellulose 
The major component of leaves is cellulose, which serves as a rigid and insoluble structural element. 
Cellulose is a linear polymer composed of D-glucopyranose units connected through carbons 1 and 4. The 
fully equatorial conformation of β-linked glucopyranose residues stabilize the chair structure of the ring and 
minimize its flexibility. Although cellulose carries many hydroxyl groups, it is not water soluble due to its high 
molecular weight. 

 
 

Figure 2. Structure of cellulose. 

Tannins 
Tannins are polyphenolic compounds (having OH on aromatic ring) with molecular weights of 50-20,000. Tea 
tannins are soluble in water, extracted from the leaf during brewing, and responsible for the typical bitter taste 
of tea. Tea tannins belong to a subgroup named hydrolyzable tannins. The core structure is D-glucose, to 
which several units of gallic acid are attached via ester bonds (Figure 3). It is important to note the gallic acid 
is polyfunctional and able to form multiple ester bonds. 

 
Figure 3. Typical structure of hydrolysable tannins. Note that multiple units of gallic acid are 
attached by ester bonds. 

The presence of soluble tannins in tea leaves complicates the isolation of caffeine because low molecular 
weight tannins are also soluble in dichloromethane. However, we can take advantage of the chemical 
reactivity of the ester bonds in hydrolyzable tannins. When tea leaves are boiled in the presence of weak 
bases, such as CaCO3, the ester bond is cleaved. This cleavage produces glucose and a calcium salt of gallic 
acid. These very polar compounds will stay in water and will not be extracted into the dichloromethane. 
Additionally, the base also converts caffeine molecules that may be present as salts to their free base, 
increasing their solubility in dichloromethane. 
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Proteins and pigments 
Proteins and pigments are very soluble in water and therefore do not present problems to the separation of 
caffeine by extraction. The content of pigments varies between different kind of teas and the level of oxidation 
that the leaves were exposed to.  
 
Saponins 
Saponins are compounds that have amphiphilic structure, i.e. molecules having a polar water-soluble group 
attached to a water-insoluble hydrocarbon moiety. This amphiphilic nature gives saponins detergent-like 
properties, which increases the solubility of organic molecules in water. Saponins may therefore induce the 
formation of emulsions during extraction, complicating the separation. Emulsions can be broken by addition of 
salt to the aqueous layer (therefore increasing the polarity of the aqueous phase and reducing the solubility of 
organic molecules in it) or by centrifugation. 
 
Overview of the extraction process 
Figure 4 shows a schematic representation of the extraction process that will give “crude” caffeine after 
evaporation. 

  
Figure 4. Schematic representation of the caffeine extraction 
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Purification by sublimation 
After extraction and evaporation, the product that is collected still contains considerable amounts of impurities. 
One method of purification is based on the ability of caffeine to sublime. Sublimation is the ability to pass 
directly from solid state to the vapor state and condense back to a solid form without passing through liquid 
phase (Figure 5). Since the impurities in crude caffeine extract do not sublime under the same conditions as 
caffeine, sublimation will result in pure caffeine. The sublimation method will be described in the experimental 
procedure. 
 

 
 

Figure 5. Phase diagram of hypothetical compound. Transition from A to B describes melting of 
solid to liquid followed by evaporation to gas. Transition from C to D describes sublimation from 
solid to gas. 

Some biology for your general knowledge: How and why caffeine affects us 
The consumption of caffeine results in wakefulness and alertness. The activity of caffeine results from its 
structural similarity to adenosine (Figure 6) and cyclic adenosine monophosphate (cAMP). This structural 
resemblance allows caffeine binding to the active site of receptors or enzymes that normally react with 
adenosine derivatives.  
 

 
 

Figure 6. Structural similarities between caffeine and adenosine derivatives. 

Adenosine has an important role in regulation of brain activity. During the day there is a buildup of adenosine 
levels in the brain and when the concentration is high enough, adenosine binds to brain receptors that in turn 
activate mechanisms leading to drowsiness and sleep. When caffeine binds to the adenosine receptors it 
prevents binding of adenosine and therefore delays sleepiness. Caffeine also inhibits the enzyme cyclic 
nucleotide phosphodiesterase (cAMP-PDE) that converts cAMP to noncyclic monophosphate. cAMP is a 
secondary messenger that activates processes that lead to increasing blood pressure and delivering more 
oxygen to the brain. Normally these effects of cAMP are reversed by its enzymatic hydrolysis by cAMP-PDE. 
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When caffeine binds to cAMP-PDE it stops the breakdown of cAMP, and therefore its excitation effects are 
prolonged. 
 
EXPERIMENTAL PROCEDURE 
Safety notes 

• Dichloromethane is toxic and a possible carcinogen. Minimize exposure to its vapors by working in the 
fume hood. Use double gloves when handling dichloromethane. 

 
Isolation of caffeine from tea leaves 
Solid-liquid Extraction: Obtain one tea bag and record its weight. Note that the average weight of empty 
bag is about 0.2 g. Place the bag inside a 100 mL beaker (leaving the label outside). Add about 0.8 g of 
calcium carbonate and 15 mL of water. Add a boiling chip, cover the top of the beaker with a watch glass and 
bring the solution to a gentle boil on a hot plate. Boil for 20 minutes while stirring it gently from time to time 
with a glass rod. As the water evaporates during the heating step, replace it by adding water from a Pasteur 
pipet. Allow the solution to cool to room temperature and then remove the bag from the solution. Gently 
squeeze the bag on the sides of the beaker with glass rod to allow removal of maximum solution from the 
bag. Be careful not to puncture the bag while doing this. 
 
Removing the solids: Let the solids sink to the bottom of the beaker. Using a Pasteur pipette, transfer the 
liquid into two centrifuge tubes by making sure that the volume in each tube is equal. Centrifuge down the 
solids and then vacuum filter the liquid using a Hirsch funnel lined with filter paper (use 50 mL flask and 
remember that you always turn on the vacuum before adding the solution). Be careful not to transfer the 
solids into the funnel as this will dramatically slow the filtration. Wash the solid that is left in the 
centrifuge tube twice with 0.5 mL DI water and then transfer the solution into the funnel and allow the residual 
solution to filter. 
 
Extraction into organic solvent: Using a Pasteur pipette transfer the solution from the filter flask into two 
centrifuge tubes. Add one mL of saturated sodium chloride to each. Extract the solution with 1.5 mL 
dichloromethane (don’t forget to release the pressure by removing the cap after shaking). If an emulsion is 
formed, it can be broken by centrifuging the solution for 2 minutes. Remove the lower organic layer with a 
Pasteur pipet and transfer it to a test tube. (In some cases, a third layer is observed between the organic and 
aqueous phases. In this case transfer only the bottom clear dichloromethane layer. Repeat the extraction two 
more times with fresh portions of 1.5 mL dichloromethane and combine the organic layers from both 
centrifuge tubes. Wash the combined organic fractions with 1 mL saturated sodium chloride solution and 
separate the organic layer. Dry the organic layer by adding 3 micro spatulas full of anhydrous sodium sulfate. 
Pipet the dry organic layer into a pre-weighed 50 mL filter flask. Rinse the drying agent with1 mL of 
dichloromethane and add it to the filter flask making sure to leave all the sodium sulfate behind. Evaporate the 
dichloromethane using a water bath heated on the hot plate (in the hood!). Keep the water temperature 
between 40 °C and 45°C. Continue the evaporation until a greenish residue of caffeine forms on the bottom of 
the flask. Record the weight of the “crude” caffeine. 
 
Purification by sublimation 
Preheat the hot plate to a setting of 5. Convert your filter flask into a sublimator as shown in figure 7, using a 
Craig’s tube instead of a centrifuge tube. Fill the Craig’s tube with crushed ice, dry the outside of the tube and 
insert it into the filtering flask.  Once the plate is hot place the flask on top of it. Do not connect the flask to the 
vacuum. After a few minutes you should observe how the caffeine sublimes and collects on the cold finger. 
When no more solid remains at the bottom of the flask, remove the flask from the hot plate. Carefully take out 
the cold finger and scrape off the product onto a weighing paper (preweigh the paper). Some of the product 
may collect on the sides of the filter flask, so scrape it off the flask and collect it too. Record the weight of pure 
caffeine, take an IR spectrum and measure its melting point.  Label the main peaks on the IR spectrum and 
tape it in your notebook. Calculate the percentage of caffeine that was isolated from the crude and the 
percentage of caffeine in dry tea leaves. Refer to Table pages 8-9 for a complete list of required analysis. 
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Figure 7. Assembly of sublimator – The flask can also be placed directly on a preheated hot plate 

 
QUESTIONS: 
1. Write an equation describing the hydrolysis of one ester group in tannins by CaCO3. 
2. How would longer roasting time of green coffee beans effect its caffeine content? Why? 
3. Why does the addition of NaCl to the aqueous layer sometimes help to break up an emulsion that forms in 

an extraction? 
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SUPPLEMENT 2: ISOLATION OF CASEIN, ALBUMIN, AND LACTOSE FROM MILK 
PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 

• Decantation and centrifugation, section 9.5, p. 140 
• Microscale recrystallization and vacuum filtration, section 15.6, pp. 231-232 
• Interpreting IR spectra, sections 21.7, 21.8, and 21.9, pp. 325-339 

 
INTRODUCTION AND OVERVIEW 
Milk is a complex mixture of water, proteins, vitamins, minerals, fats, and sugars. The purpose of this 
experiment is to isolate two proteins, casein and albumin, and a sugar, lactose. Some qualitative tests will be 
done on lactose. Briefly, the experiment proceeds in four parts: (1) isolation of casein protein by warming milk 
with dilute acid, (2) isolation of albumin protein by precipitating with heat, (3) isolation of lactose by heating 
with alcohol, and (4) testing whether lactose is a reducing sugar. 
 
Interesting facts about milk: 

• Whole milk is an oil-water emulsion. 
• Milk is rich in many vitamins including thiamine, riboflavin, and vitamins A, D, and K; milk is deficient 

only in iron and vitamin C. 
• The oil (fat) globules are very finely dispersed in milk, which makes them easier to digest; fat globules 

are less dense than water and, on standing, float to the top (cream always rises to the top!). However, 
milk can be homogenized (forced through a small hole so that fat globules are very tiny) so that it 
doesn’t separate. 

• Low-fat milk is made by skimming the cream off the top. The cream is then used as whipping cream, 
turned into ice cream, or churned to butter. 

• Skim milk is poor in vitamins A & D because they are fat-soluble and lost with the cream. 
• Lactose (milk sugar) is a carbohydrate synthesized by mammals. Digestion of lactose by the enzyme 

lactase gives galactose and glucose. Galactose is necessary for infants to develop brain tissues. 
• Nearly all babies can digest milk sugar. However, many people lose the ability to digest lactose as they 

get older, and the ability is highly correlated with particular geographical gene pools around the world: 
for instance, 3% of adult Danes but 97% of adult Thais are lactose intolerant and no longer produce 
any appreciable amount of lactase.  

• There are several types of proteins in milk. One group of proteins found in milk is the immunoglobulins, 
which protect young infants until their own immune systems develop (man-made formula milk lacks the 
immunoglobulins and therefore does not provide the same protection as mother’s milk). 

• Another type of milk protein, Casein, has calcium phosphate groups, which make it soluble at neutral 
pH but cause it to clot (precipitate) in acid or by addition of an enzyme called rennin (found in the fourth 
stomach of young calves). The clot, or curd, is sold as cottage cheese and the remaining liquid is whey. 
Cheese is made from the curd by washing, pressing, chopping, melting, hardening, grinding, salting, 
molding, and finally setting aside to age. 

 

 
 

(For more information about milk, visit http://en.wikipedia.org/wiki/Milk) 
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EXPERIMENTAL PROCEDURE 
Precipitation and isolation of casein 
1. Place 4.0 g of powdered milk and 10 mL of H2O in a 50 mL beaker. 
2. Heat contents of the beaker to 40 °C (use thermometer) in a water bath for about 10 minutes. Caution: 

avoid excess heat because it will hydrolyze lactose to glucose and galactose. (You need to isolate lactose 
later in the experiment.) 

3. Add about 1 mL of dilute acetic acid dropwise with a Pasteur pipet. Stir mixture with a rubber policeman. (A 
rubber policeman is a glass rod with a rubber “spatula” attached to one end.) Caution: Avoid excess acid! 

4. As the casein begins to clot, push it up the side of the beaker to dry. Transfer the casein to a 10 mL 
beaker. If more liquid separates in the 10 mL beaker, transfer that liquid back to the original milk mixture. In 
case there is no visible clotting, place the beaker again in the warm water bath for a few minutes. 

5. When all congealed casein has been removed, add 0.2 g CaCO3 to the milk. Set this mixture aside for the 
next part. 

6. Transfer the casein to a piece of filter paper to blot dry, then transfer it to a watch glass. 
7. Let the product dry in your drawer until the next lab period. Weigh and calculate the weight percent of 

casein in powdered milk. 
Precipitation and isolation of albumin 
1. Heat the casein-free milk contained in the 50 mL beaker directly on a hot plate using a low setting. Heat 

and maintain the temperature at about 75 °C for about 5 minutes. The solid albumin should precipitate. 
2. Decant liquid into a centrifuge tube. To decant means to pour carefully so that only liquids are transferred, 

leaving the solids behind, stuck to the bottom or sides of the flask. 
3. Press the albumin with a spatula to squeeze out more liquid. Add that liquid to the centrifuge tube. At this 

point you should have about 7 mL. 
4. Let the contents of the centrifuge tube cool to room temperature. Cap the tube and centrifuge it for 2–3 

minutes. Warning: make sure the centrifuge is properly balanced with a second tube! (Both tubes should 
contain the same weight or the same volume of liquid.) 

5. Decant the liquid into a clean 50-mL Erlenmeyer flask. Set this liquid aside for the next part. 
6. Let the albumin dry in your drawer until the next lab period. Weigh and calculate the weight percent of 

albumin in powdered milk. 
Precipitation and isolation of lactose 
1. Obtain an extra centrifuge tube. 
2. Add 15 mL of 95% ethanol to the milk solution retained from the isolation of albumin, with constant swirling. 

A solid should precipitate. 
3. Heat the mixture gently on a hot plate to 60°C and swirl it constantly until the solids dissolve. Medium 

setting on a typical hot plate (3-4) should suffice. 
4. Pour the hot liquid into two 10-mL centrifuge tubes. Centrifuge quickly (for 3 minutes) before the solution 

cools. The solid in the centrifuge tubes is not lactose!  
5. Remove the supernatant (the liquid) with a Pasteur pipette and transfer it to a 50 mL Erlenmeyer flask. 
6. Stopper the Erlenmeyer flask and let the lactose crystallize in your drawer until next week. If crystals fail to 

form, add 10 mL of cold acetone to the aqueous solution to induce formation of the precipitate.  
7. Vacuum-filter through a Hirsch funnel to isolate the lactose. If acetone was added to the aqueous solution, 

be certain to keep the solution cold prior to filtration. Use a few mL of 95% ethanol to aid in the transfer and 
to wash the crystals. 
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8. Dry and weigh the isolated lactose. Obtain an IR spectrum and save some for the next part of the 
experiment. 

Benedict’s test for reducing sugars 
1. Prepare a hot water bath (about 90 °C) in a 100-mL beaker. 
2. In a small test tube place about 10 mg of lactose retained from the previous part. Add about 1 mL of water. 
3. Heat the mixture in the test tube in a hot water bath until the lactose is dissolved. There will be some 

cloudiness.  
4. Add 2 mL of Benedict’s reagent to the test tube. Return it to the hot water bath for 3–4 minutes. Note any 

changes. Benedict’s reagent is a Cu2+ solution that oxidizes any aldehyde present to a carboxylic acid (and 
the copper is reduced to Cu+, which appears as an orange-red precipitate in the form of Cu2O). 

5. Place 1 mL of a 1% glucose solution in a clean test tube, and place 1 mL of a 1% galactose solution in a 
clean test tube. (These solutions will already be prepared.) 

6. Add 2 mL of Benedict’s reagent to each of these test tubes. Place them in a hot water bath for 2 minutes 
and note any changes. 

Results 
In your notebook, summarize your results (mass of casein, albumin and lactose obtained and % recovery). 
Label the main peaks of the IR spectrum of lactose and tape it in your notebook. Note any interesting 
observations. Refer to Table pages 8-9 for a complete list of required analysis. 

 
 
QUESTIONS 
1. What is the role of the CaCO3 in this experiment? 
2. Glucose and galactose are the two components of lactose. Are both of these classified as a “reducing 

sugar”? If not, which one is? 
3. What chemical change occurs to a reducing sugar when it is exposed to Benedict’s solution? 
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SUPPLEMENT 3: ISOLATION OF ESSENTIAL OILS 
PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 

• Microscale extraction, section 10.6, pp. 155-161 
• Drying agents and solvent removal, chapter 11, pp.163-173 
• Interpreting IR spectra, sections 21.7, 21.8, and 21.9, pp. 325-339 
• Thin Layer Chromatography, sections 18.2, 18.3, 18.4,18.5, and 18.7, pp. 256-267 

 
INTRODUCTION AND OVERVIEW 
In this experiment, you will steam distill the essential oil from a spice. You may choose from the following list: 
cloves, cumin, caraway, cinnamon, or fennel. Cloves and cinnamon will be provided in the lab, but you must 
bring your own if you want to do one of the other three. The structures and physical properties for the major 
essential oil component of the spices are shown in Table 1. 
 

Compound Name Structure Molecular 
Formula 

Molecular 
Weight Boiling Point Density 

Cinnamaldehyde 
(cinnamon oil) 

 

C9H8O 132.17 248oC 1.050 g/mL 

d-Carvone 
(caraway oil) 

 

C10H14O 150.22 231oC 0.965 g/mL 

p-Cumic aldehyde 
(cumin oil) 

 

C10H12O 148.20 235 oC 0.977 g/mL 

Eugenol  
(clove oil) 

 

C10H12O2 164.20 254 oC 1.066 g/mL 

Anethole  
(fennel oil) 

 

C10H12O 148.20 234 oC 1.561 g/mL 

 
Table 1. Common essential oils 
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EXPERIMENTAL PROCEDURE 
Isolation of the oil 
1. Assemble a steam distillation apparatus similar to the one shown in Figure 1 using a 25 mL round bottom 

flask instead of a conical vial, equipped with a magnetic stirring bar.  Use a sand bath which is a white 
porcelain dish filled with sand. 

2. Weigh about 1.0 g of your spice. Use a mortar and pestle to break up the seeds and the larger pieces then add 
the spice to your round bottom flask. Note: foaming can be a serious problem if you use finely ground 
spices, so grind only coarsely. 

3. Add 15 mL of water to the round bottom flask. 
4. Allow the spice to soak in the water for 15 minutes. Be certain that all the spice gets thoroughly wetted. Swirl 

the flask gently if necessary. 
5. Turn on the water in the condenser, begin stirring the mixture, and heat the mixture to provide a steady 

rate of distillation. The temperature of your heating block (or sand bath) should be about 130oC. This may 
take 15 to 20 minutes. If you do not see any distillation occurring after 45 minutes of heating, you may 
need to cover the distillation flask with aluminum foil.  

6. Use a Pasteur pipet to transfer the distillate from the Hickman head to a 10 mL centrifuge tube. Cap the 
tube. Continue the distillation until 6 mL of distillate have been collected. 

7. When you have completed the distillation, add 2.0 mL of Ethyl Acetate to the centrifuge tube. Cap and shake 
vigorously to mix the layers, and make sure to vent frequently. 

8. Allow the layers to separate. If they don’t separate, cap the tube and centrifuge it for 2–3 minutes. Warning: 
make sure the centrifuge is properly balanced with a second tube! (Both tubes should contain the same 
weight or the same volume of liquid.) 

9. Remove the upper layer (organic layer) with a Pasteur pipette and transfer it to a 5 mL conical vial.  
10. Repeat the extraction two more times with fresh 1.0 mL portions of Ethyl Acetate. Combine all the Ethyl Acetate 

layers (organic layer). 
11. Wash the organic layer with 2 mL of saturated NaCl solution. Allow the layers to separate. Remove the upper 

layer (organic layer) with a Pasteur pipette and transfer it to a small Erlenmeyer flask  
12. Dry the organic layer for 5 minutes over anhydrous sodium sulfate by adding 3 to 4 micro spatulas full of 

sodium sulfate to the ethyl acetate solution. 
13. Transfer the dry extract to a clean tarred 10 mL round bottom flask using a Pasteur pipet, being careful to leave 

all the sodium sulfate behind. Evaporate the Ethyl Acetate using a rotavapor. Your oil is a liquid that is 
volatile, so be careful not to continue the evaporation beyond the point where all the Ethyl Acetate has 
evaporated. You should have about 0.3 – 0.5 mL of a viscous liquid left in your flask. 

14. When the solvent has been removed, weigh the flask with your oil. Calculate the % recovery for the oil from the 
original amount of spice used and obtain an IR spectrum of the oil. Do a TLC and evaluate the purity of 
your product. 

 
Results 

In your notebook, summarize your results (mass of oil obtained and % recovery), note any interesting 
observations (odor and color of oil), label the main peaks of the IR spectrum, and make any possible 
conclusions about the experiment (successful vs. unsuccessful and reasons why). Be sure to compare 
your results to the expected results (quantitatively, if possible). Refer to Table pages 8-9 for a complete list 
of required analysis for your product. 
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QUESTIONS 
1. Why is the oil steam-distilled rather than purified by simple distillation?  
2. Why does the distillate that you collect initially appear cloudy? 
3. Why does the Ethyl Acetate form the upper layer during the extraction step? 
4. Would you expect to get all of the essential oil out of your spice using the procedures in this lab? Why or 

why not? 
 
 
REFERENCE 
Pavia, Donald L. et al. Organic Laboratory Techniques. A Microscale Approach. Saunders College 
Publishing. pp. 545-548. 

 
 

Figure 1. Example of a microdistillation apparatus 
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SUPPLEMENT 4: THE ANALGESIC IBUPROFEN: IS IT A RACEMIC MIXTURE OR IS IT ENANTIOPURE? 

PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 
• Mixture of optical isomers: separation/resolution, section 17.1, pp.240-243 
• Drying agents, section 11.1, pp.163-166 
• Microscale separation of drying agents, section 11.2 pp. 167-168 
• Microscale recrystallization and vacuum filtration, section 15.6, pp. 231-232 
• Melting points, section 14.3, pp. 215-217 
• Interpreting IR spectra, sections 21.7, 21.8, and 21.9, pp. 325-339 
• Thin Layer Chromatography, sections 18.2, 18.3, 18.4,18.5 and 18.7, pp. 256-267 

 
INTRODUCTION AND OVERVIEW 
Aspirin, acetaminophen, and ibuprofen are the three most common analgesic drugs sold over-the-counter. 
Ibuprofen is a carboxylic acid that contains one chiral center, indicated by the asterisk on the structure below. 
The acid may therefore exist as enantiomers, giving rise to the question of whether the racemic modification 
(RS pair) or a single enantiomer is used in the formulation of non-prescription drugs such as Nuprin® or Advil®. 
 

 
 
The question about the enantiomeric purity of the ibuprofen is of more than passing interest. Enantiomers of 
chiral molecules may differ tremendously in their pharmacological effects.1 One (the so-called eutomer) may 
be active in the human body whereas the other (distomer) may be inactive or may even have a deleterious 
effect. Indeed, this disparity in pharmacokinetic behavior may have contributed to a number of liver and 
kidney failures leading to death in some patients who took the drug Oraflex in the early 1980s.1 The diverse 
behavior of enantiomers in the body is not surprising, because the body contains chiral molecules such as 
carbohydrates, amino acids, proteins, and triglycerides. Interaction of chiral drugs with drug receptors 
therefore forms diastereomeric complexes, and these complexes differ in various physical properties, such as 
rate of reaction.1 

 

Pharmaceutical companies and the Food and Drug Administration (FDA) are examining the idea that drugs 
should contain just one enantiomer.1 At this time, only about 10% of synthetic chiral drugs are marketed in 
enantiopure form, i.e., approximately 100% of one enantiomer.1 The racemic modifications sold contain, at 
best, 50% placebo—the distomer— and, at worst, a potentially toxic material.1 The next few years should lead 
to a resolution of this question. 
 
Recently, the FDA has mandated that for new drugs that will be marketed as the racemate, the inactive 
enantiomer must be proven to be benign. Separation of enantiomers is often very costly, so the possibility of 
selling the racemic mixture can be an important criterion for viable drug candidates.  
 
The experimental portion of this laboratory is straightforward and short. You will be given a generic 
commercial brand that contains 200 mg of ibuprofen in a tablet. The sugar and binder are easily removed by 

CO2HH3C *

Ibuprofen
[2-(4-Isobutylphenyl)propanoic Acid

Is it

CH3

CH3

CO2HH3C *

CH3

CH3

or

CO2HH3C *
CH3

CH3

or both?
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dissolution of the crushed tablet in acetone. A simple filtration-recrystallization sequence leads to excellent 
recovery of pure ibuprofen. But is this the RS (racemic) pair, or the (S)- or (R)-isomer? 
 
If enantiomers are solids, they will have exactly the same melting point. The racemic modification of the same 
enantiomers, however, will have a different melting point because the forces between molecules in a crystal 
lattice are sensitive to changes in geometry.2 The intercrystalline forces in a packing of ---S---S---S---S--- 
cannot be identical to those in an ---S---R---S---R--- arrangement. Thus, the ibuprofen isolated may be 
identified as one of the enantiomers or the RS pair simply by comparing its melting point to the given literature 
values. 
 

Physical Constants for Ibuprofen 
 

 mp (°C)  [α]D 

(R)-(-) 52  -57º 

(S)-(+) 52 +57º 

(RS) (racemate) 77.5  0º 

 
The 1H and 13C NMR spectra of ibuprofen can be found on the Chem32L course page on Canvas or on 
Google sites. Interpreting them provides a nice exercise in spectral analysis. 
 
EXPERIMENTAL PROCEDURE 
Isolation of Ibuprofen from Tablets 
1. Set the hot plate to a “low” setting. 
2. Obtain the mass of three (3) ibuprofen tablets. Crush the tablets in a mortar and pestle. Tap the powder 

into a 25 mL Erlenmeyer flask and add 10 mL of reagent grade acetone. Warm the flask on the hot plate 
for 15 min with constant swirling on a low setting (2 to 3), then allow it to stand at room temperature for 10-
15 min until any undissolved material completely settles. If some acetone evaporates, add more acetone to 
keep the volume around 10 mL. 

3. Collect the solid on a Hirsch funnel (clean, dry filter flask!) and rinse twice with 1 mL of reagent grade 
acetone. Transfer the clear, colorless filtrate into a 25 mL round bottom flask and evaporate the acetone on 
the rotavapor. 

4. In this next step we will purify Ibuprofen by recrystallizing it in Hexane. Use 2–3 mL of boiling Hexane to 
dissolve the residue in the round bottom flask and transfer the mixture into a 25 mL Erlenmeyer flask. Heat 
the mixture gently to boiling and add more hot Hexane until all the solid dissolves.  Stopper the flask and 
cool it to room temperature. Ibuprofen will start crystallizing. If crystallization does not occur, gently scratch 
the flask with a glass rod and cool the solution in ice-water. When crystallization appears to be complete, 
collect the crystals on a clean Hirsch funnel and rinse with 1-2 mL of cold Hexane. 

5. Transfer the recrystallized Ibuprofen in a small beaker and allow it to air dry.  
Weigh the product obtained and calculate its % recovery. Measure its melting point and check the purity of 
the product by TLC. Take its IR spectrum and analyze the major peaks.  Print out the 1H and 13C NMR 
spectra that are posted on the Chem 32L google sites webpages, tape them in the notebook and interpret 
both spectra. Refer to Table pages 8-9 for a complete list of required analysis for your product. 
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Questions  
1. Calculate the average mass of sugar plus binder in an ibuprofen tablet, assuming 200 mg of ibuprofen per 

tablet. 
2. The specific rotation of +57º given for (S)-ibuprofen represents material with 95% optical purity.3 Given the 

equation below, calculate the specific rotation of enantiopure4 ibuprofen. 
([α]D of an enantiomeric mixture) (100) 

% optical purity = ──────────────────────────── 
[α]D of one pure enantiomer 

 
3. Judging from the melting point of the material isolated from the tablets, is the ibuprofen present as the dl 

pair or as a single enantiomer? 
 
REFERENCES 
1. Borman, S. “Chirality Emerges as Key Issue in Pharmaceutical Research,” Chemical & Engineering News, 

pp. 9–14, July 9, 1990. 
2. Eliel, E. L. Stereochemistry of Carbon Compounds, McGraw-Hill, New York, 1962, pp. 43–47. 
3. Kaiser, D. G.; Vangiessen, G. J.; Reischer, R. J.; Wechter, W. J. J. Pharm. Sci., 1976, 65, 269–273. 
4. The term “enantiopure” has been suggested by E. L. Eliel and S. H. Wilen, Letter in Chemical & 

Engineering News, September 10, 1990, p. 2. 
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GROUP 2: CHROMATOGRAPHIC SEPARATIONS 
COLUMN CHROMATOGRAPHY – A PRIMER 
Read this section and pp. 270-287 in Techniques in Organic Chemistry before doing any of the 
experiments in this group! 
Column chromatography is a preparative method for separating and isolating compounds from mixtures. The 
method is used for obtaining compounds from natural sources or for purifying products from reaction mixtures. 
The underlying physical principles of column chromatography are identical to those we learned for TLC. 
Essentially column chromatography is an upside-down version of TLC (Figure 1). Instead of having a thin 
layer of adsorbent attached to a solid support, a column is filed with a larger amount of adsorbent and the 
mixture is loaded on top of it. While TLC relies on capillary forces for moving the solvent, in column 
chromatography an eluent is allowed to percolate through the column by gravity (and sometimes applied 
pressure). As the eluent is moving down the column it carries the soluble compounds with it. Compounds 
having strong interactions with the adsorbent move more slowly than compounds having weaker interactions 
with the adsorbent. Under the right conditions the compounds will separate in distinctive bands and each 
band will come out of the column individually. The bands are collected, and the solvent is evaporated to give a 
clean compound. 
 

 
 

Figure 1: Separation of mixture of compounds by column chromatography. 
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Column packing 
Column chromatography starts with packing a column with an adsorbent material. The most common 
adsorbent is silica gel. Silica gel (SiO2) is commercially available in various particle sizes and has the 
appearance of a white powder. Other common adsorbents are alumina (Al2O3) and reverse phase silica.1 The 
particle size has a tremendous effect on separation. As the particle size decreases, the relative surface area 
per unit weight increases. More surfaces are available for interaction with the solute and therefore better 
separation per unit weight is achieved. While smaller particles enhance separation, they also slow the 
solvent’s flow rate through the column. Small particles are packed well together and the resistance to solvent 
flow increases. Pressure can be applied to facilitate the flow. The column is usually made of glass and is 
clamped vertically onto a stand. Good packing is crucial for achieving a good separation. The material needs 
to be evenly distributed along the column and the surface needs to be flat to ensure that the compounds will 
be moving in parallel bands and that mixing between bands is minimized. The first step in packing a column is 
the creation of mechanical barrier that will support the adsorbent (Figure 2). The barrier needs to allow for 
solvent to flow but at the same time keeps the adsorbent inside the column. A cotton or glass wool plug is 
inserted into the bottom of the column and a layer of sand is added on top. Some columns do have a filter at 
the bottom and no cotton or sand are needed. 
 
The sand has a dual function: it acts as a filter to prevent leaking of small adsorbent particles out, and it 
creates a flat surface to supporting layering the adsorbent. The adsorbent is added either ‘wet’ or ‘dry’. In wet 
packing the adsorbent is suspended in solvent and the slurry is transferred into the column. In dry loading the 
adsorbent is added directly to the column. 
 

 

                                            
1 Reverse phase silica is chemically modified silica gel where its surface is covered with long alkyl chains 
(typically 8 or 18 carbons). This modification transforms the silica gel surface from being hydrophilic to being 
hydrophobic. Reverse phase silica is used for separation of highly polar compounds. 
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Figure 2: Assembly and dry loading of micro column. 

Column loading 
Once a column is packed, the mixture intended for separation is loaded on top of the column. Two main 
methods are used to load the column: wet and dry loading. In wet loading the mixture is dissolved in a 
minimal amount of solvent and the solution is transferred to the top of the column. When wet loading it is 
important to apply the solution on the walls of the column to minimize disruption of the column filling. In dry 
loading the mixture is first dissolved in a minimal amount of solvent and some of the adsorbent material is 
added. After the solution is mixed with the solid, the solvent is evaporated to dryness. This process results in 
adsorption of the mixture onto the surface of the adsorbent. The solid powder is then added on top of the 
column. Dry loading is used mainly when the mixture is only soluble in solvents that are more polar then the 
eluent of choice for the column. If excessively polar solvent is used for wet loading, it will stay inside the 
column and increase the local polarity, which can jeopardize the separation on the column: effectively the 
compound will experience the polarity of the solvent that was used for loading rather than the desired eluent 
solvent. Dry loading allows for separation in time and space between the processes of dissolving and loading. 
The mixture is initially dissolved a polar solvent, but it is loaded on the column only after the polar solvent has 
been evaporated and the compound is adsorbed to the surface of the adsorbent. Therefore, this process 
eliminates applying the polar solvent onto the column. 
 
Eluting the column 
Once the mixture is loaded on the column, eluent (a solvent or a mixture of solvents) is added and is allowed 
to percolate through the column. The eluent seeps down the column due to gravity (“gravity column”) or 
alternatively is forced through the column by applying air pressure (“flash column’’). The solvent is collected at 
the bottom of the column in several fractions. The optimal solvent system for eluting the column is determined 
by finding good separation conditions on TLC plate prior to running the column. The eluent can have the 
same polarity throughout the separation process (isocratic), or the polarity can be progressively increased 
(applying a gradient). A typical gradient starts with a non polar solvent (e.g. hexane) and as the column is 
progressing, an increasing amount of a polar solvent (e.g. ethyl acetate) is added.  
 
Following the progress of the column 
If a compound is colored, it is easy to follow its progress in the column and collect solely the relevant part of 
the eluent coming out of the column. Yet, most compounds are not colored. As a result, the entire eluent 
stream is collected in fractions (usually in test tubes), and each fraction is tested for its contents. The most 
common way is to run a TLC of each fraction. A drop from each fraction is placed on a TLC plate (next to a 
drop from the crude mixture) and the TLC is developed. Figure 3 shows a TLC plate for the collected fractions 
from a typical separation. Based on the TLC data, fractions containing similar spots are combined, and the 
solvent is evaporated to give the desired product. Fractions that have impurities/mixtures can be pooled 
separately and purified again. In this example shown, a good separation exists between the two top spots 
(orange and green). Fractions 2-4 and 6-8 will each give a pure compound. The separation between the 
second and third spot (green and blue) was less efficient, and therefore fraction 9 has a mixture of both. 
Fractions 10-11 have the third compound alone. 
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Figure 3: Following the progress of column chromatography by TLC. 
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SUPPLEMENT 5: SEPARATING A THREE-COMPONENT MIXTURE BY COLUMN CHROMATOGRAPHY 
OVERVIEW 
In this experiment you will be provided with a mixture containing three components: ferrocene, acetyl 
ferrocene, and 9-fluorenone (Fig. 1). You will have to separate the compounds using column chromatography 
and find the amount of each. First you will pack a column with silica gel and load the mixture on it. Then you 
will elute the compounds from the column using a series of solvents with progressive increases in polarity. 
The degree of separation will be analyzed by TLC. 
Note: The column chromatography will take a whole lab period, so this experiment has to be started at the 
beginning of a lab period.   

          
Figure 1. Chemical structures of ferrocene, acetyl ferrocene, and 9-fluorenone. 

 
EXPERIMENTAL PROCEDURE 
Dry column packing  
Obtain a 6-inch micro column (ask your instructor) and create a support for the stationary phase (silica gel). 
Clamp the column onto a stand and make sure that the column is vertical. Using a small plastic filter funnel 
add silica gel until the column is filled to little less than half way. Tap the column again so that the contents of 
the column will settle and become well packed. Once the silica has settled, carefully add sand to give a thin 
layer of sand (3-5 mm) above the silica gel. You may find it helpful to review Figure 2 in the primer for Group 
2.  
 
Dry column loading 
Weigh out about 100 mg of the unknown mixture (record the exact weight) and transfer it into a small conical 
vial. Add to the vial about 100 mg of silica gel and wet the mixture with 2-3 drops of diethyl ether (ether). Stir 
the contents of the vial with a spatula until the solvent evaporates and the solid behaves like a dry powder. 
Transfer the solid mixture onto the packed micro column. Cover the colored mixture with an additional layer of 
sand (~5 mm). 
 
Eluting the column 
Before you begin the chromatography, obtain a rack of test tubes (8 test tubes, 13x100 mm). You will collect 
fractions of about 5 mL in each tube. Place the first tube under the column. To begin the chromatography, 
measure 10 mL of Hexane in a graduated cylinder. Using a pipette, carefully add the mobile phase directly to 
the top of the column without disrupting the top layer of sand. The mobile phase will percolate through the 
column. Continue adding more mobile phase until the column is almost full. Use air pressure to facilitate the 
solvent flow through the column but be sure not to let the level of the mobile phase drop below the upper layer 
of sand. You will observe an orange band at the top of the silica gel traverse down the column. After the first 5 
mL are eluted from the column, switch to a new test tube. Elute the column with the rest of the hexane. At this 
point, switch to a more polar solvent system (25 mL of 8% ethyl acetate/ hexane). Continue eluting the 
column with this solvent system, changing tube every 5 mL. Once all the ethyl acetate/ hexane is used, switch 
to pure ethyl acetate (about 5 mL) until the red band has been collected. 
 
Using air pressure 
Fold-back about 1/2 inch of one end of a latex tube (Figure 2). This will provide a flat end (especially for a 
worn tube) and resistance to a griping pressure. Connect the other end to an air outlet. Gently open the valve 
and adjust the airflow. It is better to start with low flow and gradually increase it than to have excessive 

O

Fe Fe

O



30 
 

 

pressure and need to reduce it. Hold the folded end between your fingers and establish a contact between the 
tube and the top of the column. Don’t try to attach the tube, just secure a tight contact to result in an enhanced 
flow of solvent. Pull back the tube when the eluent is about 1-2 cm above the sand level. Be careful not to dry 
the column. Your Lab Instructor or TA can demonstrate the method. 
 

 
 

Figure 2. Applying air pressure to a microcolumn. CAUTION! Never attach the tube to the column. 
Attachment can result in excess pressure and burst shattering of the glass. 

 
TLC analysis the fractions and product isolation 
Obtain small silica gel TLC plates and analyze the individual fractions to determine the extent of separation 
using a TLC solvent system of 8% ethyl acetate/hexane. Transfer the appropriate fractions to a pre-weighed 
round bottom flask and evaporate the contents of the flask using a rotavapor. Weigh the compounds and 
measure their melting points. Report the mass and percentage mass of each compound relative to the mass of 
the initial mixture along with respective melting points. Obtain IR spectra of the pure compounds and measure 
their melting points. Label the main peaks on the IR spectra and tape them in your notebook. Refer to Table 
pages 8-9 for a complete list of required analysis for your product. 
 
Clean the column and return all the pieces (column, funnel, stopcock) into the appropriate drawer.  
 
 
QUESTIONS 
1.  How efficient was the separation of the three compounds by this method? 
2.  Can you explain why it was necessary to switch to different solvents during the elution of the column? 
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SUPPLEMENT 6: ISOLATION AND ANALYSIS OF SPINACH PIGMENTS 
 

PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 
• Sections 19.1-19.7, pp. 270-287 
• Column chromatography primer at the beginning of Group 2 in this syllabus 

 
Note: The pigments are fairly unstable, so it is highly suggested to start and finish the experiment within one 
lab period. 
 
Although green is the color of fresh spinach leaves as well as those from many other plants, there are actually 
a number of different-colored pigments contained in them. These include chlorophyll a, which is found in all 
land plants and is a photosynthetic pigment that absorbs light in the red (620–760 nm) and blue regions (450–
475 nm) of the electromagnetic spectrum. Absorbing light provides the energy needed for the synthesis of 
glucose. Other pigments found in the leaves are chlorophyll b and the carotenoids. These absorb light at 
different wavelengths than does chlorophyll a but transfer the energy that results to it as part of the 
photosynthesis of glucose. Carotenoids are members of the broad class of biologically produced substances 
called isoprenoids—molecules for which the basic building block is isoprene (2-methyl-1,3-butadiene)—and 
the structure of one of these is provided below; the dashed lines represent the point of linkage between the 
isoprene units. 
 

 
 
You can learn about these pigments and see their structures by visiting the following URLs: 
http://en.wikipedia.org/wiki/Chlorophyll; http://en.wikipedia.org/wiki/Xanthophyll; 
http://en.wikipedia.org/wiki/Carotenoid.  
 
EXPERIMENTAL PROCEDURE 
Weigh about 0.5 g of fresh spinach leaves, tear them into small pieces, and place them in a mortar containing 
about 1 mL of acetone (reagent grade). Macerate the spinach using a pestle until the leaves are broken in 
pieces and too small to be seen clearly. With a Pasteur pipet, transfer the mixture to a centrifuge tube. If too 
much acetone has evaporated during the maceration step to make the transfer possible, add an additional 
0.5–1 mL of acetone to the mixture before transferring it. Rinse the mortar and pestle with 1 mL of acetone 
and transfer the rinse to the centrifuge tube. Centrifuge the mixture and then use a Pasteur pipet to transfer 
the supernatant to a centrifuge tube with a tight-fitting cap.  
 
Add 2 mL of hexane to the tube, cap it, and shake the mixture vigorously. Now add 2 mL of water to the tube 
and shake the tube thoroughly, occasionally venting it to relieve any pressure that develops. Finally, 
centrifuge the mixture to break the emulsion that usually appears as a green layer in the middle of the liquid 
layer and then remove the aqueous layer (which is it?) from the tube using a Pasteur pipet. 
 
To dry the organic layer, which contains the spinach pigments, add about 0.8 g of anhydrous sodium sulfate 
to it and mix it with a micro spatula. Let it sit for 5 minutes and pipet the liquid into a 10 mL round bottom flask.  
Evaporate the hexane on the rotavapor (ask your instructor for help) and dissolve the residue in 400 µL of 
hexane and tightly stopper the flask. Obtain five small test tubes and label them 1–5, and obtain a small 
chromatography column. 
 

β-CaroteneIsoprene
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Preparing and Developing a Column  
Take a 6-inch micro column (ask your instructor). Clamp the column onto a stand and make sure that the 
column is vertical. Using a small plastic filter funnel add 1.25 g of alumina to the column, and carefully add a 
small amount of sand at the top of the alumina (3-5mm). Check to make sure the top of the column is flat. 
You may find it helpful to review Figure 2 in the primer for Group 2. 
 
Place a small beaker under the column, and carefully wet the alumina with enough hexane (about 3 mL) 
using a Pasteur pipet. Allow the hexane, the initial eluent for this procedure, to drain from the column until the 
level of hexane is just at the top of the sand. Caution: Never let the solvent level drop below the top of the 
sand.  Add additional hexane if necessary, to prevent this from occurring. Place test tube #1 under the column 
and add 300 µL of the solution of spinach pigments to the column, reserving the remainder of the solution for 
analysis by TLC. Let the solution of spinach pigments to drain to just above the top of the sand. Then add 
about 1 mL of hexane and continue to collect the eluent in test tube #1 until the level of liquid is again at the 
top of the sand. 
 
Add another 5 mL of hexane and elute the column into test tube#1. Watch to see whether a yellow band 
begins to separate from the green band. If it does, continue to add hexane until the yellow band reaches the 
bottom of the column. At this point, switch to test tube #2 and collect the yellow band as you continue to add 
hexane as needed at the top of the column.  
 
If after eluting the 5 mL of Hexane a yellow band appears not to be separating from the green one add a more 
polar eluting solvent composed of 70% hexane and 30% acetone. If the original green band still does not 
seem to be separating into separate bands, make the eluting solvent even more polar by increasing the 
amount of acetone in it. Just as you did before, let the level of the less polar solvent drop to the top of the 
sand before adding the polar eluent. Once you find an eluent that causes a yellow band to move ahead of the 
green one, continue to use this solvent until the yellow pigment emerges from the column. 
 
When the eluent from the column runs clear following elution of the yellow band, switch to test tube #3 and 
add several milliliters of the next more polar solvent to begin elution of the green band. Again, continue to use 
whichever polar solvent causes the green band to move down the column; you may need to add increasingly 
more polar solvents to affect this. Collect the green band in test tube #4, continuing the collection until the 
eluate is no longer green or only slightly so. Then use test tube #5 to collect any eluent that continues to drain 
from the column. 
 
Isolating the Pigments  
Concentrate the eluates in test tubes 0, 2, and 4 to dryness by placing them in a water bath or a sand bath at 
a temperature of 40–60 °C and passing a gentle stream of air over them, or by using a rotavapor. Remove the 
tubes from the bath immediately after the solvents have evaporated; continued exposure of the pigments to 
oxygen and heat will degrade them.  
 
Thin-Layer Chromatography - Preparing and Developing the Plate  
Obtain a small silica gel TLC plate. Using a lead pencil, draw a light line across the width of each plate ca. 1 
cm from the bottom. Put three short and light “tick” marks about 1 cm apart, with the first and third marks 
being about 0.6 cm from the edge of the plate. At the top of each plate, designate the three marks as 0, 2, and 
4, numbers that correspond to the samples of pigments contained in the test tubes. A properly marked plate is 
shown below. Dissolve the dried pigments in each of the three test tubes by adding two drops of 70% 
hexane–30% acetone to each tube, swirling the tube so that dissolution of the pigment occurs.  
 
Using capillary tubes, spot the plate with a sample of the solution from each of the three labeled test tubes, 
putting each spot in the position corresponding to the number at the top of the plate. For samples #0 and #4, 
only a single light touch of the capillary tube is required to transfer an amount of solution to the plate for the 
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analysis; the spot should be dark green and no more than 2 mm in diameter. However, for sample #2, 
spotting the plate repeatedly for up to 10 times may be required to obtain a clearly discernible yellow spot. Be 
sure to allow the solvent to evaporate completely between applications. As with the two other spots, the 
yellow spot should be no more than 2 mm in diameter. 
 
Develop the plate by putting it into a chamber that contains a 70% hexane–30% acetone mixture. Do not let 
the plate touch any surface other than that of the glass chamber and be certain that the liquid in the chamber 
is not at or above the position of the spots. Allow the eluting solvent to rise up to within 1–2 cm of the top of 
the plate before removing the plate from the chamber, marking the location of the solvent front on the plate 
with a pencil.  
 
After the solvent has evaporated from the plate, circle the location of each of the three spots and note their 
color. 
 

 
 
Clean the column and return all the pieces (column, funnel, stopcock) into the appropriate drawer. 
 
Analysis  
A good TLC separation will reveal as many as eight colored spots, in order of decreasing Rf values: the 
carotenes (1 spot, orange), chlorophyll a (blue-green), chlorophyll b (green), the xanthophylls (possibly 3 spots, 
yellow). Identify as many spots as you can. Calculate the Rf values of all spots on the plate you developed. 
Include the plate in your notebook as a permanent record. In your conclusion you should address how well the 
column separated the various pigments. Refer to Table pages 8-9 for a complete list of required analysis. 
 
Questions 
1. How many isoprene units are contained in β-carotene? 
2. Which type of molecule, the chlorophylls a and b or the carotenoids (see the URLs cited above) has the 

lower Rf value? 
3. Review the structures of chlorophyll a and that of β-carotene, the dominant pigment in carrots. Which of 

these two molecules is expected to be less polar and why? 
4. Is your answer to Question 3 consistent with that to Question 2? Explain briefly. 
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SUPPLEMENT 7: EXTRACTION AND COLUMN CHROMATOGRAPHY OF DEET FROM OFF!* 
The insect repellent in Off! is N,N-diethyl-m-toluamide, commonly known as DEET. It is possible to isolate 
DEET from Off! by a simple extraction with ethyl acetate.  After isolating the compound, you can purify it using 
column chromatography.  
 

 
 
PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 

• Sections 19.1-19.7, pp. 270-287 
• Column chromatography primer at the beginning of Group 2 in this syllabus 
• Microscale extraction, section 10.6b, pp. 155-160 
• Drying organic liquids, section 11.1 and 11.2, pp. 163-168 
 

Note: The column chromatography has to be all done within one lab period. 
 
EXPERIMENTAL PROCEDURE  
Extraction of DEET 
Spray an estimated 1.5 mL of “Off!” directly into a 10-mL graduated cylinder. Add 4 mL of water and 3 mL of 
ethyl acetate. Mix the layers well with aid of a Pasteur pipet in order to extract the DEET into ethyl acetate Let 
the two layers settle and transfer the ethyl acetate layer (top layer) with a Pasteur pipet to a clean centrifuge 
tube. Extract the aqueous layer (that remains in the graduated cylinder) a second time with a fresh 2-mL 
portion of ethyl acetate and transfer the ethyl acetate layer into the centrifuge tube.  Thoroughly dry the ethyl 
acetate layer by adding 3 microspatula full of sodium sulfate to the centrifuge tube.  Stir the mixture with the 
microspatula. Pipet the solution into a pre-weighed (tared) 25 mL round bottom flask, making sure to leave the 
solid behind. Evaporate the solvents using a rotavapor. Set aside a small amount of the DEET extract (one 
drop) in a small capped vial for later and dissolve the remaining DEET extract in about 0.5 mL of hexane for 
the purification by column chromatography. 
Column Chromatography of DEET  
The principle of liquid chromatography is explained in textbook sections 19.1-19.7, pp. 270-287 
and the method is briefly summarized on the next page. Before you begin the chromatography, obtain 8 small 
vials with caps (like the ones you use for TLC solutions) and prepare the column by using a 6-inch micro 
column. Clamp the column in place and by using a small plastic filter funnel add dry alumina until the column 
is filled to little less than half way, about 2 inches high. Tap the column with a rubber policeman so that the 
contents of the column will settle and become well packed. Once the alumina has settled, carefully add sand to 
give a thin layer of sand (3-5 mm) above the alumina. You may find it helpful to review Figure 2 in the primer 
for Group 2. Measure 4 mL of hexane in a graduated cylinder and carefully add the mobile phase (hexane) 
directly to the top of the column with a pipet without disrupting the top layer of sand. Place a small beaker 
under the column outlet. Open the stopcock to let the hexane drain out of the column. Once the level of hexane 
is just at the top of the sand, close the stopcock. Caution: Never let the solvent level drop below the top of the 
sand.  Add additional hexane if necessary, to prevent this from occurring. Add the solution of DEET extract to 
the top of column.  Use about 0.5 mL of hexane to rinse the flask that contained the solution and add the rinse 
to the top of the column too. Open the stopcock and let the solution drain until the level of solution is just at the 
top of the sand, then close the stopcock. Place the first vial under the column and carefully fill up the column 

H3C

N(CH2CH3)2

O

N,N-Diethyl-m-toluamide
MW           191.3 g/mol
bp              160 °C @ 19 torr
d (g/mL)    0.996
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with hexane without disturbing the top of the sand. Now you are ready to “run “ your column. Open the 
stopcock and let the solution drain in the vials, by collecting fractions of about 1-2 mL. Add more hexane to the 
column in order to obtain at least 8 fractions.  
Use 3 small TLC plates and spot your fractions (3 per plate) to see which contain pure DEET.  Make a spotting 
solution of the crude extract that you saved earlier and spot it next to fractions one and two on the first plate to 
use it as a reference. Once you determined which fractions are pure, combine them into a pre weighed 25 mL  
round bottom flask and evaporate the solvent using a rotavapor.  Weigh the pure product and take an IR 
spectrum. If the amount of product is so small that you cannot pipet it out you can dissolve it in a couple of 
drops of Ethyl Acetate and let it evaporate on the IR spectrometer before scanning the sample (ask your 
instructor for help).  To calculate the percentage of DEET in the sample, assume that the density of the original 
OFF! mixture is 1.0 g/mL. Refer to Table pages 8-9 for a complete list of required analysis. 
Let the solvent drain out of the column, clean the column and return all the pieces (column, funnel, stopcock) 
into the appropriate drawer.  
 
 
Questions 
1. How does the experimental % of DEET compare with the percentage of DEET in Off! as specified by the 

manufacturer? 
2. At what wave number (cm1-) does the carbonyl absorption appear in the IR spectrum of DEET?  
3. The corresponding absorption in acetone (2-propanone) is at about 1710 cm-1. What accounts for the 

difference in the location of the carbonyl absorption in DEET vs. acetone? 
4. How many peaks would you expect to see in the 13C NMR spectrum of DEET (assume that the ethyl 

groups on the nitrogen atom are magnetically equivalent; they actually are not owing to “amide 
resonance.”)? 

5. Using the same assumption as that in Exercise 4, how many positive peaks would you expect to see in the 
DEPT-135 spectrum of DEET? (DEPT technique is described on pp. 427-431 in the textbook)  

Reference 
*Adapted from an experiment developed by Alex Roland, Professor Emeritus, Gettysburg College.  
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Figure 1. Pictorial view of column chromatography 

Column chromatography is an 
adsorption chromatography. 

The stationary phase is a powder of 
adsorption material such as silica or 
alumina that is put in a glass column or 
in a Pasteur pipet. 

The mobile phase is a solvent which is 
flushed through the column until the 
powder is wet. 

The sample to be separated is 
dissolved in a small amount of solvent 
and put at the top of the column.
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GROUP 3: ESTER FORMATION 
SUPPLEMENT 8: THE PREPARATION OF A LOCAL ANESTHETIC, BENZOCAINE 

 
PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 

• Refluxing, pp.87-90 
• Drying tube: section 7.3 pp. 90-92 
• Microscale recrystallization and vacuum filtration, section 15.6, pp. 231-232 
• Melting points, section 14.3, pp. 215-217 
• Interpreting IR spectra, sections 21.7, 21.8, and 21.9, pp. 325-339 

 
INTRODUCTION – LOCAL ANESTHETICS  
Local anesthetics, or "painkillers," are a well-studied class of compounds. Chemists study the essential 
features of a naturally-occurring drug and try to improve on them by substituting totally new, synthetic parts. 
Often the new analogs are superior in desired medical effects and also in lack of unwanted side effects or 
hazards.  
 
The coca shrub (Erythroxylon coca) grows wild in Peru, specifically in the Andes Mountains, at elevations of 
500 to 2000 m above sea level. The natives of South America have long chewed these leaves for their 
stimulant effects. Leaves of the coca shrub have even been found in pre-Inca Peruvian burial urns. The 
leaves bring about a definite sense of mental and physical well-being and have the power to increase 
endurance. For chewing, the natives smear the coca leaves with lime [Ca(OH)2, not the citrus fruit!] and roll 
them. The lime apparently releases the alkaloid components; it is remarkable that the natives learned this 
subtlety long ago by some empirical means. The pure alkaloid responsible for the properties of the coca 
leaves is cocaine.  
 

 
Figure 1. Cocaine and Eucaine.  

 
Moderate indulgence, as practiced by the coca-chewing natives, probably produces no more ill effects than 
moderate tobacco smoking does. The amounts of cocaine consumed in this way by the Indians are extremely 
small. Without such a crutch of central-nervous-system stimulation, the natives of the Andes would probably 
find it more difficult to perform the nearly Herculean tasks of their daily lives, such as carrying heavy loads 
over the rugged mountainous terrain. Unfortunately, overindulgence can lead to mental and physical 
deterioration and eventually an unpleasant death.  
 
The pure alkaloid in large quantities is a common drug of addiction, which is psychological if not physical. 
Sigmund Freud first made a detailed study of cocaine in 1884. He was particularly impressed by the ability of 
the drug to stimulate the central nervous system, and he used it as a replacement drug to wean one of his 
addicted colleagues from morphine. This attempt was successful, but unhappily, the colleague became the 
world's first known cocaine addict.  
 
An extract from coca leaves was one of the original ingredients in Coca-Cola. However, early in the present 
century, government officials, with much legal difficulty, forced the manufacturer to omit coca from its 
beverage. The company has managed to this day to maintain the coca in its trademarked title even though 
"Coke" contains none!  
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Our interest in cocaine lies in its anesthetic properties. The pure alkaloid was isolated in 1862 by Niemann, 
who noted that it had a bitter taste and produced a queer numbing sensation on the tongue, rendering it 
almost devoid of sensation. (Oh, those brave, but foolish chemists of yore who used to taste everything!) In 
1880, Von Anrep found that the skin was made numb and insensitive to the prick of a pin when cocaine was 
injected subcutaneously. Freud and his assistant, Karl Koller, having failed at attempts to rehabilitate 
morphine addicts, turned to a study of the anesthetizing properties of cocaine. Eye surgery is made difficult by 
involuntary reflex movements of the eye in response to even the slightest touch. Koller found that a few drops 
of a solution of cocaine would overcome this problem. Not only can cocaine serve as a local anesthetic, but it 
can also be used to produce mydriasis (dilation of the pupil). The ability of cocaine to block signal conduction 
in nerves (particularly of pain) led to its rapid medical use in spite of its dangers. It soon found use as a "local" 
in both dentistry (1884) and in surgery (1885). In this type of application, it was injected directly into the 
particular nerves it was intended to deaden. 
 
Soon after the structure of cocaine was established, chemists began to search for a substitute. Cocaine has 
several drawbacks for wide medical use as an anesthetic. In eye surgery, it also produces mydriasis. It can 
also become a drug of addiction. Finally, it has a dangerous effect on the central nervous system.  
The first totally synthetic substitute was eucaine (see Figure 1). This was synthesized by Harries in 1918 and 
retains many of the essential skeletal features of the cocaine molecule. The development of this new 
anesthetic partly confirmed the portion of the cocaine structure essential for local anesthetic action. The 
advantage of eucaine over cocaine is that it does not produce mydriasis and is not habit-forming. 
Unfortunately, it is highly toxic.  
 
A further attempt at simplification led to piperocaine. The molecular portion common to cocaine and eucaine is 
outlined by dotted lines in the structure shown. Piperocaine is only a third as toxic as cocaine itself.  

 
Figure 2. Piperocaine.  

The most successful synthetic for many years was the drug procaine, also known more commonly by its trade 
name Novocain (see table). Novocain is only a fourth as toxic as cocaine, giving a better margin of safety in 
its use. The toxic dose is almost 10 times the effective amount, and it is not a habit-forming drug.  
 
Over the years, hundreds of new local anesthetics have been synthesized and tested. For one reason or 
another, most have not come into general use. The search for the perfect local anesthetic is still under way. 
All the drugs found to be active have certain structural features in common. At one end of the molecule is an 
aromatic ring. At the other is a secondary or tertiary amine. These two essential functionalities are separated 
by a central chain, one to four atoms in length. The aromatic part is usually an ester of an aromatic acid. The 
ester group is important to the bodily detoxification of these compounds. The first step in deactivating them is 
a hydrolysis of this ester linkage, a process that occurs in the bloodstream. Compounds that do not have the 
ester link are both longer lasting in their effect and generally more toxic. An exception is lidocaine, which is an 
amide. The tertiary amino group is apparently necessary to enhance the solubility of the compounds in the 
injection solvent. Most of these compounds are used in their hydrochloride salt forms, (see below) which can 
be dissolved in water for injection. Benzocaine, in contrast, is active as a local anesthetic but is not used for 
injection. It does not suffuse well into tissue and is not water-soluble. It is used primarily in skin preparations, 
in which it can be included in an ointment of salve for direct application. It is an ingredient of many sunburn 
preparations.  
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How these drugs act to stop pain conduction is not well understood. Their main site of action is at the nerve 
membrane. They seem to compete with calcium at some receptor site, altering the permeability of the 
membrane and keeping the nerve slightly depolarized electrically.  

 
 
In this experiment, the synthesis of benzocaine (2) is carried out by the acid-catalyzed esterification of 4- 
aminobenzoic acid (1) with ethanol:  
 
 

 
 

PRELAB EXERCISES  
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1. Refer to the structure of Procaine in the table in the above introduction, “Local Anesthetics.” Using 4-
aminobenzoic acid, give a reaction equation illustrating how Procaine could be prepared.  

2. Which of the two possible amino functional groups in Procaine would be protonated first? Why?  
 
EXPERIMENTAL PROCEDURE 
Safety notes 

• Sulfuric acid is very corrosive. Do not allow it to come in contact with your skin or clothes. 
 
Synthesis  
In a 10-mL round bottom flask, add 1.0 mmol of 4-aminobenzoic acid (often called PABA for para-
aminobenzoic acid), 1.5 mL of absolute ethanol (absolute ethanol is completely free of water), and 3 boiling 
chips. Heat this mixture in a sand bath or in a heating block until all the solid dissolves. Cool in ice and then 
add dropwise 0.25 mL of concentrated sulfuric acid.  A large amount of precipitate will form when the sulfuric 
acid is added, but the precipitate will dissolve during the reflux that follows. Connect an air condenser from the 
microscale kit to the round bottom flask, and reflux gently for 60-75 min (check the boiling point of Ethanol in 
the Aldrich catalog). Check periodically to be sure that the mixture is refluxing gently and that the ring of 
condensation of solvent lies somewhere along the inner surface of the air condenser; loss of solvent will 
cause overheating and a significant decrease in yield.  
 
Isolation and Purification  
Detach the air condenser from the round bottom flask and allow the reaction mixture to cool to room 
temperature. Pour the reaction mixture into a 25-mL Erlenmeyer flask and add 3 mL of distilled water. 
Dropwise, add saturated sodium bicarbonate (about 3 mL, approximately 10% or 1 M) to neutralize the 
excess sulfuric acid and the ammonium sulfate salt form of the amino ester (making it neutral and insoluble in 
water). After each addition of the sodium bicarbonate, agitate the solution to mix thoroughly. Extensive CO2 
evolution (gas) and frothing will be observed until the mixture is nearly neutralized. As the pH increases, a 
white precipitate of benzocaine is produced. When gas no longer evolves as you add a drop of sodium 
bicarbonate, check the pH of the solution with pH paper and, if it is less than 8, add further portions of 
saturated sodium bicarbonate solution.  
 
Collect the benzocaine by vacuum filtration using a Hirsch funnel. Use three 1-mL portions of cold water to 
wash the product crystals from the flask onto the funnel. Make sure the product is rinsed thoroughly with cold 
water. Transfer the product into a small beaker, let it dry for 10 min and weigh it. 
 
The crude product is recrystallized by the mixed solvent method using methanol and water. Place the product 
in a 10 mL Erlenmeyer flask containing a boiling chip. Add boiling methanol dropwise with a Pasteur pipet 
until the solid just dissolves. Keep the solution boiling by placing it on a heating block and add 2 to 3 additional 
drops of MeOH.  Then add hot water dropwise until the mixture turns slightly cloudy.  Remove the solution 
from the hot plate and let it cool slowly to room temperature and then complete the crystallization by cooling in 
an ice bath. Collect the solid by filtration using some cold water.  Transfer the crystals into a small beaker and 
determine the weight of the recrystallized product after it has dried for at least 10 minutes.  
 
Analysis  
Analyze your final product by IR, determine the yield, and compare your melting point to the literature mp (lit 
mp = 88-90oC). The IUPAC name for benzocaine is 4-Ethylaminobenzoate. Analyze the HNMR spectrum of 
benzocaine that is posted on the lab website.  Print the spectrum, tape it in your notebook and analyze it. Refer 
to Table pages 8-9 for a complete list of required analysis for your product. 
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QUESTIONS  
1. Give the full balanced equations for all three reactions that occur when the saturated sodium bicarbonate 

solution is added to the cooled reaction mixture.  
2. If you were to analyze the product by MS, how can you tell from the mass spectrum that the final product 

contains one nitrogen? If you were to analyze the product by NMR, how would you distinguish between the 
protons in the aromatic region?  
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SUPPLEMENT 9: ESTERIFICATION OF A CARBOXYLIC ACID WITH AN UNKNOWN ALCOHOL 
PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 

• Refluxing, pp.87-90 
• Column chromatography, sections 19.1-19.7, pp. 270-287 
• Microscale extraction, section 10.6, pp. 155-161 
• Preparing a drying tube, section 7.3, pp.90-92 
• Drying agents and solvent removal, chapter 11, pp.163-173 
• Interpreting IR spectra, sections 21.7, 21.8, and 21.9, pp. 325-339 

 
TOPICS AND TECHNIQUES 

• reaction mechanisms and reaction conditions 
• reaction work-up, product isolation, and purification 
• infrared spectroscopy 
• micro-boiling point determination of unknowns 

 
INTRODUCTION 
Esters, derivatives of carboxylic acids, are found in a variety of natural sources. Simple esters generally have 
pleasant odors and are the main components of many of the odors and flavors of fruits and flowers. Most 
odors and flavors are the result of a complex mixture, with one ester predominating. Because esters are easy 
to synthesize, flavor chemists often use esters, either one or several, to reproduce or enhance natural flavors. 
 
Although esters are often used as flavorings, they are rarely used as scents to be applied on the body 
because esters are not highly stable and can be hydrolyzed back to carboxylic acids and alcohols when 
exposed to perspiration. Because esterification is a reversible reaction, the addition of acid, water, and heat 
(perspiration) favors hydrolysis. Unfortunately, many simple carboxylic acids have a very unpleasant odor. For 
example, butyric acid (butanoic acid) is the main component responsible for the odor of rancid butter. Butyric 
acid is formed from hydrolysis of ethyl and methyl butyrate (butanoate), esters that smell like pineapple and 
apple. Some esters are also bioactive. Isoamyl acetate, which smells like bananas, is also an alarm 
pheromone released by honey bees when they sting an intruder. The pheromone attracts other bees 
and incites them to attack the intruder. For these reasons, fragrances are more often made from essential oils 
(phenols, aldehydes, alkenes, etc.). 
 
In this lab you will synthesize an ester from a carboxylic acid and an "unknown" alcohol using a Fischer 
esterification reaction. In a Fischer esterification reaction, a carboxylic acid is exposed to an alcohol and a 
strong acid catalyst that in turn yields an ester and water as the reaction products.  
 

 
 
It is important to note that this is a reversible reaction, so the acid and alcohol reactants and ester products 
are in equilibrium (implied by the double arrow). What this means is that once the reaction reaches 
equilibrium, there could be a large amount of starting material remaining, resulting in a poor yield of the ester. 
In order to resolve this problem, we make use of Le Chatelier's principle, which predicts that we can drive the 
equilibrium to the right (to the products) by having one of the reactants in excess (in effect, putting pressure on 
the left side). Usually, a threefold molar excess is enough to drive the equilibrium sufficiently to the right in an 
esterification reaction. Either the alcohol or the acid can be used in excess. The choice can be based on cost, 
availability and/or ease of purification at the end of the reaction. In this reaction we will add an excess of the 
acid. In addition, the presence or addition of water is a problem because water will shift the composition of the 
reaction mixture away from the product ester and back to the starting carboxylic acid; as a result, we use dry 
glassware. 

R OH

O
+ HO R'

H + H2O
R O

O
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Sulfuric acid (H2SO4) is used as a catalyst for this reaction in order to accelerate the rate at which the product 
is formed. Because a catalyst is not consumed during the course of a reaction, you need to use only a small 
amount of sulfuric acid in order for it to be effective. Heating is another way to increase the reaction rate. We 
will heat the reaction using a reflux apparatus (see figure below). Refluxing is a process where liquid (your 
reaction mixture) is heated to its boiling point, with a condenser attached, so that some of the liquid vaporizes, 
rises part-way up the condenser, and then condenses and falls back down into the reaction flask. This 
process allows the reaction to be heated over a period of time, without evaporating away the solvent or 
reactants. 
 
At the end of the reaction your product will need to be purified because it will be contaminated with unreacted 
acetic acid (which is unavoidable because it was added in excess). The reaction mixture will first be purified 
by extraction during the reaction work-up and isolation, and then the resulting liquid will be purified by column 
chromatography. 
 
You will identify your ester product by performing IR spectroscopy and possibly by noting its odor! Your 
possible alcohols and their product esters are listed below. Further, the characteristic odor of each is given. 
 

• n-propyl alcohol giving n-propyl acetate, odor of pear 
• isobutyl alcohol giving isobutyl acetate, odor of rum 
• isopentyl alcohol giving isopentyl acetate, odor of banana 
• n-octyl alcohol giving n-octyl acetate, odor of orange 
• benzyl alcohol giving benzyl acetate, odor of peach 

 
EXPERIMENTAL PROCEDURE 
Safety notes 

• Sulfuric acid is very corrosive. Do not allow it to come in contact with your skin or clothes. 
 
Synthesis 
Choose an "unknown" alcohol to use for the experiment and transfer 0.500 mL of this alcohol into a tared, dry 
5.0 mL conical vial. Record the mass of the alcohol and record the identity (A, B, C, etc.) of the alcohol in your 
notebook. Place a magnetic spin vane in the conical vial and add 1.5 mL of glacial acetic acid. Carefully add 
one drop of concentrated sulfuric acid to the conical vial. Connect a water condenser equipped with a calcium 
chloride drying tube to the conical vial. Connect the condenser to the water. (Which direction should the water 
be flowing through the condenser?) Place the vial inside a sand bath. Turn-on both stirring and heating and 
heat the sand to about 160-180 °C. Note: you should observe refluxing of the alcohol in the condenser. 
Heating the sand bath to 160-180 °C will assure you that the reaction contents in the vial will be brought to a 
state of reflux, which should be noticeable upon careful inspection of the condenser. 
 
Following a 1 hour reflux, very carefully remove it from the sand bath by clamping the conical vial 1.5 inches 
above the magnetic stir plate and allow the conical vial and contents to cool (you may want to use a room 
temperature water bath to cool your reaction vial and contents more quickly). 
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Figure 1. Microscale reflux with stirring under anhydrous conditions 

Product isolation 
When the conical vial and contents have approached room temperature, continue rigorous stirring and add 
1.5 mL of an aqueous 10% sodium carbonate solution to the reaction mixture. Make sure that the reaction 
contents have been mixed well. Following this, add 1.0 mL of Ethyl Acetate to the neutralized reaction mixture 
with thorough mixing, but do not shake too vigorously. Allow the aqueous and organic phases of the reaction 
contents to separate. (Which layer is the organic layer and which the aqueous layer? Which layer is your 
product in?) Carefully remove the aqueous layer from the reaction vial with a pipette. 
 
Wash the organic layer 2 more times with 1.5 mL of aqueous 10% sodium carbonate. The last aqueous 
sodium carbonate wash should be basic to litmus. If not, wash the organic layer an additional time or more 
until the aqueous layer is basic to litmus. (Why is the organic layer washed with additional 10% aqueous 
sodium carbonate?) Do not discard the aqueous washes until you have isolated and characterized your 
product. Dry the organic phase for 5 minutes over anhydrous sodium sulfate. 
 
Purification 
Obtain a 6-inch micro column and half fill it with silica gel and cover the silica gel with a small layer (2-3 mm) 
of sea sand. Tare a 10.0 mL round bottom flask and place it below the column to act as a receiver. Apply 3.0 
mL of Ethyl Acetate – Hexane (1:1) to the column and let it drain until the solvent just reached the top of the 
sand layer. Use a Pasteur pipette to add the crude product to the top of the column. Rinse the reaction vial 
twice with 0.5 mL portion of Ethyl Acetate – Hexane (1:1) and add the Ethyl Acetate – Hexane (1:1) rinse to 
the top of the column. Add an additional 5 mL of Ethyl Acetate – Hexane (1:1) to the column to ensure 
complete elution of the product.  
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Evaporate the solvent from your product by using a rotavapor. The ester is a viscous liquid, be careful not to 
evaporate the solvent to dryness.  You should have about 0.3 mL to 0.5 mL of liquid left once the solvent has 
been evaporated. Weigh the ester and obtain its IR spectrum. Label the main peaks on the spectrum and tape 
it in your notebook. Clean the microscale column and return all the parts (column, funnel, stopcock) into the 
appropriate drawer.  Refer to Table pages 8-9 for a complete list of required analysis for your product. 
 
 
Analysis 
Using the IR spectrum, match it to one of the IR spectra that are posted online for this experiment. Use the IR 
spectrum and possibly any odors you notice while handling your liquid to identify the ester you formed and the 
alcohol you must have used. Use that knowledge to calculate the theoretical yield for the reaction and the % 
yield obtained.  Check the Table on page 8 for all the required analysis of your product. 
 
QUESTIONS 
1. In this experiment we used both an acid catalyst and heat to increase the reaction rate. Briefly explain how 

each of these factors increases the reaction rate. Be specific, they each affect the rate in a different (yet 
related) way. 

2. How would each of the following shift the equilibrium in the esterification reaction? 
a. Remove H2O as it is formed 
b. Add more H2SO4 catalyst 

3. Why do we use an excess of the acid in this experiment? Give two reasons. (Hint: cost and availability are 
not factors because they are all relatively cheap and accessible.) 
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SUPPLEMENT 10: SYNTHESIS OF BIODIESEL FROM VEGETABLE OIL 
 

PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH E 
• Extraction, Chapter 10, pp.142-155 
• Centrifugation, section 9.5, p. 140 
• Interpreting IR spectra, sections 21.7, 21.8, and 21.9, pp. 325-339 
• Thin Layer Chromatography, sections 18.2, 18.3, 18.4,18.5 and 18.7, pp. 256-267 

 
INTRODUCTION 
The United States annually consumes approximately 138 billion gallons of gasoline and 60 billion gallons of 
diesel fuel, with our consumption growing every year. Diesel is mainly consumed for transportation, 
predominantly by trucks and trains. Invented in 1897 by Rudolf Diesel, the diesel engine historically was 
favored in high-horsepower applications, where its power and efficiency outweighed other issues with its 
performance, such as emissions produced. More recently, it has been widely adapted for use in automobiles, 
especially in Europe.  
 
Diesel-powered cars now offer an attractive alternative to their gasoline-powered analogs because they get 
higher mileage, thereby contributing less to global warming that results from the combustion of fossil fuels. 
However, finding sources of diesel fuel other than petroleum or other fossil fuels like coal are desirable for 
several reasons. First, net generation of CO2 from combustion of fossil fuels is inevitable, and most evidence 
points to a connection between increasing amounts of atmospheric CO2 and global warming. Second, 
petroleum reserves are finite and being depleted at a considerable rate. Finally, the cost of petroleum is very 
uncertain for geopolitical reasons.  
 
Biodiesel offers a promising alternative to petroleum. The term refers to a mixture of esters of fatty acids that 
can be generated from vegetable oils by transesterification. Indeed, although Diesel’s original engine was 
actually designed to use vegetable oil as its fuel, modern diesel engines function better with methyl or ethyl 
esters, which have a lower viscosity than vegetable oil. Used cooking oils are an especially attractive starting 
material for the transesterification and converting them to diesel fuel addresses two problems: obviating the 
need to dispose of some 3 billion gallons of the waste cooking oil produced by fast-food restaurants and 
other sources and providing a renewable source of fuel. Production of biodiesel on an industrial scale is also 
possible—although less desirable—from soy, canola, and other vegetable oils.  
  
GREEN CHEMISTRY 
Green chemistry is a general term for environmentally friendly chemical processes. Using biodiesel is a good 
example because its combustion doesn’t increase the net amount of CO2 in the atmosphere—the CO2 
released by combustion is exactly balanced by its consumption through photosynthetic and subsequent 
biological processes in the plants that produce vegetable oil. As with other biofuels such as ethanol, the 
complete picture is actually more complex because fossil fuels are consumed during production of the biofuel, 
thereby increasing the emission of CO2 in the environment. Yet the goal is to decrease the net production of 
atmospheric CO2. Moreover, generating biofuels from sources such as corn may compete with alternative 
uses for such materials, such as production of food.  
 
Nevertheless, biofuels appear to be a step in the right direction and obtaining biodiesel from waste oils is 
especially attractive. This reaction is catalyzed by NaOH, making this process economically viable for the 
industrial-scale production of biodiesel. In the future, biodiesel may also be made directly from lignocellulosic 
material (plant matter) as enzyme catalysts are being developed that can directly react with oils within the 
plant. Again, the key is developing catalysts that can be used in an industrial setting. 
 
Biodiesel is an excellent product as it is environmentally friendly. What is burned as fuel releases CO2, into the 
biosphere, which will subsequently be recaptured by growing plants. In effect, the biodiesel burned is reused 
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in the next generation of crops that produces biodiesel, closing the loop rather than adding to global warming. 
The biodiesel that is spilled is not hazardous either. It is easily broken down in the environment as it is simply 
a modified natural oil. 
 
THEORY AND DISCUSSION 
In this experiment, you will synthesize diesel fuel from a triester of glycerol, also known as a triacyl glycerol or 
triglyceride, in a reaction classified as a transesterification. Transesterification is the process of transforming 
one type of ester into another. This reaction incorporates the use of sodium methoxide, a strong base, in a 
base-catalyzed nucleophilic addition-elimination reaction at the carbonyl carbon atom of the triglyceride. 
The reaction is a two-step process. In the first step, NaOH reacts with methanol in an acid-base reaction to 
form sodium methoxide, a very strong base, and water. In the second, the sodium methoxide acts as a 
nucleophile and attacks a carbonyl carbon atom of the vegetable oil, forming a charged tetrahedral 
intermediate. In the final step, the methyl ester separates from the glycerol backbone, as shown in below. This 
process is known as “cracking.” The elimination of the glycerol backbone ultimately leads to the formation of 
the three moles of methyl esters—the biodiesel—and one mole of glycerol. As shown below, the NaOH is re-
formed as a product in the reaction, making the overall conversion catalytic in nature. If the biodiesel is 
removed from the mixture, glycerol and unreacted NaOH and methanol remain. Glycerine, the byproduct of 
the reaction, can be used as an additive to make glycerin soap.  
 

 
 
EXPERIMENTAL PROCEDURE 
NOTE: The following procedure is for synthesizing a biodiesel mini-batch from 100% pure unused vegetable 
oil. This method can easily be modified for using recycled, used vegetable oil. Recycled vegetable oil must 
first be analyzed for free fatty acid so that a pH correction can be made before following this procedure. 
  
1. Before you start this experiment, cover your work area with paper towels to absorb any oil that might spill. 
2. Add 4.0 mL of anhydrous methanol to a 125-mL Erlenmeyer flask containing a magnetic stirring bar (not a 

spinvane).  
3. Weigh one pellet of NaOH and add it to the methanol. Stir the mixture gently for 5–15 min. Note: NaOH 

and sodium methoxide solutions are both very basic and should be handled with care.  
4. With stirring, add 10 mL of vegetable oil to the methanolic solution. Gently warm the mixture to 40 °C using 

continuous stirring that is sufficiently rapid so that separation into layers does not occur. Maintain the 
temperature at 40 °C and stir the mixture for 20–30 min. You may store the reaction mixture in a capped 
vessel until the next laboratory period if necessary. 
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5. Transfer the contents of the flask into 2 centrifuge tubes and allow the reaction mixture to stand until it 
separates into layers and is just warm to the touch. 

6. Centrifuge the mixture and remove the biodiesel layer (upper layer) from the centrifuge tubes with a 
Pasteur pipet and record its weight. If the biodiesel layer is cloudy, repeat the centrifugation until you obtain 
a clear layer. Or nearly so. 

7. Obtain an IR spectrum of your biodiesel product. Label the main peaks on the IR spectrum and tape the 
spectrum in your notebook. 

8.  Analyze your product by TLC, using a 7:1 mixture of hexane:ethyl acetate as the eluent. Do not spot the 
biodiesel directly on the TLC plate, make a solution of it in acetone by dissolving 4-5 drops in about 0.5 mL 
of acetone. 

9. If you used vegetable oil, you can demonstrate that reaction has occurred by comparing the viscosity of 
your product and the starting material. Hold two Pasteur pipets side-by-side and draw marks near the top 
and near the bottom of both, using a Sharpie, marking off equal volumes in each pipet. Add vegetable oil to 
one and your biodiesel product to the other and then measure the amount of time required to drain from 
one mark to the other. The amount of time is inversely proportional to the viscosity, i.e., the higher the 
viscosity, the slower the material drains. 

Analysis 
Analyze for other products, except use TLC rather than GC to assess purity. For calculating theoretical and 
actual yields, assume that the density of the vegetable oil is 0.94 g/mL, its molecular weight is 872 g/mol, and 
that most fatty acids are C18 (n = 16 in the general formula, CH3(CH2)nCO2H, for such acids), so the molecular 
weight of their methyl esters is about 270 g/mol. Corn and soybean oils are primarily C18 and contain one or 
two carbon-carbon p-bonds, a factor you may ignore for purposes of calculating the yield. Refer to Table pages 
8-9 for a complete list of required analysis for your product. 
 
QUESTIONS 
1. Write the balanced equation for the overall transformation of a triglyceride to methyl esters of a fatty acid 

and glycerol. 
2. Why is only a catalytic amount of sodium hydroxide needed for this reaction? 
3. Using curved arrows to symbolize the flow of electrons, write a mechanism for the transesterification shown 

below. 

 
4. Because the biodiesel obtained in this experiment is likely to be far from pure, we don’t recommend you’re 

putting it into a diesel-powered car. However, the glycerol layer is a mixture of hazardous wastes. How 
would you treat this layer to recover pure methanol and glycerol and convert the hazardous material in it, 
primarily NaOH and alkoxides, to a less dangerous form for disposal? 

 
  

O
1. NaOCH3 OH +

O
CH2CH3

CH3CH2COCH3

O

2. Neutralize
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GROUP 4: DYES 
SUPPLEMENT 11: SYNTHESIS OF METHYL ORANGE 

 
PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 

• Microscale recrystallization and vacuum filtration, section 15.6, pp. 231-232 
• Interpreting IR spectra, sections 21.7, 21.8, and 21.9, pp. 325-339 

 
In this experiment, methyl orange, an azo dye, is prepared by a diazo coupling reaction between N,N-
dimethylaniline and the diazonium salt prepared from sulfanilic acid and nitrous acid (HNO2). The first product 
obtained from the coupling is the bright red acid form of methyl orange, called helianthin. In base, helianthin is 
converted to the orange sodium salt, which is called methyl orange. The dye is then used to color a swatch of 
multi-fabric fiber. Scheme 1 shows the reaction to form the diazonium salt, and Scheme 2 shows its coupling 
to form helianthin and then methyl orange. 
 

 
Scheme 1. Diazotization of sulfanilic acid. 

 

 
 
Scheme 2. Synthesis of methyl orange from the diazonium salt. 

 
EXPERIMENTAL PROCEDURE 
Safety notes 

• N,N-dimethylaniline is toxic: avoid any direct contact and avoid breathing vapors. 
• Sodium hydroxide solutions are caustic. Avoid contact with skin and clothing. 
• HCl is corrosive. Avoid contact with skin and clothing. 
• H2SO4 is corrosive. Avoid contact with skin and clothing. 
• Sodium dithionite solutions have an unpleasant smell. Keep them in the hood. 

 
Diazotization of Sulfanilic Acid 
1. Dissolve about 60 mg of anhydrous sodium carbonate in 5 mL of water in a 25-mL Erlenmeyer flask; be 

sure to note the exact quantity of Na2CO3 in your laboratory notebook. 
2. Add about 200 mg of sulfanilic acid monohydrate and heat the mixture gently on a low setting on the hot 

plate until it dissolves. Be sure to note the exact quantity of sulfanailic acid in your laboratory notebook. 
3. Cool the mixture to room temperature, add 80 mg of sodium nitrite, and stir the mixture until it is completely 

dissolved. 
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4. Cool the solution in an ice-water bath with frequent swirling for 5-10 minutes until the temperature is below 
10 ˚C. 

5. When the solution is completely cooled, add 0.25 mL of conc. HCl (12 M) to the flask. 
6. The diazonium salt of sulfanilic acid should separate as a finely divided white precipitate. Keep this 

suspension in an ice bath until it is to be used. A precipitate may not form, but the reaction may be 
continued with no adverse effects. 

Coupling of Diazotized Sulfanilic Acid with Dimethylaniline 
1. Combine about 0.14 mL of N,N-dimethylaniline and 0.10 mL of glacial acetic acid in a 3-mL conical vial. Be 

sure to note the exact quantity of dimethylaniline in your laboratory notebook. 
2. Using a Pasteur pipet, add this solution to the cooled suspension of diazotized sulfanilic acid (synthesized 

in the first section) in the 25-mL Erlenmeyer flask. Stir the mixture vigorously with a stirring rod or spatula. 
Within a few minutes a red precipitate of helianthin should form. 

3. Keep this mixture cold for about 10 min in an ice-water bath. Next, add 1.5 mL of 10% aqueous NaOH. Do 
this slowly, with stirring, while you continue to cool the mixture on the ice bath. 

4. Using a glass rod, transfer a drop of the supernatant liquid to a strip of litmus or pH paper to determine 
whether this solution is basic. If the solution is not basic, add more NaOH solution and check it again. 

5. Heat the basic solution to boiling for 10–15 min to dissolve most of the newly formed methyl orange. Note 
that it may not be possible to dissolve it all. 

6. When most of the methyl orange has dissolved, add 0.5 g of NaCl, and allow the mixture to cool slowly. 
When the solution reaches room temperature, place the flask in an ice-water bath to complete the 
crystallization. 

7. Collect the product by vacuum filtration using a Hirsch funnel. 
8. Rinse the Erlenmeyer flask with two ice-cold portions of saturated aqueous NaCl solution and wash the 

filter cake with the rinse solutions. 
9. To further purify the product, transfer the filter cake and paper to a 50-mL beaker containing about 15 mL 

of boiling water. Maintain the solution at a gentle boil for a few minutes, stirring constantly with a glass 
stirring rod or spatula. Not all the dye will dissolve, but the salts that contaminate it will. 

10. Remove the filter paper and allow the solution to cool to room temperature. Cool the mixture in an ice bath. 
11. When it is cold, collect the product by vacuum filtration, using a Hirsch funnel. Rinse it with 2-3 mL of cold 

water. 
Thoroughly dry the product by placing it under a heat lamp or storing it in your desk until the next laboratory 
period. Then weigh it. Because salts have very high or ill-defined melting points, the melting point 
determination should not be attempted. Save a sample of Methyl Orange for an IR spectrum prior to doing the 
dyeing of fabric. Label the main peaks on the spectrum and tape it in your notebook. Refer to Table pages 8-9 
for a complete list of required analysis for your product. 
 
Dyeing fabric with methyl orange 
1. Obtain a patch of Multifiber Fabric 10A from the materials for this laboratory. This cloth contains alternate 

bands of acetate rayon, cotton, nylon, polyester, acrylic, and woven wool. 
2. Add 1 mL of a 15% aqueous sodium sulfate solution and then one drop of conc. H2SO4 to 30 mL of water 

in a 50 mL beaker. 
3. Add 0.05 g of methyl orange and heat until just below the boiling point of the water. 
4. Immerse the fabric in the bath for 5-10 minutes. Remove the fabric, rinse it well with water, and note the 

results. 
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5. Make the dye bath basic by adding sodium carbonate. Then add some sodium dithionite (sodium hydrogen 
sulfite, Na2S2O4) until the color of the bath is discharged (free from a dye, i.e. colorless). Add a slight 
excess of the dithionite. Make sure you use the correct bottle of sodium dithionite, the one for the Methyl 
Orange lab. 

6. Roll up your fabric and place just the tip of the dyed fabric in the bath for a few minutes. Note the results 
and tape or staple the dried fabric into your notebook. 

 
 
QUESTIONS 
1. Write the balanced equation for the reaction that occurs when sodium carbonate is added to sulfanilic acid 

monohydrate. 
2. Why is conc. HCl added to the mixture of sulfanilic acid and sodium nitrite? 
3. The nitrogen atoms of the azo group of methyl orange are more basic than that of the dimethylamino 

group. Explain why this is so. Hint: Consider the orbitals in which the non-bonding electrons on the two 
different types of nitrogen atoms are contained. 
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SUPPLEMENT 12: SYNTHESIS OF INDIGO  
 

PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 
• Microscale recrystallization and vacuum filtration, section 15.6, pp. 231-232 
• Interpreting IR spectra, sections 21.7, 21.8, and 21.9, pp. 325-339 

 
INTRODUCTION 
The Madder plant, the primary source of natural indigo, has been cultivated throughout history. For example, 
the clothes found on Egyptian mummies were dyed with indigo. In more modern terms, indigo is what is used 
to dye blue jeans blue. 
 
The original method of preparing indigo involved the fermentation of the stems and leaves of the madder 
plant. The liquid that was produced was then air oxidized to produce indigo. The development of cheaper 
chemical syntheses of indigo has virtually eliminated the cultivation of madder plants, and in many countries 
where it was widely grown, this plant is now a curiosity.  
 
Many methods have been developed for the synthesis of indigo. This experiment will illustrate one of the 
simplest, the so-called Baeyer-Drewson preparation of the dye. In the reaction, o-nitrobenzaldehyde and 
acetone react in the presence of base to produce indigo in one step according to the reaction below. Although 
seemingly straightforward, the reaction is quite complex and involves an aldol condensation, a dehydration, 
and a disproportionation reaction. 
 

 
 
You will use the indigo that you produce to dye a piece of fabric using the vat process. Indigo is not water 
soluble and cannot be introduced into fabrics by simply immersing them in an aqueous solution of the dye. In 
order to introduce indigo into fabric a process called vat dyeing must be utilized. With this technique, the 
insoluble indigo is reduced to the water-soluble leucoindigo compound into which the cotton cloth is dipped. 
Air-oxidation re-forms the insoluble indigo and colors the cloth blue. The process is shown below. 
 

 
 
EXPERIMENTAL PROCEDURE 
Safety notes 

• o-Nitrobenzaldehyde is a mutagen; handle with care. 
• Sodium hydroxide solutions are caustic. Avoid contact with skin and clothing. 
• Indigo is a bright blue dye that stains easily; handle with care. 
• Ether and ethyl alcohol are both flammable. Use them in a hood. No flames! 
• Sodium dithionite solutions have an unpleasant smell. Keep them in the hood. 
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Synthesis 
1. Place 5 mL of acetone in a 25-mL Erlenmeyer flask. 
2. Add about 0.35 mmol of o-nitrobenzaldehyde (recording the exact amount in your notebook) and swirl the 

flask until the solid has completely dissolved. Add 5 mL of water to the reaction mixture. The o-
nitrobenzaldehyde may separate as an oil. 

3. Add 2.5 mL of 1 M sodium hydroxide dropwise with constant swirling.  
4. After the exothermic reaction has subsided, allow the reaction mixture to stand for 5 min; note: the 

exotherm can be quite strong. At the end of this time, collect the product by vacuum filtration using a Hirsch 
funnel. 

5. Wash the precipitate successively with 10 mL of water, 10 mL of absolute ethyl alcohol (Ethanol), and 
finally 10 mL of Ethyl Ether. Allow the material to air-dry for 10 min. 

6. Weigh the product, calculate the percentage yield (pay attention to the stoichiometry of the reaction!), and 
obtain its IR spectrum.  Label the main peaks on the spectrum and tape it in your notebook, do not attempt 
to determine the melting point of indigo. Refer to Table pages 8-9 for a complete list of required analysis for 
your product. 

Vat dyeing with indigo 
1. Fill a 250 mL beaker with 100 mL of water and obtain/prepare your fabric for dyeing. 
2. Place all the indigo you made in 10 mL of water in a 25-mL Erlenmeyer flask and add a boiling stone. 
3. With the aid of a spatula, add three pellets of sodium hydroxide to the indigo mixture and allow them to 

dissolve. 
4. Heat the solution to boiling using a hot plate. 
5. Remove the flask from the hot plate and add 0.2 g of sodium dithionite (also called sodium hydrosulfite) to 

the mixture. Reheat the solution to boiling. Add additional dithionite to the reaction mixture until the indigo 
has dissolved and a clear yellowish solution has been produced. Make sure you use the correct bottle of 
sodium dithionite, the one for the Indigo lab. 

6. Working quickly so that the leucoindigo does not reoxidize into indigo, pour the reaction mixture into the 
250-mL beaker containing 100 mL of water. Using a heavy glass rod, work the cotton into the vat dye until 
it is completely saturated with the leucoindigo solution. Note: do not use your fingers! 

7. Remove the cotton cloth and allow it to air-dry for a few minutes. Do not wring out the cloth. 
8. Thoroughly wash the cotton cloth with cold water over an empty beaker until the washings are no longer 

blue. 
9. Keep the cloth in your locker until the next lab period so that the fabric can thoroughly dry 
10. Tape or staple the dried fabric into your notebook. 

 
QUESTIONS 
1. What is the purpose of sequentially washing the precipitated indigo with water, ethanol, and ethyl ether? 

(Hint: It is not to remove organic impurities.) 
2. What reaction is taking place when sodium dithionite is added to the solution of indigo, and why does the 

indigo dissolve as a result of this addition? 
3. Why are you instructed not to determine the melting point of indigo? 
4. How is the dye retained in the fabric? 
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GROUP 5: SYNTHESIS REACTIONS 
SUPPLEMENT 13: SYNTHESIS OF ACETAMINOPHEN  

 
 
 

PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 
• Microscale recrystallization and vacuum filtration, section 15.6, pp. 231-234 
• Melting point, sections 14.1 to 14.3, pp. 212-217 
• Thin Layer Chromatography, Chapter 18, pp.255-269 
• Interpreting IR spectra, sections 21.7, 21.8, and 21.9, pp. 325-339 

 
Acetaminophen (paracetamol) has an analgesic and fever-reducing medicine similar in effect to aspirin. 
It is an active ingredient in many over-the-counter medicines, including Tylenol and Midol. Introduced in 
the early 1900s, acetaminophen is a coal tar derivative that acts by interfering with the synthesis of 
prostaglandins and other substances necessary for the transmission of pain impulses.  
Although its action is similar to that of aspirin, it lacks aspirin’s anti-inflammatory and blood-thinning 
effects, is less irritating to the stomach, and can be used by people who are allergic to aspirin. Heavy 
use, however, has been linked to an increased incidence of liver failure, especially in heavy drinkers of 
alcoholic beverages and in those who are not eating enough, and overdose, especially in children, can 
be fatal.  
 
Preparation of acetaminophen involves treating an amine with an acid anhydride to form an amide. In 
this case, p-aminophenol, the amine, is treated with acetic anhydride to form acetaminophen (4-
acetamidophenol), the amide. 
 

 
 
The crude solid acetaminophen contains dark impurities carried along the p-aminophenol starting material. 
These impurities, which are dyes of unknown structure, are formed from oxidation of the starting phenol. 
While the amount of the dye impurity is small, it is intense enough to impart color to the crude acetaminophen. 
Most of the colored impurity is destroyed by heating the crude product with sodium dithionite (sodium 
hydrosulfite Na2S2O3). The dithionite reduces double bonds in the colored dye to produce colorless 
substances. The decolorized acetaminophen is collected on a Hirsch funnel. It is further purified by a 
microscale crystallization. 
 
EXPERIMENTAL PROCEDURE 
Safety notes 

• Acetic anhydride can cause irritation of tissue, especially in nasal passages. Avoid breathing the vapor 
and avoid contact with skin and eyes. p-Aminophenol is a skin irritant and is toxic. 
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Synthesis 
Weigh about 5.2 mmol of p-aminophenol (MW = 109.1) and place this in a 5-mL conical vial. Using an 
automatic pipet add 1.8 mL of water and 6.8 mmol (1.3 equiv) of acetic anhydride (MW= 102.1, d = 1.08 
g/mL). Acetic anhydride is usually stored in hood #1. Place a spin vane in the conical vial and attach an air 
condenser to the vial. 
 
Heat the reaction mixture in a sand bath at about 115°C and stir gently. The conical vial should be partially 
buried in the sand so that the vial is nearly at the bottom of the sand bath. After the solid has dissolved (it may 
dissolve, precipitate, and re-dissolve), heat the mixture for an additional 10 minutes to complete the reaction. 
 
Remove the vial from the heat and allow it to cool. When the vial has cooled to the touch, detach the air 
condenser, and remove the spin vane with clean forceps or a magnet. Rinse the spin vane with two or three 
drops of warm water, allowing the water to drop into the conical vial. Place the conical vial in a small beaker 
and allow it to cool to room temperature. If crystallization has not occurred, scratch the inside of the vial with a 
glass stirring rod to initiate crystallization and cool the reaction mixture thoroughly by placing the conical vial in 
an ice bath for 15-20 minutes to complete the crystallization.  Collect the crystals by vacuum filtration on a 
Hirsch funnel. Rinse the vial with about 1.0 mL of ice water and transfer this mixture to the Hirsch funnel. 
Wash the crystals on the funnel with two additional 0.5-mL portions of ice water. Dry the crystals for 5-10 
minutes by allowing air to be drawn through them while they remain on the Hirsch funnel. Transfer the product 
to a small beaker and allow the crystals to air dry for 10 min. Weigh the crude product and set aside a small 
sample for a melting point determination and a color comparison after the next step. In case your product is 
already white you can skip the decolorization step and just do the recrystallization of your product. 
 
Decolorization of Crude Acetaminophen 
Dissolve 0.4 g of sodium dithionite (sodium hydrosulfite, Na2S2O3) in 3.0 mL of water in a 5-mL conical vial. 
Add your crude acetaminophen to the vial. Heat the mixture to boiling for 15 minutes, with occasional stirring 
with a micro-spatula. Some of the acetaminophen will dissolve during the decolorization process: Cool the 
mixture thoroughly in an ice bath for about 10 minutes to re-precipitate the decolorized acetaminophen 
(scratch the inside of the vial with a glass rod, if necessary, to induce crystallization). Collect the purified 
material by vacuum filtration on a Hirsch funnel using small portions (about 0.5 mL total) of ice water to aid the 
transfer. Dry the crystals for 5-10 minutes by allowing air to be drawn through them while they remain on the 
Hirsch funnel. You may go on to the next step before the material is totally dry. Weigh the decolorized 
acetaminophen and compare the color of the decolorized material to that obtained above. 
 
Recrystallization of Acetaminophen 
Place the decolorized acetaminophen (or crude acetaminophen) in a small Erlenmeyer flask. Recrystallize the 
material from a solvent mixture composed of 50% water and 50% methanol by volume. The solubility of 
acetaminophen in this hot (nearly boiling) solvent is about 0.2 g/mL. Although you can use this as a rough 
indication of how much solvent is required to dissolve the solid, you should still use the technique to determine 
how much solvent to add. Add small portions (several drops) of hot solvent until the solid dissolves. When the 
solid has dissolved, allow the solution to cool. When the mixture has cooled to room temperature, place the 
Erlenmeyer flask in an ice-water bath for several minutes. If necessary, induce crystallization by gently 
scratching the inside of the flask with a glass rod. Because acetaminophen may crystallize slowly from the 
solvent, continue to cool the flask in an ice bath for at least 10 minutes Collect the purified material by vacuum 
filtration on a Hirsch funnel using small portions (about 0.5 mL total) of ice water to aid the transfer. Dry the 
crystals for 5-10 minutes by allowing air to be drawn through them while they remain on the Hirsch funnel. 
Collect the crystals in a small beaker. Set the crystals aside to air-dry.  
 
Yield Calculation and Melting Point Determination 
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Weigh the recrystallized acetaminophen (MW = 151.2 g/mol) and calculate the percentage yield. Determine 
the melting point of the product. Compare the melting point of the final product with that of the crude 
acetaminophen. Also compare the colors of the crude, decolorized, and pure acetaminophen. Pure 
acetaminophen melts at 169.5 -171°C.  
 
TLC and IR Analysis: 
 
Perform a TLC to check the purity of your product and analyze a sample by IR spectroscopy. Label the main 
peaks on the spectrum and tape it in your notebook. Refer to Table pages 8-9 for a complete list of required 
analysis for your product. 
 
 
QUESTIONS 
1. During the crystallization of acetaminophen, why was the mixture cooled in an ice bath? 
2. In the reaction between p-aminophenol and acetic anhydride to form acetaminophen, 1.8 mL of water was 

added. What was the purpose of the water? 
3. Why should you use a minimum amount of water to rinse the conical vial while transferring the purified 

acetaminophen to the Hirsch funnel? 
4. If 0.130 g of p-aminophenol is allowed to react with excess acetic anhydride, what is the theoretical yield of 

acetaminophen in moles? in grams? 
5. Give two reasons why the crude product in most reactions is not pure. 
6. Phenacetin has the structure shown below. Write an equation for its preparation starting from 4-

ethoxyaniline. 
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SUPPLEMENT 14: SYNTHESIS OF N,N-DIETHYLTOLUAMIDE (DEET) 
 

PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 
• Refluxing, pp.87-90 
• Column chromatography, sections 19.1-19.7, pp. 270-287 
• Microscale extraction, section 10.6, pp. 155-161 
• Simple distillation, pp.179-183 
• Interpreting IR spectra, sections 21.7, 21.8, and 21.9, pp. 325-339 
•  

BACKGROUND AND METHODOLOGY 
Amides, including the one found in DEET, are usually prepared by treating a carboxylic acid derivative with 
ammonia or with a primary or secondary amine. Acid anhydrides or esters are sometimes used as the acid 
derivative, but acid chlorides are the most useful for preparing the widest variety of amides. Because of the 
high reactivity of acid chlorides, the reactions are usually rapid and exothermic. 

     
 

The acid chlorides used for preparing amides are generally themselves prepared from the corresponding 
carboxylic acids. Several reagents are commonly used for this reaction; each has certain advantages and 
disadvantages. Thionyl chloride (SOCl2) has the great advantage that all of the inorganic reaction products 
(HCl and SO2) are gases and can be easily removed from the acid chloride, which is often used for further 
reactions without isolation. In this experiment, you will first prepare m-toluoyl chloride by treating m-toluic acid 
with excess thionyl chloride. The reaction likely goes through a very reactive mixed anhydride intermediate 
(shown below). Because both of the by-products are gases and readily removed, the acid chloride is most 
often used without further isolation or purification. 
 

 
After you prepare the acid chloride, you’ll react it directly with excess diethylamine to form DEET. The reaction 
of the acid chloride with an amine to form an amide produces an equivalent of HCl (see the first reaction 
scheme). So, it is necessary to use at least two equivalents of the amine reactant: one equivalent of the 
amine will react to form the amide, and the other will undergo an acid-base reaction with HCl to form the 
corresponding ammonium salt.  
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After the product is isolated by extraction with ethyl ether, it can be purified by column chromatography. By 
comparing the IR spectrum of the product with those of the starting materials, one can see evidence for the 
functional group conversions that have taken place. 
 
EXPERIMENTAL PROCEDURE 
Safety notes 

• Thionyl chloride and m-toluoyl chloride are both corrosive and lachrymators. They can cause severe 
damage to the eyes, skin, and the respiratory system. Thionyl chloride decomposes violently on contact 
with water to produce corrosive, poisonous gases (HCl and SO2). Wear gloves, and work under a hood; 
avoid contact with thionyl chloride and the reaction mixture, keep them away from water, and do not 
breathe their vapors. 

• Ethyl Ether is very volatile and extremely flammable. Ethyl Ether must be kept away from ignition 
sources. Ethyl Ether containers must be capped when not in use, and open containers of Ethyl Ether 
must be kept in the hood. 

• Diethylamine is corrosive and has toxic vapors. In the reaction mixture, Diethylamine hydrochloride 
forms, which irritates the skin, eyes, and respiratory tract. Avoid contact and inhalation.  

 
A. Preparation of m-Toluoyl Chloride 
NOTE: All glassware must be thoroughly dried for this procedure (in oven for at least 0.5 h).  
 
Add 1.5 mmol of m-toluic acid (MW = 136.2 g/mol) and a stir bar to a 5-mL conical vial. To the top of the vial, 
connect a Claisen adapter. To the side arm, attach a water-cooled condenser, and leave the straight arm 
open for now. Attach a gas trap to the top of the condenser by affixing the drying tube packed with cotton that 
has been moistened with NaOH solution. Be careful not to let liquid drip down into the condenser, see Figure 
1.  With the stirring turned on, add 2.8 mmol of thionyl chloride (MW = 118.97 g/mol, d = 1.638 g/mL) into the 
vial, then cap the straight arm with a septum. Heat the reaction mixture at reflux for 15 minutes (boiling point 
of thionly chloride is 75 oC), until the evolution of gases stops. With continued stirring, cool the reaction 
mixture to room temperature. During the reflux time or while the reaction cools, prepare the amine solution 
(below). Once the acid chloride solution is cool, add 1 mL of ethyl acetate with a Pasteur pipet after removing 
the cap with the septum for just a few seconds. 
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 Figure 1. Microscale reflux with stirring under anhydrous conditions using Claisen adapter 
 
B. Preparation of N,N-Diethyl-m-toluamide 
Prepare a solution of 4.8 mmol diethylamine (MW = 73.14 g/mol, d = 0.71 g/mL) in 2 mL of ethyl acetate in an 
oven-dry screw-cap vial. Cap the vial tightly and place it in an ice-water bath for at least 5 minutes before use 
in the reaction.  
 
Add slowly the cold amine solution dropwise via a Pasteur pipet to the stirred solution of acid chloride. Stir for 
another 15 minutes at room temperature.  
 
Separation 
Remove the septum from the apparatus and add 1.5 mL of 2.5 M NaOH to the reaction mixture. Stir for 15 
minutes. Remove the lower aqueous layer with a pipette, then wash the organic layer first with 1.5 mL cold 3 M 
HCl and then with 1.5 mL cold water. Transfer the organic layer (top layer) to a dry centrifuge tube and dry the 
solution by adding 2 microspatula full of sodium sulfate to the centrifuge tube.  Swirl the mixture and let it sit for 
5 minutes. bath and by swirling the solution gently until most of the ethyl acetate evaporated.  Determine the 
mass of your crude DEET. 
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Purification and Analysis 
Purify the crude product by column chromatography. Construct a small chromatography column by filling a 6-
inch micro column with 5 cm of alumina, and 2-3 mm of sea sand sequentially. Clamp the column in place and 
tap the column gently to pack down the adsorbent (alumina). Plan to collect five or more fractions from it in test 
tubes, isolating about 1 mL of eluate in each. Elute your product using heptane or hexane. Use TLC to 
determine which eluted fractions contain your product. Transfer all of the fractions that contain your product to 
a round-bottom flask and remove the solvent by simple distillation. The pure DEET should be a colorless liquid. 
Weigh the product and record its IR spectrum. Label the main peaks on the spectrum and tape it in your 
notebook.  Print the NMR spectra on line, interpret them and tape them in your notebook. Refer to Table pages 
8-9 for a complete list of required analysis for your product. 
 
 
 
QUESTIONS 
1. Write an equation that describes the reaction of thionyl chloride with water. 
2. Write the reaction that would take place if the acid chloride of m-toluic acid were mixed with water. 
3. Why is the final reaction mixture extracted with 5% sodium hydroxide? 
4. Write a mechanism for each step in the preparation of N,N-diethyl-m-toluamide. 
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SUPPLEMENT 15: FORMATION AND STEREOCHEMISTRY OF A DIOL  
 

PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 
• Refluxing, pp.87-90 
• Microscale extraction, section 10.6, pp. 155-161 
• Microscale recrystallization and vacuum filtration, section 15.6, pp. 231-234 
• Melting point, sections 14.1 to 14.3, pp. 212-217 
• Interpreting IR spectra, sections 21.7, 21.8, and 21.9, pp. 325-339 

 
Aldehydes and ketones undergo facile reduction to the corresponding alcohols upon treatment with sodium 
borohydride (NaBH4):1 

 
 
The reaction is generally uncomplicated by side reactions with other functional groups (-CO2H, -CO2R, -OH, 
C=C) that may be present, resulting in high yields of the alcohol. The reductions are normally carried out in 
protic solvents such as methanol, ethanol, and water, which assist the addition of hydride to the carbonyl 
carbon atom through hydrogen-bonding. Importantly, the rate of decomposition of the borohydride by these 
protic solvents normally is less than the rate at which reduction proceeds. 
 
The stereochemical outcome of the reaction merits analysis. Reduction of butanone introduces a chiral center 
and, as expected, the product is found to be a racemic mixture (equal amounts of (R)- and (S)-2-butanol). 
 

 
 
Let’s now consider a more complicated system. If (3R)-3-methyl-2-pentanone were converted to the alcohol 
by sodium borohydride reduction, unequal amounts of (2R,3R)-3-methyl-2-pentanol and (2S,3R)-3-methyl-2-
pentanol would result, assuming that no change occurred at the chiral center (C-3) during the reaction. 
 

  
 2R, 3R  2S, 3R 
 
The alcohols in this case are diastereomers and should be separable by one of the standard separation 
techniques, most of which we learned last term (distillation, recrystallization, column, gas or liquid 
chromatography). 
 
If a racemic mixture of 3-methyl-2-pentanone were used as starting material, the 2R,3R and 2S,3R 
diastereomers are again produced in unequal amounts. Their enantiomers, namely, 2S,3S and 2R,3S, are 
also produced and in amounts equal to the amount of each diastereomer formed. Thus, if the ratio of 
2R,3R:2S,3R is, say, 60:40, than the ratio of 2S,3S:2R,3S will also be 60:40. This means that although the 
diastereomers are easily separable as before, the purified compounds obtained would actually be a racemic 
mixture. In effect, you would have 2R,3R and the 2S,3S compounds in one flask and the 2S,3R and the 
2R,3S compounds in the other.  
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One might think that this would complicate the spectral analysis of these compounds, but you may recall that 
enantiomers have identical physical properties except for their interaction with plane-polarized light and with 
other chiral molecules. Therefore, the spectra (IR, 1H NMR, 13C NMR, etc.) for the 2R,3R compound will be 
identical to those of its 2S,3S-enantiomer, and the same would apply to the 2S,3R and 2R,3S-enantiomeric 
pair. Although for the analysis of spectral data we can disregard the fact that we have a racemic mixture of 
products, it is important to recognize that a reaction produces either enantiomerically pure material or racemic 
mixtures and these principles will assist us in the analysis of our products from benzoin reduction.  
 

 
 
EXPERIMENTAL DESIGN 
The first reaction involves the sodium borohydride reduction of benzoin, an a-hydroxy ketone:2  

 
 1 2 3 

Benzoin    1, 2-Diphenyl-1, 2-ethanediol 
  MW 212.3, mp 137 °C    MW 214.3 
 
Again, the above scheme does not provide the complete description of the products. The benzoin used in this 
reaction is a racemic mixture, hence the ethanediol product mixture will contain a racemic mixture 2a and 2b 
(RR and SS) and 3, the meso form (RS) because of the symmetry in the products.  
 

 
 
Since the racemic mixture and the meso compound are diastereomeric, they should be produced in unequal 
amounts. This is not surprising, since we expect the chiral center in the molecule to affect the production of 
the new chiral center. Melting points are known for both isomeric diol products, with one isomer having a 
melting point of 137–138 °C and the other a melting point of 144.5–146.5 °C. From the melting point of the 
product prepared, we could potentially determine that a single isomer was made, or a mixture of isomers, but 
we could not determine which isomer, 2a,b or the meso compound 3, is the major product from this reaction. 
In fact, the ratio of benzoin reduction products (2a,b vs. 3) is so unequal that only one of the isomers is 
present after product isolation.3 
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To determine which isomer this is, we will use a protecting group called an acetal and examine the 1H and 13C 
NMR spectral data we obtain of the acetal product. The stereochemical assignment may be accomplished by 
one simple transformation. When 1, 2-dihydroxy compounds (or 1,2-diols) are treated with acetone in the 
presence of a Lewis acid catalyst, the diol is converted to a cyclic derivative, commonly known as an acetal 
(or an acetonide) as shown below.3  

 
 
The catalysts most often used are acids such as p-toluenesulfonic acid or sulfuric acid, but CuSO4, FeCl3,4 or 
a number of other Lewis acids may be used as well. The result of the reaction is formation of a five-membered 
ring involving the loss of a mole of water from the reactants. The five-membered ring is not quite planar (last 
term we learned that five-membered rings can adopt chair-like conformations), but it is close enough to 
assume planarity for our analysis of the NMR spectral data. 
 
Using this assumption, we can examine the acetal products of 2a,b and the meso compound 3, which are 
compounds 4a,b and 5, respectively, as shown below. As explained above, enantiomers 4a and 4b have 
identical 1H NMR and 13C NMR spectra, but 4 and 5 should provide very different spectra, given the 
differences in stereochemistry.3  
 

 
 
In examining the structures, is it clear that the phenyl substituents on the acetal ring are trans in 4 and cis in 5. 
How this stereochemical difference will affect the spectra can be determined by predicting the number of 
magnetically unique hydrogen atoms for both 4 and 5 and comparing those predictions to the actual 1H NMR 
spectrum of the compound you produced. Similarly, the expected number of unique carbon atoms can be 
determined for 4 and 5 and compared to the spectral data of the isolated product to determine which isomeric 
acetal has been formed and therefore which diol is the major product from the reduction of benzoin.  

 
EXPERIMENTAL PROCEDURE 
Sodium Borohydride Reduction of Benzoin 
Weigh 9.4 mmol of benzoin (MW = 212.2 g/mol) and add to a dry 125-mL Erlenmeyer flask containing a 
stirring bar. Add 10 mL of absolute ethanol, clamp the flask on a magnetic stirrer and start stirring at a slow 
rate.  
 
Weigh 5.3 mmol (0.56 equiv) of sodium borohydride (MW = 37.8) in a vial or small beaker. Sodium 
borohydride is rapidly decomposed by moisture. The reagent bottle should be capped immediately after the 
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sample is removed, and the sodium borohydride must be transferred to the reaction vessel immediately! Add 
the solid sodium borohydride to the Erlenmeyer flask and wash your weighing vessel (such as a vial or small 
beaker) with 3 mL of absolute ethanol if solid borohydride remains. Note the time of addition. Stir the mixture 
magnetically for 15 min. Note any physical changes that occur during this time.  
 
After the period of stirring, place the Erlenmeyer flask in a second 400-mL beaker containing ice water and 
resume stirring. Add 15 mL of ice water to the stirred solution and then slowly (over a minute or more) add 
0.5 mL of ice-cold 6 M hydrochloric acid to the mixture, using a pipet and adding the HCl dropwise. (Caution: 
foaming!) Add another 5 mL of water and continue stirring for an additional 15 min. If precipitation does not 
begin within about 5 min, hold the flask for a few seconds in a dry ice-acetone bath (-78 °C). This usually 
initiates crystallization. Then return the flask to the ice-water bath. 
 
Collect the precipitate (what color is it?) on a Büchner funnel and rinse the flask and the product with 50 mL of 
water. Agitate the crystals a bit while vacuum is applied over a 5-min period. Place the precipitate on a piece 
of clean paper or in a large beaker (scrape off the bar as well as possible) and allow it to air-dry until the next 
laboratory period. A mp determination should be made on the dried crystals. Obtain the mass of the 
precipitate and record the mass of the crude product. 
 
Preparation of the Acetal of 1,2-Diphenylethanediol3 
Weigh approximately 0.50 g (save the remainder for recrystallization) of the crude diol you made in the first 
reaction and add it into a 25–mL round-bottom flask. Weigh 0.09 g of anhydrous FeCl3, add it to the solid diol, 
and then add 9 mL of reagent-grade acetone (not from the wash bottles!). Add some boiling chips, position 
the flask in the aluminum block, add a water-cooled condenser, and heat the mixture at reflux for 20 min. 
(During the reflux period you can begin to recrystallize the remaining crude diol.) 
 
After the 20 min reflux period, remove about 5 mL of acetone from the reaction mixture by simple distillation. 
Transfer the remaining reaction mixture by pipet to a 15-cm centrifuge tube and add 3 mL of 10% aqueous 
potassium carbonate (K2CO3) solution, 3 mL of water, and 3 mL of dichloromethane (dichloromethane, 
CH2Cl2). Mix the biphasic mixture well with a pipet and, after the layers separate cleanly, transfer the organic 
layer (which is it?) to a clean 15-cm centrifuge tube. Extract the aqueous layer with 3 mL of CH2Cl2 and 
combine this extract with the first CH2Cl2 extract. Now wash the combined organic phases with 5 mL of water 
by mixing the layers with a pipet, remove the upper layer (is it the aqueous or the organic layer?), and dry the 
organic phase with anhydrous sodium sulfate (Na2SO4). Filter the solution with a dry pipet through a cotton 
plug into a dry 25-mL Erlenmeyer flask and rinse the drying agent with a small volume of CH2Cl2. Concentrate 
the solution to a volume of about 1–2 mL by boiling, then slowly concentrate the remaining solution, using a 
low hot plate setting, until a viscous oil, which may crystallize, remains. 
 
Crystallize the acetal by boiling it in 3 mL of hexane (No flames!) for about a minute. If the solution isn’t clear 
filter the mixture through a small cotton plug into a 10-mL Erlenmeyer flask to remove the insoluble, unreacted 
diol then concentrate the filtrate to approximately 1 mL. Cool the solution in an ice-water bath to induce 
crystallization of the acetal. 
 
Collect the crystals on a Hirsch funnel. Record the mass and mp after ca. 10 min of air-drying. Put the product 
in a properly labeled vial. 
 
Recrystallization of the Diol 
Recrystallize the remaining crude diol in the following manner. Dissolve (by warming on the hot plate) the diol 
in the minimum amount of laboratory-grade acetone in a 25-mL Erlenmeyer flask. Using a pipet, filter the 
warm solution through a cotton plug held in a small funnel into a clean 25-mL Erlenmeyer flask. Rinse the 
original flask and the funnel with small portions of hot acetone. Concentrate the filtrate to 1–2 mL and slowly 
add 1–2 mL of hexane to the warm solution. Precipitation from the undisturbed solution should occur rapidly. 
Cork the flask and cool it in an ice-water bath for 5 min after crystallization appears to be complete. Collect the 
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precipitate on a Hirsch funnel and wash it with a small amount of hexane. Transfer the crystals to a piece of 
paper or a beaker to dry. The weight and mp may be determined after 10–15 min of air-drying. Put the 
product in a properly labeled vial. 
 
 
 
QUESTIONS 
1. Calculate the % yield of the crude 1,2-diphenyl-1,2-ethanediol obtained from the sodium borohydride 

reduction. 
2. Calculate the % yield of the acetal obtained after recrystallization. 
3. Interpret the 1H NMR spectrum of the acetal as provided on the laboratory class pages (Canvas or Google 

Site) and determine the stereochemistry of the diol (meso or racemic mixture?). 
4. The 13C NMR spectrum of the diol is also provided on the laboratory class pages (Canvas or Google Site). 

Assign the chemical shift (d, to two decimal places) of each unique carbon in the diol. 
5. The 13C and 1H NMR spectra of the acetal are given on the laboratory class pages (Canvas or Google 

Site). Assign d values as in question 4 for each magnetically distinct carbon and hydrogen atom in the 
acetal. 
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SUPPLEMENT 16: SYNTHESIS OF 1,2,3,4-TETRAHYDROPYRIMIDIN-2-ONES 
PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 

Microscale extraction, section 10.6, pp. 155-161 
Melting point, sections 14.1 to 14.3, pp. 212-217 
Interpreting IR spectra, sections 21.7, 21.8, and 21.9, pp. 325-339 

 
In this experiment a tetrahydropyrimidin-2-one is prepared using a “green” chemistry technique.1,2,3,4-
Tetrahydropyrimid-2-ones are a class of compounds whose basic ring structure, shown below, is common to 
many pharmaceuticals. Given the importance of these compounds, researchers are in search of efficient 
methods for preparing members of this class of substances. Efficient syntheses are especially important for 
pharmaceuticals, which must be prepared in multi-kilogram scale in high yield via procedures that use 
inexpensive reagents and solvents and produce as little chemical waste as possible. 
  

 
 

Green chemistry is a field of research that explores new chemical processes and procedures that minimize 
waste and energy usage, use inexpensive chemicals, and limit the effects chemistry has on the environment. 
One way to meet these goals is to develop a simple synthetic procedure that is energy efficient. To be of 
practical value, such a procedure should be suitable for large-scale industrial applications. The procedure in 
this experiment meets these goals by mixing the reactants together without solvent. Obviously, this process 
will not work for every reaction, but when successful, it can be used in large-scale synthesis at lower costs 
than traditional solution-phase methods. Interestingly, the procedure used in this experiment can be applied to 
kilogram quantities of material using a hand-mixer, which lends itself to a suitable industrial application using a 
large, mechanical mixer. Cost reductions are achieved by lowering the amounts of solvents used, limiting 
waste disposal costs, and decreasing the input of energy that is commonly used to heat reactions. 
  
The transformation to be studied in this experiment is the Biginelli reaction, which is a three-component 
reaction used to produce the dihydropyrimidone ring system. This system results from a reaction using an 
aldehyde, a urea, and a b-ketoester as reagents in a transformation that is generally catalyzed by strong acid. 
The typical reaction conditions include heating the reagents, or submitting them to microwave irradiation, in 
the presence of a suitable catalyst, in a solvent such as an alcohol, a glycol, and polyphosphate esters. 
Various acid catalysts, such as trifluoroacetic acid, boric acid, and potassium hydrogen sulfate, have been 
used. Lewis acids like zinc chloride and indium bromide are also effective. The catalyst for our procedure is a 
common and inexpensive reagent, p-toluenesulfonic acid (p-TSA).  
 
 

 
 93% yield  
 mp: 208–210 °C 
 MW = 260.3 g/mol 
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EXPERIMENTAL PROCEDURE 
Synthesis 
To a 25 mL Erlenmeyer flask containing a stir bar or a spin wane, add 3.125 mmol of benzaldehyde (MW = 
106.1 g/mol, density = 1.04 g/mL), 3.125 mmol of ethyl acetoacetate (MW = 130.1 g/mol, density = 1.02 g/mL), 
3.95 mmol of urea (MW = 60.1 g/mol), and 0.10 g of p-toluenesulfonic acid (p-TSA).  The liquids should be 
measured out with a Pipetman and the urea should be weighed in a small beaker and then grinded into 
a fine powder using a mortar and pestle. Stir the reaction mixture and heat it at 70 °C by placing the flask in 
a sand bath. The initial syrupy reaction mixture will solidify within 3-5 min but continue heating the mixture for 
an hour at 70°C . Remove the flask from the sand bath and add 10 to 15 mL of water to the flask. Carefully 
break up the solid into a fine powder using a glass stirring rod or a micro spatula. Transfer the product to a 
Hirsch funnel and wash the solid three separate times with 10-mL portions of water. Reserve a small of amount 
of crude product for TLC analysis and recrystallize the remainder of the solid from absolute ethanol. Record 
the amount of product and calculate the percent yield. Determine the mp and obtain an IR spectrum of the 
product. Label the main peaks on the spectrum and tape it in your notebook. Analyze the purity of your 
recrystallized product using TLC by spotting the crude product against the recrystallized product. Refer to 
Table pages 8-9 for a complete list of required analysis for your product. 
 
 
QUESTIONS 
1. What is the limiting reagent in this procedure? 
2. How did your yield compare the literature value? Where might you have lost compound in your procedure 

if your yield was lower than expected? 
3. How many side products did you observe in the TLC of the crude product? Of the purified product?  
4. How close was your mp to the literature value? What effects do impurities have on the mp of your 

compound? 
5. Write a complete mechanism for the Biginelli reaction. This mechanism is challenging, but you should be 

able to find something on the web about it; feel free to enlist the help of your lecture or laboratory instructor 
for hints.  
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GROUP 6: GRIGNARD ADDITION REACTIONS 

SUPPLEMENT 17: SYNTHESIS OF TRIPHENYLMETHANOL 
 

PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 
• Microscale recrystallization and vacuum filtration, section 15.6, pp. 231-234 
• Melting point, sections 14.1 to 14.3, pp. 212-217 
• Interpreting IR spectra, sections 21.7, 21.8, and 21.9, pp. 325-339 

 
In this experiment you will generate a Grignard reagent, react it with a ketone, then use aqueous acid to form 
a tertiary alcohol. Bromobenzene will be used to create the Grignard reagent, and then it will be reacted with 
benzophenone. After quenching the reaction with acid, triphenylmethanol will form as the product. 
 

 
 
Because Grignard reagents react with water, extreme care must be taken to prevent the Grignard from 
coming in contact with moisture until it has reacted with the ketone. You will dry the reaction vessel and other 
glassware in the oven. You will use only anhydrous Ethyl Ether. However, once the reaction has been 
quenched with aqueous acid, using anhydrous reagents is no longer necessary. 
 
The most difficult part of making this reaction work is getting the Grignard reagent to form, so you’ll use a few 
tricks to increase your chances of success. First, grind or crush the magnesium using a glass rod while the 
reaction is going or use a mortar and pestle before starting the reaction to remove the coating of magnesium 
oxide that may hinder the reaction. Also add a crystal of iodine to make the magnesium surface more reactive 
if the reaction does not start after about 10 minutes. 
 
During the first step of the reaction, it is possible for the newly formed Grignard to react with the 
bromobenzene already present in the solution, giving biphenyl, a side product. You may see this product in 
the TLC as a very nonpolar spot which is rather bluish under UV light. 
 

 
 
 
EXPERIMENTAL PROCEDURE 
Safety notes 

• Ethyl Ether is very volatile and extremely flammable. Ethyl Ether must be kept away from ignition 
sources. Ethyl Ether containers must be capped when not in use, and open containers of ether must be 
kept in the hood.  

• 6 M hydrochloric acid is corrosive, and it will cause burns on contact.  
• Magnesium turnings are flammable. They can be easily ignited. Magnesium produces flammable gases 

on contact with water and acid. May ignite on contact with water or moist air. 

Br Mg MgBr Ph Ph

O

O
H3O OH
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Synthesis of Phenyl Magnesium Bromide (the Grignard Reagent) 
For this experiment, all glassware and spin vane must be thoroughly dry. Before starting the experiment 
place, them in the oven for thirty minutes. Read the procedure below to determine what will need to be dried 
in the oven. O-rings and pressure caps should not be placed in the oven.  
 
Fill an oven-dry 50-mL Erlenmeyer flask with approximately 20 mL of anhydrous Ethyl Ether. This is your 
Ethyl Ether supply for this experiment.  Cap the flask with a cork.  
Pack an oven-dry drying tube with calcium sulfate (drierite). Weigh 0.15 g of magnesium turnings and add it to 
an oven-dry 25-mL round-bottom flask and oven-dry spin vane.  
Note: Weigh the magnesium once you are ready to start your reaction, do not weigh it ahead of time. Cap the 
round-bottom flask with an oven-dry Claisen head. Seal one opening on the Claisen head with a septum and 
the other opening with the drying tube. 
 
Place 6.7 mmol of bromobenzene (MW = 157 g/mol, density = 1.5 g/mL) into an oven-dry 5-mL conical vial. 
Bring the bottle of bromobenzene in your hood and dispense it in the conical vial with a pipetman. Add 4 mL 
of ethyl ether to the conical vial, cap it and mix the solution well. Unscrew the cap on the Claisen head and 
add 0.8 mL of the bromobenzene-ether solution to the magnesium, with a pipetman. Place the round bottom 
flask in an aluminum block on a heating/stirring plate and warm it gently to 50 °C (setting of 2-3 on your 
heating plate). Gently stir the contents of the flask while heating the mixture, making sure the Magnesium 
remains at the bottom of the flask. After 15 to 20 minutes of stirring the solution will become cloudy and will 
turn brownish. This is the sign that the reaction is starting. If the reaction does not start you can crush the 
magnesium with an oven-dry glass stirring rod. If the reaction still doesn’t start after crushing the magnesium 
several times, you can add a small iodine crystal to the reaction (ask your instructor). Once the reaction has 
started slowly add the remaining bromobenzene–ether solution over fifteen minutes. It is important that the 
reaction stays warm. The exothermic reaction should keep the reaction going but keep the hot plate on at a 
setting of 2-3. After adding all of the bromobenzene–ether solution to the flask, rinse the conical vial with 2.0 
mL of anhydrous Ethyl Ether and then transfer the ether solution to the flask. Let the reaction go for another 
15 minutes.  
 
Reaction of Phenyl Magnesium Bromide with Benzophenone 
In an oven-dry 5-mL conical vial, prepare a solution of 5.9 mmol benzophenone (MW = 182.2 g/mol) in 2 mL 
of anhydrous Ethyl Ether and cap the vial. Once the Grignard reagent has cooled to room temperature, add 
the benzophenone solution to the stirring Grignard reagent quickly, but not so quickly that the exothermic 
reaction causes the ether to boil. A solid will form in the flask that contains the Grignard reagent and the 
benzophenone. Once the stirring has become ineffective, stir the contents of the flask with an oven-dry dry 
spatula. The reaction should be complete within fifteen minutes from the initial formation of the product.  
 
Isolation of Triphenylmethanol 
To the reaction flask, add 6.0 mL of 6 M hydrochloric acid dropwise. Use a spatula to break up the solid and 
cap and shake the vial to help dissolve the solid. Because the leftover magnesium will react with the acid to 
form hydrogen gas, and the neutralization reaction will release heat, the flask must be vented to release the 
pressure. Add 10 mL of anhydrous Ethyl Ether and mix the solution. Transfer the contents of the reaction flask 
into 2 centrifuge tubes. Wait for the layers to separate and transfer the Ethyl Ether layer (top layer) to a dry 
Erlenmeyer flask. Extract the aqueous layer (bottom layer) a second time with 3 mL of anhydrous Ethyl Ether. 
Add 3 mL of Ethyl Ether to the aqueous layer, shake the mixture and vent several times.  Transfer the Ethyl 
Ether layer (top layer) to the Erlenmeyer flask. Dry the Ethyl Ether layer with anhydrous sodium sulfate and  
pipet the dried Ethyl Ether solution into a 25 mL round bottom flask. Evaporate the Ethyl Ether using a 
rotavapor. Add 3 mL of Hexane to the oily solid that remains in the 25 mL round bottom flask. Warm the 
resulting mixture in a 50 °C water bath for a few minutes, cool to room temperature, and isolate the product by 
vacuum filtration using a Hirsch funnel. Dry the product on the Hirsch funnel for 5 min, weigh the crude 
product and recrystallize it in hot isopropanol (2-Propanol). 
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Recrystallization 
Recrystallize the crude product from hot isopropanol (2-Propanol). 
 
Analysis 
Determine the melting point of the product. Obtain an IR spectrum of the product. Report the amounts of the 
reagents (mass and moles), your yield (actual, in grams and moles, and percent), and the melting point of 
your product. Remember, percent yields are based on the theoretical yield of the reaction. Comparing your 
crude product to your recrystallized product will not provide the “percent yield” for the reaction.  
Refer to Table on page 9 for all the required analysis of your product. 
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SUPPLEMENT 18: SYNTHESIS OF BENZOIC ACID 

 
PRE-LABORATORY READING IN LABORATORY TECHNIQUES IN ORGANIC CHEMISTRY, 4TH ED. 

• Miniscale extraction, sections 10.4 pp.152-155 
• Microscale recrystallization and vacuum filtration, section 15.6, pp. 231-234 
• Melting point, sections 14.1 to 14.3, pp. 212-217 
• Interpreting IR spectra, sections 21.7, 21.8, and 21.9, pp. 325-339 

 
In this experiment you will generate a Grignard reagent, react it with CO2, then do an acidic aqueous workup 
to isolate a carboxylic acid. Bromobenzene will be used to create the Grignard reagent. This will be reacted 
with CO2 to yield benzoic acid. 
 

 
 
Because Grignard reagents react with water, extreme care must be taken to prevent the Grignard from 
coming in contact with moisture until it has reacted with the CO2. You will dry the reaction vessel and other 
glassware in the oven. You will use only anhydrous Ethyl Ether. However, once the reaction has been 
quenched with aqueous acid, using anhydrous reagents is no longer necessary. 
 
The most difficult part of making this reaction work is getting the Grignard reagent to form, so you’ll use a few 
tricks to increase your chances of success. First, grind or crush the magnesium using a glass rod while the 
reaction is going or use a mortar and pestle before starting the reaction to remove the coating of magnesium 
oxide that may hinder the reaction. Also add a crystal of iodine to make the magnesium surface more reactive 
if the reaction does not start after about 10 minutes. 
 
During the first step of the reaction, it is possible for the newly formed Grignard to react with the 
bromobenzene already present in the solution, giving biphenyl, a side product. You may see this product in 
the TLC as a very nonpolar spot which is rather bluish under UV light. 
 

 
 
 
 
EXPERIMENTAL PROCEDURE 
Safety notes 

• Ethyl Ether is very volatile and extremely flammable. Ethyl Ether must be kept away from ignition 
sources. Ethyl Ether containers must be capped when not in use, and open containers of ether must be 
kept in the hood.  

• 6 M hydrochloric acid is corrosive, and it will cause burns on contact.  
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• Magnesium turnings are flammable. They can be easily ignited. Produces flammable gases on contact 
with water and acid. May ignite on contact with water or moist air. 
 

Synthesis of Phenyl Magnesium Bromide (the Grignard Reagent) 
For this experiment, all glassware and spin vane must be thoroughly dry. Before starting the experiment 
place, them in the oven for thirty minutes. Read the procedure below to determine what will need to be dried 
in the oven. O-rings and pressure caps should not be placed in the oven.  
 
Fill an oven-dry 50-mL Erlenmeyer flask with approximately 20 mL of anhydrous Ethyl Ether. This is your 
Ethyl Ether supply for this experiment.  Cap the flask with a cork.  
Pack an oven-dry drying tube with calcium sulfate (drierite). Weigh 0.15 g of magnesium turnings and add it to 
an oven-dry 25-mL round-bottom flask and spin vane.  
Note: Weigh the magnesium once you are ready to start your reaction, do not weigh it ahead of time. Cap the 
round-bottom flask with an oven-dry Claisen head. Seal one opening on the Claisen head with a septum and 
the other opening with the drying tube. 
 
Place 6.7 mmol of bromobenzene (MW = 157 g/mol, density = 1.5 g/mL) into an oven-dry 5-mL conical vial. 
Bring the bottle of bromobenzene in your hood and dispense it in the conical vial with a pipetman. Add 4 mL 
of ethyl ether to the conical vial, cap it and mix the solution well. Unscrew the cap on the Claisen head and 
add 0.8 mL of the bromobenzene-ether solution to the magnesium, with a pipetman. Place the round bottom 
flask in an aluminum block on a heating/stirring plate and warm it gently to 50 °C (setting of 2-3 on your 
heating plate). Gently stir the contents of the flask while heating the mixture, making sure the Magnesium 
remains at the bottom of the flask. After 15 to 20 minutes of stirring the solution will become cloudy and will 
turn brownish. This is the sign that the reaction is starting. If the reaction does not start you can crush the 
magnesium with an oven-dry glass stirring rod. If the reaction still doesn’t start after crushing the magnesium 
several times, you can add a small iodine crystal to the reaction (ask your instructor). Once the reaction has 
started slowly add the remaining bromobenzene–ether solution over fifteen minutes. It is important that the 
reaction stays warm. The exothermic reaction should keep the reaction going but keep the hot plate on at a 
setting of 2-3. After adding all of the bromobenzene–ether solution to the flask, rinse the conical vial with 2.0 
mL of anhydrous Ethyl Ether and then transfer the ether solution to the flask. Let the reaction go for another 
15 minutes.  
 
Carbonation of Phenyl Magnesium Bromide; Hydrolysis of Reaction Mixture 
Allow the reaction mixture to cool to room temperature. Add approximately 4 g of dry ice to an oven-dry 30- or 
50-mL small beaker (ask your instructor). Remove the Claisen Head and pour the Grignard reagent solution 
immediately onto the dry ice. (Be prepared – this is a strong nucleophile and a reactive electrophile – the force 
of the reaction will surprise you.) Rinse the round-bottom flask with 3 mL of anhydrous Ethyl Ether and add it 
to the beaker. Cover the reaction with a watch glass and let it stand until no dry ice remains. 
 
Add a stir bar to the beaker. With stirring, add about 10 mL of 6 M HCl to the beaker. Because the leftover 
magnesium will react with the acid to form hydrogen, the neutralization reaction will release heat. Add 10 mL 
of Ethyl Ether to the beaker and continue to stir the mixture. You should now have two distinct layers— an 
aqueous layer (bottom layer) containing inorganic salts and HCl, and an organic layer (top layer) containing 
benzoic acid and neutral organic compounds.  
Pour the contents of the beaker into two centrifuge tubes. Rinse the beaker with 2 mL of Ethyl Ether and 
transfer it to the centrifuge tubes.  
 
Isolation of Benzoic Acid 
Cap the centrifuge tubes and shake them to mix the layers. Vent several times. Allow the layers to separate. 
Remove the lower aqueous layer with a pipet and transfer it in a beaker.  Label the beaker “acid extract”. 
Leave the upper organic layer in the centrifuge tubes. Don't discard any layers until you are certain you have 
obtained benzoic acid. 
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Add 1 mL of 5% NaOH solution to each centrifuge tube, shake the mixtures gently; vent them several times. 
Allow the layers to separate and remove the lower aqueous layer with a pipette. Save this layer in a different, 
clean 30- or 50- mL beaker labeled “basic layer-product”. 
 
Repeat the previous step two more times with 2 mL portions of 5% NaOH. Combine all the NaOH extracts in 
the same beaker. Save the upper organic layer in a vial or flask labeled “ether layer”. 
 
Use a glass funnel and filter paper to gravity filter the contents of the beaker labeled “basic layer-product” into 
another clean, small beaker. Rinse the beaker labeled “basic layer-product” with 2 mL of water and pour this 
through the filter paper as well.  
 
Cool the beaker containing the filtered solution in an ice-water bath and while stirring, add 5 mL of 6 M HCl to 
the beaker. You should observe the formation of a white precipitate of benzoic acid. Use pH paper to 
determine that the solution is pH ~ 1. Check the pH by adding a drop of solution on the tip of a stirring rod to a 
piece of pH paper. DO NOT dip the pH paper in the solution. If the solution is not pH 1, add HCl dropwise and 
with stirring until the solution is the proper acidity. 
 
Collect the benzoic acid by vacuum filtration on a Hirsch funnel. Add 1 mL of ice water to the beaker, swirl to 
rinse, and pour over the solid on the funnel. Repeat with a second 1 mL portion of ice-water. Allow the solid to 
dry thoroughly. 
 
Transfer the dry benzoic acid to a pre-weighed beaker and determine the weight and percent yield of the 
product. Determine the mp range (reported mp of benzoic acid: 122°C), take an IR spectrum and analyze 
both the NMR and IR spectra. Refer to Table on page 9 for all the required analysis of your product. 
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GROUP 7: UNKNOWN 
This is a dry lab, you will be given an unknown number and you are to determine the identity of the compound 
from the spectral data, posted on lab course webpages, on Chem32L google sites, You should not do this 
experiment until NMR spectroscopy has been covered in lecture.  
 
There are no limitations on the types of compounds used; to a first approximation, there are many millions of 
possibilities. Part of our evaluation of your results will include how thorough and imaginative you are in solving 
the structure.  
 
STEPS IN THE UNKNOWN DETERMINATION  
1. Before starting this experiment, it will be helpful to read a couple of case studies from the textbook, 

sections 22.11 and 23.5. 
  
2. Print out Infrared and NMR Spectra files posted on lab course webpages, on Chem32L google sites, and tape 
      them in your notebook. 
 
3. Determine what functional groups are present from the IR spectra.   

 
4. Interpret the 1H and C-13 NMR spectra: 
 

A. Analyze the 1H-NMR spectrum. In your notebook, prepare an informal table with the following 
headings:  
a. Chemical shifts (ppm) 
b. 1H type – For example, Ar-H, O-C-H 
c. Integration 
d. Splitting patterns (doublet, triplets, quartets, multiplet) 
e. Possible structure fragments – For example, -CH2-CH2-CH3  or CH(CH3) 

 
B. Analyze the C-13 NMR spectra and find the number of non-equivalent carbon atoms. From the 

DEPT-135 spectra, you can determine the number of CH and CH3 carbon nuclei (positive 
signals) and the number of quaternary and CH2 carbon nuclei (negative signals) 
 

C. The process of piecing together the structure is very much like putting together a puzzle. 
Eliminate the proposed structure fragments that are inconsistent and put the remaining structure 
fragments together in a way that agrees with all the data (IR and NMR spectra plus additional 
data that might have been given to you) 

 
5. Literature Search 
 a. Propose possible structures for your compound based on their IR and NMR spectra. 
 b. Look up spectra of compounds you have proposed in the spectral data bank 

(http://sdbs.db.aist.go.jp/sdbs/cgi-bin/cre_index.cgi) and compare the spectral data.  
 c. If you are having difficulty determining the structure of your unknown, consult your instructor. 
 


