CHEMISTRY 355
COURSE OUTLINE AND SUPPLEMENT
Summer 2018
Course Objectives
Materials covered in lecture courses are based on experimental data accumulated over the years which have been systematized
into natural laws and theories. However, the study of chemistry (or any science) requires the learning of some laboratory
techniques and methods of data acquisition. It is intended that the skills acquired in this course will be of practical value to
you in your fields of interest. It is also hoped that a "hands on" experience will enable you to grasp the concepts presented in
CEM 351-352 lectures more easily.
• Students will relate concepts from organic chemistry lecture courses to experiments in lab.
• Students will practice common organic chemistry laboratory techniques, including isolation, purification, synthesis,
and analysis.
• Students will interpret data, draw conclusions, and recommend next steps for an experiment.
• Students will organize background information, experimental methods, results, and conclusions into written
laboratory reports.
Required Materials
Lab Text:
Miscellaneous:

"Operational Organic Chemistry", 4th Edition.
John W. Lehman, Allyn & Bacon, Inc., Boston, Mass., 1999.
Approved splash proof safety goggles (ANSI 279.1 1979).
Lab coats are REQUIRED IN CEM355 LAB.
Any bound notebook with duplicate prenumbered pages and carbon paper.
Ballpoint pen (not a pencil).

Supplementary Readings: "Organic Chemistry," Jones or any other Organic Chemistry text book.
Microscale Organic Lab, D. W. Mayo; R. M. Pike; P. K. Trumper, 3rd ed.
Introduction to Organic Laboratory Techniques: A Microscale Approach, Pavia, Lampman,
Kriz, and Engel, 2nd ed.
Course Director

Dr. Kevin Walker, Room 208 Chemistry, 353-1112, Office Hours, T 2-3 PM, or by appointment. Email: walker@chemistry.msu.edu

Grading
Melting point calibration
60 points
Distillation
100 points
Cyclohexene
100 points
TLC
60 points
Column chromatography
60 points
Extraction
60 points
Spectroscopy
60 points
Benzopinacolone
100 points
Grignard reaction (microscale)
100 points
2-chloro-5-nitrobenzamide
100 points
Isolation of caffeine
50 points
Identification of a carbonyl compound
100 Points
Recrystallization
100 points
Azo dye
100 points
Lab Clean Up
25 points
Total
1175 points
Report grades will be based on format (as described in “Expectations for Laboratory Reports”), content, results (yield, melting
point, boiling point, refractive index, spectra, etc.), and responses to post-laboratory questions in the discussion.
Major or continual violations of safety rules will result in dismissal from lab and a
50–point reduction in course grade (penalty).
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Housekeeping violations such as leaving your bench and/or the common area dirty shall result in a 20-point penalty.
The anticipated grade distribution is:
1062-1175 =
4.0
975-1061 =
800-872
=
2.5
675-799 =

3.5
2.0

873-974
0-674

=
=

Schedule (sequence within the modules may be revised by your TA):
Date
Experiment*

7/02 (M)

Safety discussion
Check in
Melting point experiment

07/03 (T)
07/04 (W)
07/05 (Th)
07/09 (M)
07/10 (T)

Liquids Module
Distillation I & II
No labs (Independence Day)
Distillation III & IV
Cyclohexene I
Cyclohexene II $

07/11(W)
07/12 (Th)
07/16 (M)
07/17 (T)
07/18 (W)
07/19 (Th)
07/23 (M)
07/24 (T)

Solids Module
TLC
Column Chromatography
Column Chromatography
Extraction
Extraction
Recrystallization
Recrystallization
Recrystallization $

07/25 (W)
07/25 (W)
07/26 (Th)
07/30 (M)
07/31 (T)
08/01 (W)
08/02 (Th)
08/06 (M)
08/07 (T)
08/08 (W)
08/09 (Th)
08/13 (M)
08/14 (T)
08/15 (W)
08/16 (Th)

Synthesis Module
Benzopinacolone
Grignard
Grignard $
Benzopinacolone $
Multi-Step Synthesis I
Multi-Step Synthesis II
Multi-Step Synthesis III
Multi-Step Synthesis IV $
Caffeine
Caffeine
ID of Carbonyl $
Azo Dye
Azo Dye $
Check out
TA evaluation
Lab Clean Up

3.0
0.0
Report Due

07/07 (Saturday)

07/07 (Saturday)
07/14 (Saturday)

07/14 (Saturday)
07/21 (Saturday)
07/21 (Saturday)
07/28 (Saturday)

08/04 (Saturday)
07/28 (Saturday)
08/04 (Saturday)
08/11 (Saturday)

08/11 (Saturday)
08/11 (Saturday)
08/18 (Saturday)
N/A
N/A

* See Supplementary Procedures in syllabus
$ Graded product

Failure to check out before or during your last scheduled lab results in a $25.00 plus
breakage fee. If you withdraw from CEM 355 early, check out early too.
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Reading Assignments
Before the second laboratory session, you are expected to be thoroughly familiar with the following sections of Lehman:
Introduction and Advice to Students (pp. 1—12)
Laboratory Safety (pp. 13—30)
Appendixes (pp. 833—879)
The contents of the operations section (pp. 585-832) will be covered during the course of the term. The sequence that these
topics are covered will vary among the sections.
Before check in, you must do your safety sheet online at the bottom right of the chemistry department web page
(www.chemistry.msu.edu).
Write Ups
1.

Pre-Laboratory – due at beginning of class
Review the operations in the text that are relevant to the experiment (See Supplementary Proecedures for
recommended operations for each experiment) prior to arriving in the laboratory. Prepare a pre-lab write up
summarizing the experiment and operations to be completed. Students are encouraged to work together, but individual
copies of all laboratory work will be submitted individually. Plagiarism is taken seriously and actions will be taken
according to the MSU Plagiarism Policy.
An important laboratory skill is the making and recording of accurate observations. A well kept notebook is an
essential part of any investigation. Your notebook should be a complete description of what happened--or didn't
happen--in your experiments. If someone else could repeat your work and get the identical results using only the
notebook for directions, then your notes are thorough. A well kept set of records is an essential part of any
investigation. The carbon copies are to be given to your instructor at the end of each week. Each page should be
signed and dated.

2.

Post Laboratory Report – due Saturday following completion of experiment
See “Expectations for Laboratory Reports” and “Template for Laboratory Reports” on the course webpage for a
description of the laboratory report format. Lab reports are due via D2L on the Saturday following completion of the
experiments. Students are encouraged to work together, but individual copies of all laboratory work will be submitted
individually. Plagiarism is taken seriously and actions will be taken according to the MSU Plagiarism Policy.
You must turn in the products in order to get credit for the experiment. All products are to be turned in to your
laboratory instructor in a stoppered, labeled bottle,vial, or plastic bag. The label is to have clearly written on it:
notebook reference number, the compound's name, m.p. or b.p., tare weight, weight of compound, % yield, the
student's name and laboratory section. Do NOT include your student number. The notebook reference number
consists of your last name or initials, the notebook number, the page number, and a letter identifying the particular
compound on that page. To give an example: ABA-II-34-D is compound D described on page 34 of notebook 2 of
ABA.
Spectra should be similarly identified. Spectra of "starting material," "recovered starting material," or even different
lots of the same material are not always the same. The use of notebook reference numbers becomes increasingly
important as the problems become more complex. Develop the habit now, while the problems are still simple.
Waste Disposal

A chemical laboratory or manufacturing plant is the potential source of numerous by-products and wastes. The
impact of these materials on the environment can be greatly reduced or eliminated altogether by following appropriate
procedures. Not all chemical wastes are treated in the same manner.
Dispose of your hazardous chemical waste as follows:
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1. Place liquid hazardous chemical waste in the liquid hazardous waste container.
2. Place solid hazardous chemical waste in the solid hazardous waste container.
Ask your TA where to place your hazardous waste if you are not sure.
The ecologically safe disposal of chemical wastes and by-products requires the cooperation of everyone in the lab.
Place the waste materials in the appropriate bottle or jar. Remember also that hazardous reactions may occur when different
types of waste are mixed. Follow the directions of this handout and your instructor carefully; read all labels twice. Know what
you are discarding.
Broken glassware and stoneware belongs in the BROKEN GLASS bucket. Do not put sharp objects into the
wastepaper buckets where they might injure an unsuspecting custodian.

There will be a 50–point penalty for any improper waste disposal of hazardous chemical waste.
Housekeeping
Each student should sponge off his/her work area at the end of each lab period. All community equipment (clamps,
rods, hoses, ice baths, steam bath kits, etc.) are to be returned to the proper compartments. In particular, each bench space
should have a steam bath with both hoses and a complete set of rings. Hoarding community apparatus is grounds for an NA
grade. If the common area such as the balances and the reagent hoods is left messy, 20 points will be

deducted from everyone in that particular section.
Community areas such as hoods and balances are to be kept clean. If you spill something, clean it up promptly. The
lab instructors are encouraged to assign cleanup duties if needed. If you feel that the lab is not clean when you enter, tell your
TA promptly. Appropriate penalties will be levied against the offenders. Remember that your housekeeping will be evaluated
by the next section also!

Housekeeping violations such as leaving your bench and/or the common area dirty shall result in a
20-point penalty.
Check-in Procedures
Record your locker number and combination in your notebook. Make sure that your name is entered beside your
locker number in the T.A.'s section folder.
Carefully check all of your apparatus, washing anything which isn't clean. A distilled water rinse will prevent water
marks. Replace any chipped, cracked, broken or missing apparatus before starting any experiments. See your instructor for
details on how to obtain replacement items. Give your instructor your completed inventory sheet.
Read the safety regulations. Ask for explanations regarding any rules which you don't understand.
Your locker may be reassigned if the check-in procedure is not followed. Be sure that all paperwork is done the first
day.
Safety Regulations
In order to avoid personal injuries and injuries to fellow students while performing experiments in your
Chemistry Laboratory Courses, it is required that you read and understand the following regulations before performing
any experiments. Please indicate that you have done so by signing and returning one copy to your instructor. The
department reserves the right to exclude any person from the laboratory who endangers him/herself or others.
A. Personal Protection
1. Approved safety goggles (not sunglasses) must be worn at all times when in the laboratory. Soft
contact lenses shall not be worn in the laboratory under any circumstances, even under goggles. Hard contact
lenses are conditionally acceptable. Check with your instructor.
2. If you get a chemical in your eye, immediate and extensive washing with water only is absolutely
essential to minimize damage. Use an eye wash bottle, a hose, an eye fountain or an eye cup at once. If you
spill any chemical on yourself, immediately wash with large amounts of water; then notify your instructor.
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3. The wearing of rubber gloves and aprons is strongly advised when working with toxic and/or
corrosive substances. However, gloves must never be a substitute for neatness and careful technique. Do not
use organic solvents to remove organic compounds from the skin: they will only spread the damage over a
wider area. Solvents also tend to penetrate skin, carrying other chemicals along. Soap and water are more
effective.
4.

Do not apply ointments to chemical or thermal burns. Use only cold water.

5. Do not taste anything in the laboratory. (This applies to food as well as chemicals. Do not use the
laboratory as an eating place and do not eat or drink from laboratory glassware.) Do not use mouth suction in
filling pipettes with chemical reagents. (Use a suction bulb.)
6. To minimize hazard, confine long hair securely when in the laboratory. (Also, a laboratory apron is
essential when you are wearing easily combustible clothing, especially synthetics. Such an apron affords
desirable protection on all occasions.) Shoes or sneakers must be worn in labs at all times.
7. Exercise great care in noting the odor of fumes and whenever possible avoid breathing fumes of any
kind. See also C-6.
8.

No smoking in labs.

9. You are advised to obtain medical attention for cuts, burns, inhalation of fumes, or any other
laboratory incurred accident. If needed, your laboratory instructor will arrange for transportation to Olin Health
Center. An accident report must be completed by your laboratory instructor.
10. No earphones shall be worn in laboratories.
B. Property Protection
1. In case of fire, call the instructor at once. If you are near an extinguisher, bring the extinguisher to
the fire, but let the instructor use it.
2. Know the location of all safety equipment: fire extinguisher, safety showers, fire blankets, eye
washes (any water hose works in an emergency) and exits.
3.

Treat all liquids as extremely flammable unless you know them to be otherwise.

4. Clean all spills promptly with water (except water-reactive substances) and paper towels. If you
have any doubts about the proper clean-up procedure, ask your instructor.
5. Disposal of waste: dispose of all chemicals properly. For hazardous waste use the waste containers
in your lab. Ask your instructor how to dispose of waste chemicals you are unsure about.
6.

Place broken glass in the appropriate container. Do not put broken glass in the wastepaper cans.

C. Laboratory Technique
1. Read the experiment before coming into the lab. This will allow you to plan ahead so that you can
make best use of your time. The more you rush at the end of a lab, the greater your chance of having an
accident.
2. Perform no unauthorized experiments. Do not remove any chemicals or equipment from the
laboratories. You alone will bear the consequences of "unauthorized experimentation".
3.

Never work in any laboratory alone!

4. Don't force glass tubing into rubber stoppers. (Protect your hands with a towel when inserting
tubing into stoppers, and use a lubricant.)
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5. When working with electrical equipment observe caution in handling loose wires and make sure
that all equipment is electrically grounded before touching it. Clean up all puddles immediately.
6. Use hood facilities. Odors and gases from chemicals and chemical reactions are usually unpleasant
and in many cases toxic.
7. View reactions from the side, keeping glass and safety glasses between you and the reactants. Do
not look into the open mouth of a test tube or reaction flask. Point the open end of the tube away from you and
other laboratory workers.
8.

Be a good housekeeper. Order and neatness will minimize accidents.

9. Laboratory safety is the personal responsibility of each and every individual in the laboratory.
Report unsafe practices.
10. Treat all chemicals as corrosive and toxic and all chemical reactions as hazardous unless you know them
to be otherwise.

ANY SAFETY VIOLATION WILL RESULT IN A 50–POINT PENALTY.

Rubber Gloves
The greatest hazards associated with chemicals generally concern swallowing or inhaling vapors, fumes, or mists. Many
people consider only corrosive materials such as lye or sulfuric acid dangerous to skin. This is a false assumption. Skin resistance
to chemicals varies. In some cases skin resistance is very good, but in others, especially lipid soluble materials, absorption through
the skin can produce dangerous levels in the body. Some common chemicals which are readily absorbed through the skin in toxic
amounts include:
Aniline
Benzene
Bis(chloromethyl) ether
Bromoform
Carbon tetrachloride

Cyanides
1,2-Dibromoethane
N,N-Dimethylaniline
Dimethylformamide
Hydrazine

Mercury
Nicotine
Nitrotoluene
Phenol
Tetraethyl lead

As time passes, each chemist becomes more aware that the little things in the laboratory are not always simple or safe.
Rubber gloves are of this class of items. The following generalizations about each glove material can be made:
Nitrile:
Neoprene:
Natural
Rubber:
Butyl
Rubber:
PVC:
Polyethylene:
PVA:

a copolymer of butadiene and acrylonitrile. Noted for its resistance to puncture, abrasion and most
chemicals, particularly petroleum solvents, oils, acids, caustics, alcohols.
a polymer of 2-chloro-1,3-butadiene. The standard for glove boxes, recommended for oils, greases,
gasoline, DMF. NOT for use with aromatics and chlorinated hydrocarbons, and strong oxidizers.
excellent for use with alcohols and caustics. Good for DMSO
and aniline, also most ketones. These are the commonly seen thin tan gloves. They are rapidly
destroyed by thionyl chloride and chlorosulfonic acid.
most impermeable to gases and water vapor. Best for aldehydes
and ketones, caustics, amines. Generally good all around protection except for aromatics,
chlorinated hydrocarbons, and petroleum solvents.
polyvinyl chloride supported gloves are generally best for inorganic and organic acids, caustics.
these are always disposable; excellent for acids, caustics, aldehydes and ketones.
polyvinyl alcohol supported gloves are the best for aromatic and chlorinated hydrocarbons,
ketones, THF, but cannot be used with aqueous systems as they dissolve in water. Also not good
for DMSO, DMF, pyridine.
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LAB REPORT EXPECTATIONS
CEM 355 US18

Title
•
•
•

Title should be accurate, clear, and concise
Should reflect the main focus of the report
Brief and grammatically correct

Short introduction
• This should be in paragraph form, about 1 paragraph or more explaining the purpose the experiment.
• Generally should be written from broad to specific
• This should be in your own words and no plagiarism should ever be observed.
Experimental
• 3rd person past tense in paragraph form with passive voice
• Use your own words. It is not okay to copy exactly what the lab handout says for you to do.
• Write what YOU actually did (amounts of reagents too)
• If you obtain chemicals from another group or person, mention that in your report.
• In the correct form put amount added in parentheses after the chemical or reagent.
o For solvents just the volume or amount added.
▪ “THF (10 mL) was added….”
o For substrates or reagents include the amount added and the number of moles or millimoles
▪ “A 25 mL round bottom flask was charged with cadmium oxide (128 mg, 1 mmol).”
o For catalysts you need to include the mol % of catalyst as compared to the limiting reagent or substrate.
▪ “In a glovebox under an atmosphere of N2, [Ir(OMe)cod]2 (9.9 mg, 0.015 mmol, 1.5 mol %) was
carefully weighed and added to a 3 mL conical vial.”
• There should always be a space between a number and the units
o E.g. mass: 5 g or volume: 5 mL
o There must also be a space between mol and the % sign for catalysts (see above)
Results and Discussion
• Should be a narrative in paragraph form, with figures interspersed near where they are discussed
• Needs to include things you witnessed such as color changes, pH readings, and gas evolutions.
• Figures
o Explain the figures and discuss what they show and what the results mean.
o Figures should have proper labels on them including a caption with a figure number below the figure.
• Tables
o Should be clear with a heading above the table and a table number.
o Pertinent information should also be discussed.
•

Schemes
o Should have a heading and scheme number below the scheme
o Schemes must be made using ChemDraw, ACD ChemSketch, or Marvin Sketch.

•

Questions for discussion in lab manual
o Answers to questions should be in paragraph form in the Results and Discussion Section
o The questions should be answered thoroughly yet concisely in full sentences.
o Make sure to balance any chemical equations that are in this section.

Conclusions
• This should be in paragraph form about 1 paragraph or more regarding any conclusions from the experiments and
your data.
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References
• Use ACS style (https://pubs.acs.org/doi/10.1021/bk-2006-STYG.ch014)
o Journal Article:
▪ Wackerly, J. W. Stepwise Approach To Writing Journal-Style Lab Reports in the Organic
Chemistry Course Sequence. J. Chem. Educ. 2018, 95, 76–83.
o Book:
▪ Almlof, J.; Gropen, O. Relativistic Effects in Chemistry. In Reviews in Computational Chemistry;
Lipkowitz, K. B., Boyd, D. B., Eds.; VCH: New York, 1996; Vol. 8, pp 206–210.
o Webpage:
▪ Hallet, V. Scanning the Globe for Organic Chemistry. U.S. News and World Report [Online], April
19, 2004, p 59. Business Source Premier. http://www.epnet. com/academic/bussourceprem.asp
(accessed April 24, 2005).
Spectra (if applicable)
• Attach spectra obtained from instruments as separate pages.
• All peaks should be properly assigned even if is an impurity or solvent peak.
• All spectra should be properly labeled.

o

NMR:

OH

o IR:
Waste Tags
• Keep track of the waste you generate in each experiment by filling out a waste tag and including with your laboratory
report.
• Blank waste tags will be on D2L and the course webpage.
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SUPPLEMENTARY PROCEDURES
WEEK 1
1.

Check in: Be sure that your inventory is complete and clean. Dirty apparatus should be cleaned now; the following lab
periods will be much busier. Detergent (Tide) is in the dispensers by the sinks. A final rinse with distilled water will
eliminate water marks. Glassware with chips and cracks should be replaced now. Remember to keep glass stopcocks and
stoppers apart to prevent freezing.

2.

Operations: Your lab instructor will review the operations of the laboratory. Housekeeping is the responsibility of the
individual students. You are expected to return all common equipment (clamps, hoses, heaters, etc.) to their proper places
at the end of each laboratory period. Common areas such as hoods, balance areas, and melting point stations are to be kept
clean. Housekeeping duty rosters will be posted. Each bench station is to have one steam bath.
Be sure to store your equipment in your locker and to lock up each day. You alone are responsible for the contents of your
locker. Wipe down your bench top at the end of each period. Locks may be exchanged at any time.
If you have complaints about the neatness of the lab, tell the lab instructor at the start of the period; he will relay the message
to the instructor of the previous section who will assess the appropriate penalty. Remember though, that the next section will
be inspecting your housekeeping also.

3.

Your TA will demonstrate the basic operation of the FT-IR. The preparation of KBr disks will also be demonstrated. See
page 5a for details.

4.

Start your notebook. Remember to leave adequate space for a table of contents. Also leave space for running totals of
solvents (and amounts) used and wastes discarded (types and amounts). The major solvents used this term are lower
alcohols (C1-C3), hydrocarbons, ether, acetone, and dichloromethane.
Liquids Module

Spectroscopy
I.

NMR
The objective of this unit is to acquaint you with the basics of nmr spectrometer operation, although you will be
learning on one particular type of instrument, a Varian VXR 300 MHz NMR spectrometer.
Sample Preparation:
As in infrared spectrometry, one of the most critical operations is sample preparation. A poorly prepared sample is a
common cause for a poor spectrum. All NMR samples must be dissolved in a deuterated solvent for the instrument to lock on
to. The NMR tube should be clean and free of any extraneous sources of protons. It should be washed with the appropriate
solvent. What does that mean? Most H NMRs are run with CDCl3 as the solvent. This means the analyte compound was
soluble in chloroform, so chloroform will definitely work to rinse the analyte residue out (and into the Hazardous Waste
Container). If a more polar solvent was used (DMSO, methanol, acetone) than acetone is a good choice. Water can be removed
only with difficulty from the long narrow tubes, it should only be used for cleaning an NMR tube where there is no other choice
(residue is water soluble and completely insoluble in organic solvents) Rinse a used tube with the appropriate solvent and
shake it as you would "shake down" a clinical thermometer, pour the solvent into the Hazardous Liquid Waste Container.
Remove the residual solvent by heating the inverted NMR tube in an oven for an hour, in a beaker (labeled with your name).
Blow out the remaing vaporized solvent using the nirogen manifold on the east wall of the room. (Wear autoclave gloves to
handle the hot tube) Any unremoved solvent will of course give a signal (chloroform at 7.24 ppm, acetone at 2.1 ppm etc.).
Using a small (3” or 4” test tube), make up the solution using a drop or two, if a liquid, or 5-10 mg if solid, of analyte, plus the
1.2 mL of deuterated solvent. Transfer the homogenous solution to your NMR tube, filtering if necessary. A properly filled nmr
tube has a clear, solid-free homogeneous solution in the bottom 1.5 to 2 inches. Less gives poor spectra; more only wastes
solvent and sample. Never mix a sample up directly in your NMR tube! Do solubility tests using the regular protonated solvent,
before you use the expensive deuterated form. Deuterochloroform, CDCl3, is always the first choice. It is the least expensive
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NMR solvent, dissolves most organic compounds, and leaves only a small, residual proton signal. Other deuterated solvent
should only be used after CDCl3 is ruled out.
Each of you must get trained on the 300 MHz NMR spectrometer located in Room 125. One of the two NMR TA’s will
be training students in Room 125. Everyone must be trained by July 20, 2018. Also, each student must submit a spectra of
ethyl acetate to his/her TA by July 20, 2018, in order to receive the credit for spectroscopy. Sign-up in
“Communication>Groups” on D2L.
There will be a 50-point deduction for failure to get trained by the above date. The grades for spectroscopy (60 points)
will be based on the NMR spectra of the products from each of the following experiments:
Methyl 2-chloro-5-nitrobenzoate
(30 points)
2-Chloro-5-nitrobenzamide
(30 points)
The NMR spectra must be fully interpreted and the peaks should be assigned to the appropriate protons in the molecule. There are a
few points assigned for the quality of the spectra itself as well.
It is suggested that you would be prepared in advance since absences or other unplanned events may alter the original
schedule. It also may be possible to work somewhat faster than the schedule on page 2. If you read ahead, you will find exercises
that have long waits built into them. Careful planning will permit you to use those times efficiently.
II.

Infrared
The operation of most infrared spectrometers is very simple. The crucial operation in obtaining quality infrared spectra
is sample preparation. Spectra of solids are commonly obtained from solution (CCl4, CHCl3, or CS2), potassium bromide
wafers, and Nujol mulls. This semester you will obtain both a Nujol mull spectrum and a potassium bromide spectrum of
acetylsalicylic acid (aspirin). You must turn in the spectra of aspirin to your TA in order to receive credit for spectroscopy.
Nujol mull: The traditional mulling technique involves grinding the sample in a small mortar. Place 5-10 mg of sample in one
depression of a porcelain spot plate. Grind the dry sample with a 4" test tube for several minutes. Add one drop of mineral oil
(Nujol) and grind several minutes more. The finished sample should have the consistency of toothpaste. If the mull is too
thick, add another drop of oil and continue grinding. The secret to success is thorough grinding. An alternative procedure uses
a pair of clean, standard taper joints for grinding. Place small amounts of sample and mineral oil inside a female joint. Place a
glass stopper inside the joint with a twisting motion. Continue twisting and grinding until the proper consistency is achieved.
A properly prepared mull has all particles ground smaller than 2 microns. Otherwise, excessive scattering will occur, and the
peaks will have broad tails on the low frequency (wave number) side. The remedy is to grind the sample better. You may use
whichever procedure works best for you. The salt plates are brittle, but soft and water soluble. Use a rubber policeman to
transfer some of the mull to a salt plate. Place the other plate on the mull and press together gently. The mull should be slightly
translucent and cover the entire window uniformly.
If the compound you are analyzing is a liquid, place 1-2 drops onto one salt plate and quickly place the second salt
plate on top of the sample to sandwich it together.
To use the FT-IR, select control panels from the tools menu. If the current background is older than 15 minutes take a
new one. To do this set the control panel to background and click on scan (make sure your sample is not loaded at this point).
Next slide the cover back and place the salt plates (or the KBr press) in the sample holder. Close the cover and click on scan. If
the spectrum is acceptable, go to display, choose title and label your spectrum appropriately, then go to plot and print the
spectrum out. If the spectrum is not acceptable go to math and choose auto baseline. If the spectrum now appears acceptable,
go to title and proceed as before. If it is still not acceptable remove your sample and remake it. After you have plotted the
spectrum, clean the plates and return them to the instructor. Wipe the bulk of the material off with a Kimwipe. Do not wash
the plates with water. They are very soluble (35.7 g/100 mL) in water. Place a Kimwipe on 2-3 layers of paper towel. Put a
few drops of ethanol on one part of the Kimwipe and rub the plate in the ethanol. Dry the plate by sliding it onto a dry part
of the Kimwipe. Repeat this operation for the other three faces. Place the clean plates in the can between the foam and return
them to the stockroom. Include the spectrum, after interpretation (see Lehman, OP-39, p. 773), with your report.
Potassium bromide wafer: This spectrum is to be obtained during the synthesis module. The objective of this exercise is
to learn how to make usable KBr wafers for IR spectroscopy. Obtain a minipress from the stockroom. Weigh out less than 1 mg of
aspirin on the balance using a weighing boat. Add 100 mg of IR grade KBr and immediately close the bottle; it is hygroscopic.
Thoroughly grind the mixture on the white spot plate and prepare the wafer. Use less than half of the ground sample to make the
actual pellet. (Lehman, OP-39, p. 783). Use the controlled torque wrench attached to the bench in the Lab. Remove the bolt and
examine the results. If the wafer looks like waxed paper, run the spectrum. If it is opaque, pop out the wafer and try again, grinding
more thoroughly. Potassium bromide spectra frequently display water peaks near 3450 cm-1 and 1640 cm-1. The water may have
been in the sample or the KBr, or may have been introduced during preparation of the wafer. Drying overnight at 120° will remove
water from KBr. Aspirin decomposes under these conditions. Replace covers immediately after each use. The press is made from
hardened steel bolts. They are not known for corrosion resistance and halides are very corrosive to steel. Wash the holder and bolts
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thoroughly with distilled water. Rinse away the residual water with acetone. For extended storage (i.e., overnight), a thin film of oil
will be applied to the bolts.
Advanced Total Reflectance (ATR): An ATR attachment is a quick and effective way to obtain an infrared
spectrum while being able to recover your sample material. Place a few milligrams of sample on the ATR crystal and screw
down the anvil gently. DO NOT OVERTIGHTEN!

Melting Point Experiment
Pre-Lab: OP1-6 (pp.586-599), OP33 (pp.737), Appendices I-VII (pp.833-872), Introduction and Safety (pp.1-30)
We have provided purified samples of naphthalene (80.2° C), benzoic acid (122.24° C), and salicylic acid (158.3° C) for the
calibration of SMP30 melting point apparatus. Although there are many ways to obtain melting points we will only describe
the one which you will be using in CEM 355. By following these steps, a good melting range may be obtained.
1) Obtain a melting point capillary tube. These have one end sealed.
2) Tamp the open end of the tube into a small pile of the compound whose melting point you plan to measure.
3) By tapping the closed end gently on a book, the compound will be forced to the bottom of the tube. Only 0.5 mm of
compound are needed.
4) Find an unused melting point apparatus SMP30, and write down the instrument ID–number as they each have individual
numbers (1-40). You should remember to always use the same melting point apparatus in future. Read the instrument
instruction and take melting points for naphthalene, benzoic acid, and salicylic acid. Assuming a melting point of 0.0 for ice,
draw a precise graph of your observed values (X-axis) vs the literature vaues (Y-axis) for naphthalene (80.2° C), benzoic acid
(122.24° C), and salicylic acid (158.3° C). You should also write up a consice directions for using the SMP30 melting point
apparatus as part of your lab report.
Post Lab:
1. Why might the melting point of a compound vary from its known literature value? What causes this change?
2. How might the heating rate effect the observed melting point? Why?
3. How much sample is ideal for a melting point determination? What might happen if too much sample is used?
4. What is the optimal method for determining melting point using the SMP-30s?
A. Distillation
Pre-Lab: OP7-12 (pp.602-621), OP30 (pp.710-719), OP31 (pp.719), OP32 (pp.727), OP34 (pp.744-747), OP37 (pp.758768), Knowledge of OP 1-10 is also assumed.
This exercise is intended to develop your skills in and understanding of the technique of distillation. Each portion
should be performed in such a manner that the best separation is achieved.
First distillation. Distill approximately 50 mL of equimolar acetone/ethanol through a simple distillation apparatus. Clamp
the NECKS of the 100 mL round bottom distilling flask and the vacuum adapter. These are the best two places to clamp in
view of the cost of this apparatus! See Figure E6 on pp. 714. Grease is not required provided the apparatus is disassembled
promptly at the end of the distillation. Heat is to be provided by heating mantle supported by an iron ring positioned to allow
rapid removal if the rate of distillation becomes excessive. Using a 100 mL graduated cylinder as a receiver allows the
collection of continuous temperature (ordinate) vs. volume (abscissa) data.
When your apparatus is complete, have your instructor check it. Then introduce the equimolar solution and a pair of
boiling chips by removing the thermometer and thermometer adapter. Use a short-stemmed funnel to direct the liquid to the
boiling flask. Finally, replace the thermometer, turn on the water gently, and start heating.
The most commonly asked question at this point is "What is the correct setting? "The answer is "It depends." The
amount, heat capacity, boiling point, and heat of vaporization of the liquid, the size of the flask, the initial temperature, the
electrical characteristics of each of the controllers and heating mantles, and the rate of boiling all affect the "right" setting. The
settings must be determined by experiment and adjusted as conditions warrant it. Think of the controller as an accelerator
pedal. Use a high setting when first starting, then reduce the setting as bubbles begin to form. The best separation will occur if
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condensate forms at the rate of one drop every 1-2 seconds. If you "over-accelerate" and the rate of distillation exceeds this, turn
off the controller and lower the mantle for a few minutes to allow the excess heat in the mantle to dissipate.
Collect a small sample of the distillate in a clean and dry vial before 10 mL have been collected. This sample is to be
analyzed the same day on a gas chromatograph. Stopper the vial securely if a G.C. is not immediately available.
Take frequent readings of boiling point vs. total volume collected. The data is to be recorded directly into your
notebook. Prepare a plot of the data simultaneously, using enough points to permit drawing a smooth curve. An ordinate
(vertical) scale of 40-90° C should be adequate. Holding the notebook sideways will allow more room for a 50 mL abscissa.
The completed graph is to be submitted before leaving.
Continue distilling the mixture until about 5 mL of the liquid is left in the distilling flask. Heating a flask to dryness
frequently bakes on a residue which can be removed only with extreme measures. Sometimes, if a cold drop of refluxing liquid
falls into a hot dry flask, the thermal shock will crack the glass. Also, hydroperoxides, such as those commonly formed by
ethers, become explosive when heated to dryness.
Return all distillation liquids, including any still-pot residues and the remaining G.C. sample to the Hazardous Waste
Container. Storing flammable solvents in lockers creates an unnecessary fire hazard. As the only compounds put in the
glassware were low boling solvents, drain any excess into the Hazardous Waste Container and let the residual solvent
evaporate until your next lab period.
Submit an empty, labelled large vial. This will be used to issue the limiting reagent for the cyclohexene synthesis. PUT
EVERYTHING AWAY AND LOCK UP!
Second distillation. Repeat the same distillation, with one variation. Insert a Claisen adapter with an unpacked Liebig column
(the "fat condenser") in the side opening between the distilling flask and the stillhead. Clamp the stillhead also, since this
apparatus is quite tall, but be sure that all joints are closed. Stopper the center opening after introducing 50 mL of the
equimolar solution and a pair of boiling chips.
Collect the same types of data as last time, both G.C. and boiling point vs. volume of distillate. Can you determine the
volume ratio of the mixture better this time, based on your temperature/volume graphs? Clean up procedure is also the same.
Remember to return the flammable liquids.
Third distillation. Repeat the same distillation a third time, but with a packed column in place of the unpacked column. The
column should be loosely packed with shredded copper foil. Be careful not to break the support "nibs" near the bottom of the
Liebig condenser. Packing too tightly will probably result in a flooded column and a poor separation, or cause the distillation to
take much longer.
Fourth distillation. Microscale distillation using a spinning band in a Hickman-Hinkle still.
a)

Check out a Hickman-Hinkle apparatus and a Teflon spinning band from the stockroom. Assemble a Hickman-Hinkle
distillation apparatus as shown below. Use a 5 mL conical vial for distilling flask. Add 2.0 mL of the acetone-ethanol
mixture to the 5.0 mL conical vial and distill until the well of the Hickman-Hinkle condenser is full. Allow the
system to cool down and draw 0.5 mL from the side arm of the Hickman-Hinkle and collect the data from the GC as
before.

b)

Place a fresh 2.0 mL portion of ethanol-acetone mixture and a Teflon spinning band in the 5 mL conical vial,
assemble the Hickman-Hinkle apparatus, and repeat the above experiment. Compare the results of part a and b.
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Data analysis. For the case where the initial acetone/ethanol mixture is equimolar, the Fenske equation (p. 74, 713) may be
rewritten as:

Derive this expression from the Fenske equation. Examine your volume-temperature plots and decide where you
should have changed receivers if you wanted to collect "pure" acetone and "pure" ethanol separately. Although the first
distillation is called a "simple" distillation, considerable fractionation occurs in the region between the liquid surface and the
side-arm. Your TA will demonstrate the use of a syringe to collect a small sample of the vapor just above the boiling equimolar
mixture. This sample will be used to determine the relative volatility, , of the equimolar mixture. Your TA will also
demonstrate the use of the G.C. with "authentic" equimolar acetone/ethanol to collect data for calculating response factor. Use
the TA data to calculate , then calculate n for your distillations. Xerox copies of these data will be distributed. The final
report, due the fourth day, should include the number of theoretical plates in each of your distillations and any appropriate
conclusions.
Post Lab:
1. Calculate ‘n’ for each distillation using the Fenske equation.
2. Which distillation gives the purest product? Why? What data supports this?
3. Does the data support or vary from theory? What does this suggest?
4. If you had the opportunity to perform this experiment again, what would you modify to improve your results? (Think in
terms of experimental steps, i.e., set up, heating parameters, etc.)
B. Synthesis of Cyclohexene
Pre-Lab: OP18 (pp.635-645), OP24 (pp.678-680), OP25 (pp.680-685), OP32 (pp.727-737), OP34 (pp.744-748), OP35
(pp.748-752)
You will be issued a 20 mL sample of cyclohexanol (d=0.963). Slowly distill a mixture of the cyclohexanol and 10
mL 85% H3PO4 through an unpacked fractionating column. Cool the 50 mL R.B. receiver in a beaker of ice water to reduce
loss of product. The cyclohexene (83°) and water boil well below cyclohexanol (161°). When the rate of product formation
drops, the still pot residue turns amber, and white fumes appear, stop the heating immediately. Cool the still pot briefly, add 20
mL of xylene through the Claisen adapter and resume heating until the temperature approaches 130° C. Caution: Hot xylene
will dissolve polyethylene; don't use a plastic stopper.
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Working in a hood, wash the product (OP 18, 24) with an equal volume of saturated aqueous sodium chloride,
remove water from the separated upper layer with sufficient anhydrous sodium sulfate (OP 25), and fractionally distill (packed
column) the cyclohexene from the xylene. A trace of water (cloudiness) may be removed with some more sodium sulfate.
Record the boiling point range and yield of your product.
All distillation residues--from both distillations--go to the Hazardous Waste Container. The saturated salt water from
the extraction may go down the drain. The sodium sulfate and filter paper should be wrapped in a paper towel and placed in the
Hazardous Solid Waste Container. Submit the product in a properly labelled, well-sealed vial.
If you take 2 days to complete this exercise, seal your product securely. A sound cork which has been softened in the
cork roller makes an excellent seal. The 19/22 plastic stoppers are ok for short term storage. Glass stoppers tend to get stuck.
Plastic wrap (e.g., Glad or Saran) is very porous to organic molecules.
Post Lab:
1. What role does xylenes play in this distillation? What kind of distillation is this considered?
2. What steps did you take to maximize your yield and purity?
3. How can you determine your yield while minimizing loss of product?
4. If you had the opportunity to perform this experiment again, what would you modify to improve your results? Consider the
experimental set up, process, and analysis.
Solids Module
Thorough understanding of the basic operations (OP 1-12) is assumed for this set of units. The individual units may
be done in any order, as long as the recrystallization unknown is done last.
A. Thin Layer Chromatography
Pre-Lab: OP22 (pp.665-673)
Chromatography is a method of separation of compounds based on the principle of phase distribution. There are
several different kinds of chromatography: thin layer, column, gas, paper, and liquid chromatography are among the most
common types used in organic chemistry. All methods of chromatography involve the partitioning of a substance between a
stationary phase and a mobile phase. In paper chromatography the paper itself serves as the stationary phase and the eluting
solvent as the mobile phase. In thin layer chromatography the stationary phase is the silica gel layer, the plate only serving as a
support, while again the eluting solvent functions as a mobile phase.
The stationary phase absorbs compounds by molecular interactions between functional groups on the stationary phase
and the analyte compound. The commonly used stationary phases are polar. Thus, in most forms of chromatography polar
compounds are held more strongly by the stationary phase. Therefore, in order to elute increasingly polar compounds a mobile
phase of greater polarity is needed. This property defines an eluatropic series. It begins with nonpolar solvents and proceeds
gradually to the most polar organic solvent, methanol and finally water. The ability of a solvent to elute a given substance from
a stationary phase depends on that solvent's eluting power and thus its polarity.
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When a drop of ink is analyzed by paper chromatography, the different components of the ink are adsorbed with
different strengths by the stationary phase. A component that is more soluble in the mobile phase (less polar, weakly absorbed
by the stationary phase) will travel farther, in the same amount of time, as a component that is less soluble (more polar,
strongly absorbed by the stationary phase) in the mobile phase. This can be quantified by measuring the retention factor or R f,
for a compound. The Rf can be calculated by dividing the distance the compound of interest traveled by the distance the solvent
front traveled.

Fig. 1 shows a developed TLC plate. Note that the compounds on the developed plate are not all perfect circles. To
measure the Rf of a spot, measure the distance traveled from the origin to the front of the spot. Measure the solvent front
distance immediately after removing the TLC plate from the developing chamber, solvent evaporate quickly! If the solvent front
travels 10 cm and compound one traveled 8 cm, what is the Rf of compound one? Using the formula above: 8/10 = 0.8, so 0.8
is the Rf of compound one in the solvent system used. The same compound is likely to have different Rf’s in different solvents.
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As most organic compounds are white or colorless, detecting the position of each compound after a chromatogram has
been run involves one more step: development. Often the desired compounds can be made detectable by exposure to a chemical
reagent. Iodine is often used as it reacts with many different functional groups to produce colored, and thus visible compounds.
By placing the TLC plate in a chamber with a few iodine crystals the analyte will become visible. Another method involves
using TLC plates that contain a UV-active dye. When the finished chromatogram is viewed under a UV light, the spots of
compounds block the dye and show up as dark spots. Careful marking of the spots' positions under the UV lamp gives a
permanent record.
I.
Preparation of Thin Layer Chromatography (TLC) Plates TLC plates are available commercially and are sold in
a ready-to-use form. The TLC plates used in this experiment are manufactured by Whatman Co. and have a flexible plastic
backing which are coated with silica gel and a fluorescent indicator. This allows one to view the compound(s) on the TLC plate
when it is exposed to UV-light at 254 nm.
Prepare several pairs of capillary micropipettes while the plates are drying. Make sure no one is using ether anywhere
in the lab before you light up. Hold the middle of an open-ended capillary tube in the hottest part of a micro burner flame until
a one-inch portion of the tube is very soft. Remove the tube from the flame, wait one second and then pull the ends apart
rapidly. A flexible 10-20 cm piece of capillary should have formed. Discard the center portion, but keep about 3-4 cm of the
fine capillary attached to the "handle" ends. If the flow is too slow, some of the fine capillary can be
broken off. The most common causes of failure are not heating the glass enough or pulling apart while still heating. It usually
takes several tries until the techniques are mastered. Remember to put the scraps, failures, and used capillaries in the
BROKEN GLASSWARE bucket.
In this experiment, each student is given a two or three component unknown mixture from the list below:
Benzophenone
Biphenyl
Triphenylmethanol
Salicylic acid
Methyl benzoate

The objective of the experiment is to identify the unknown correctly using the TLC technique.
Spotting technique - Dissolve about 10 mg of the unknown mixture in 0.5 ml of a volatile solvent such as acetone or
methylene chloride.
Using a micropipette, apply a spot of your unknown mixture about one cm from the bottom of a TLC plate. Check
under a UV-light to make sure that you have enough compound on the TLC plate. The size of the spot should not exceed 2mm
in diameter (this size: "O"). Allow the spot to dry completely (2-5 minutes depending on the solvent used to dissolve the
mixture). The developing chamber is made by lining the inner side walls of an absolutely dry beaker (150, 250, or 400 ml)
with a strip of paper towel, adding 1/2 cm of developing solvent and covering with a water glass. The paper helps to saturate
the chamber with the solvent vapor which in turn reduces the amount of evaporation from the TLC plate and gives better
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separation. Give the chamber about 10 minutes to equilibrate before placing TLC plate. Several plates can be developed in
one chamber. Careful not to add too much solvent into the developing chamber because the spots on the TLC plate must not be
immersed in the solvent of the chamber. Why?
By trial and error, find a solvent system to separate the three components from each other. Please note that the most
polar spot must be risen above the origin in order for the results to be meaningful. Why? What solvent system would be
appropriate? Answer: it depends on the mixture. Most people start with a solvent system and based on the result obtained,
either increase or decrease the polarity of solvent until the components of the mixture are separated. For instance, if one starts
with a 10% ethyl acetate: 90% hexanes as the solvent system and the spot is still at the origin, then he/she must increase the
polarity of his/her solvent by changing the concentration of ethyl acetate to 20% and so on until the components of the mixture
are separated.
The identification of the unknown components is best achieved by spotting the known compounds (prepared by
dissolving 10 mg in 0.5 ml of a volatile solvent) along with your unknown mixture on the same plate (Figure 2). You need to
leave enough space between the spots so that they do not come in contact with each other.

After eluting a TLC plate in the developing chamber, look at it under a UV-light and carefully circle each of the spots
with a pencil and determine the Rf value for each. The spots with the similar Rf value are the same compound. For instance, in
Figure 2, the unknown mixture contains benzophenone since the middle spot on plate "b" has a matching R f value with that of
benzophenone. Furthermore, the analysis of plate "b" indicates that the unknown mixture does not include any biphenyl.
Therefore, additional plates should be spotted with the remaining compound until "a match" has been identified for the
remaining spots.
Three points of this experiment will be based on the correct identification of your unknown. In your lab report, you
should include a diagram of the TLC plates. Make sure to write down your unknown number which is the last four digits of
your student I.D. and clearly specify each of the components.
Example:

Unknown No: 5291
Unknown Components:
benzophenol
triphenylmethanol

Post Lab:
1. If your compound does not travel far by TLC in dichloromethane, what solvent should you try next to get good
development?
2. What will happen if your solvent in the solvent chamber is above your origin and spots?
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3.
4.

How might TLC be useful in ways other than identifying an unknown compound when comparing with standards?
If you had the opportunity to perform this experiment again, what would you modify to improve your results? Consider the
experimental set up, process, and analysis.

B. Column Chromatography
Pre-Lab: OP16 (pp.629-634), OP21 (pp.656-665), OP26 (pp.685-690), OP28 (pp.692-707), OP29 (pp.707-710)
This unit requires a single three-hour time block. Obtain a clean and dry chromatography column by presenting your
MSU student ID at the stockroom window. Any cloudiness on the column is due to traces of alumina powder and will not
interfere with the separation. Water will totally destroy the separation. Fill the column to the base of the bulb with 10 percent
ethyl acetate/ 90 percent hexanes mixture after setting your column as instructed by your TA. Then add in order, a 1/4-inch
layer of sand, slurry mixture of 15 g of powdered freshly baked alumina and the 10% ethyl acetate/ 90% hexanes mixture (the
eluent), and finally another thin layer of sand. Pour the slurry slowly through a glass funnel to prevent blocking the column.
Once the alumina is packed down, add another 1/4 inch of sand on top of the alumina. The level of eluent must never go below
the upper sand layer as this would “shock” the column and would ruin your separation. Drain the excess 10 % ethyl acetate to
the top of the upper sand layer. This clean solvent misture may be used to start the elution of your sample mixture
(fluorine/fluorenone).
Dissolve 0.25 gm of your fluorene/fluorenone mixture in the minimum amount of 10 % ethyl acetate and carefully,
transfer the solution to the top of the upper sand layer with a long Pasteur
pipette. Once the sample is transferred and drained into the sand, add the
eluting solvent in small portions with the pipette until the sample is
embedded in the alumina layer. Continue adding solvents so that the
column doesn't go dry at any time. Collect at least 3 mL (or smaller)
aliquots of eluent mixture until the yellow spot (fluorenone) gets closer to
the lower sand level. Complete the elution with 10 % ethyl acetate mixture,
until no more yellow product is obtained. The volatile solvents are to be
removed by distillation on a steam bath or via a rotary evaporator. Do not
evaporate the ethyl acetate mixture into the laboratory atmosphere. They are
toxic. Remember that the products melt below 100° and may also sublime;
don't leave the flasks on the steam longer than necessary. Redissolve those
aliquots that contain appreciable amounts of the first (white, fluorene)
product and transfer the solutions to a 10 mL pear shaped flask with a
pipette. Again carefully remove the solvent over steam and under a hood.
The next step involves using glassware under vacuum. Be sure that there are no cracks in any of the glassware, and take care
that you do not bang it while it is being evacuated. Evacuated glassware may implode, showering you with glass fragments.
All occupants of the lab must have eye protection on while this operation is in progress. Assemble a microscale sublimation
adapter (right). Place the microscale sublimation adapter into the 10 mL pear shaped flask containing the solids to be sublimed.
Adjust the condenser tube about 2-3 mm above the solids inside the pear shaped flask. Clamp the assembly above the rings of
a steam bath and draw a strong vacuum for about one minute to remove the last traces of solvent. Remember to use a trap (p.
630) to prevent water being drawn back into the product. Once the last traces of solvent have been removed, pack the
condenser tube with ice/water and start heating the filter flask. Replenish the ice as needed, pipetting out the excess water.
When the sublimation is completed, carefully disconnect the vacuum hose from the side arm before turning off the
aspirator. Carefully remove the sublimation adapter and scrape the pure solid into a tared vial. Determine the recovery and
melting point.
Recrystallize your second solid residues (yellow, fluorenone) in a 4-inch test tube from ethanol/water. (OP 28) Small
amounts of crystals are best separated by centrifuging and removing the mother liquor with a pipette. Dry the pure material,
and determine this melting point also.
Drain any remaining liquid from the column, and working in the hood, blow the solid out into the Hazardous Solid
Waste Container with compressed air. Aim carefully or clean up the mess afterwards. Wash the column with water and a buret
brush. Please return it as soon as possible so that the stockroom personnel can get it ready for the next section.
Post Lab:
1. What steps can you take as you prepare your column to ensure a good separation of your sample?
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2.
3.
4.

C.

When performing column chromatography on a new/unknown mixture of compounds, what should you do first to ensure
you can get a good separation?
How do you determine an appropriate recrystallization solvent?
If you had the opportunity to perform this experiment again, what would you modify to improve your results? Consider the
experimental set up, process, and analysis.

Extraction
Pre-Lab: OP18 (pp.635-645), OP25 (pp.678-680)

CAUTION: You will be working with many HIGHLY FLAMMABLE liquids. NO FLAMES (e.g. Bunsen burners) are
allowed anywhere in the lab.
I.
Introduction. Both components of this extraction mixture are solids. This simplifies isolation and purification of the
separated components. Save and label all solutions until you have isolated both solids. Extractions tend to be messy and
smelly. Work in a hood. Do not oven dry the samples.
II.
Separation of the Organic Acid. Weigh out 2.0 ± 0.2 gm of the solid extraction mixture and thoroughly pulverize
the solid on a piece of smooth weighing paper. Combine the powdered solid, 30 mL of diethyl ether (a.k.a. ether - HIGHLY
FLAMMABLE), and 30 mL of 0.25 M sodium carbonate in a 200 or 250 mL Erlenmeyer flask. Vigorous swirling should
dissolve the solid. An occasional boiling chip may be encountered, since the mixture is made from recycled student products.
Assemble a separatory funnel by lightly greasing the glass tumbler or by properly tightening the nut on the Teflon
stopcock. See your TA for assembly details. Support the funnel with an iron ring and close the stopcock. Decant the double
solution prepared above into the funnel. Any insoluble matter should be left in the flask. Rinse the flask clean with water and
discard any residue. Allow the two layers to settle, then drain the denser aqueous base layer (but not any remaining emulsion)
into a 400 mL beaker.
Extract the ether layer with another 10 mL of 0.25 M sodium carbonate solution. Shake the mixture thoroughly as
described in the text. Allow the layers to separate and drain the aqueous layer into the 400 mL beaker. Keep the emulsion
layer with the ether. The beaker now holds all of the organic acid, in solution as its conjugate salt, RCO2--, Na+. Drain the
ether layer containing the neutral compound into an Erlenmeyer flask, add some sodium sulfate and stopper it.
III.
Isolation of the Organic Acid. If the carbonate layer is cloudy, filter it into a 250 mL Erlenmeyer flask through a peasized ball of loose cotton in a glass funnel to remove these trace impurities. The impurities are coarse enough to be trapped by
the cotton. Acidify the clarified sodium carbonate solution of the organic acid with 10 mL of 2M H2SO4. Add the acid slowly
and with swirling, as the mixture will evolve much CO2. Before you come to lab, calculate the theoretical volume of CO2 which
will be generated. The solution should now turn blue litmus pink. If the solution is not yet acidic, add a little more acid, mix
well, and retest with litmus paper.
Organic acids precipitated this way form very fine particles and filter only very slowly. Don't bother trying to collect
the solid at this point. Instead it is easier to extract the organic acid back into ether. Question: Why is the organic acid ether
soluble/water insoluble while in the presence of sodium carbonate it is water soluble/ether insoluble?
Extract the acidified water layer with 30 mL of ether. (Your recovery will be improved if you pour the acidified layer
into the separatory funnel and then use this ether to rinse any residue in the beaker into the separatory funnel.) Drain the water
back into the beaker and save the 30 mL of ether in an appropriately sized Erlenmeyer flask. Repeat the extraction of the water,
this time with another 10 mL of ether. Discard the water layer and add the 10 mL of ether to the 30 mL. This combined ether
layer now has all of the organic acid. Do NOT combine these ether extractions with the neutral extract of step II.
IV.
Purification of the Organic Acid. Dry this ether layer by adding just enough sodium sulfate to combine with all the
remaining water. Clean up a bit while the sodium sulfate absorbs any water dissolved in the ether. (Ether can dissolve 1.2%
water at 20° C.) Filter the dried ether solution into your 100 mL distilling flask. Assemble a still (diagram) and remove the
ether by heating with a steam bath. Heat with only the minimum amount of steam or it will boil over. When no more ether
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distills, remove the distillation apparatus and reposition the condenser for refluxing. If the residue forms a solid lump, break it
up carefully with a glass rod, add a small amount of ethanol and reheat. To recrystallize, dissolve the solid in the minimum
amount of ethanol while heating. Add DI water dropwise until a slight cloudiness appears, and then add just enough ethanol to
make the solution clear again.
Pour the hot saturated solution into a warm Erlenmeyer flask, stopper and allow to cool slowly. Scratching may be
needed to start crystal growth. Check with your instructor. Once crystallization has started, the process should be completed by
clamping the flask in an ice bath. You might also let this stand until the next lab period. This crystallization is slow! Plan on
icing for at least 15 minutes. Collect the "free acid" by suction filtration (Hirsch). Use the clear filtrate (mother liquor) to rinse
any remaining solids into the funnel. Dry and package the product in a vial. The filtrate goes into the Hazardous Waste
Container.

V.

Isolation of the Neutral Compound.
Examine the Erlenmeyer containing the ether solution of the neutral compound saved in step 2. This drying agent has
also eliminated the dirty emulsion by absorbing all the water in it along with any remaining solid particles. Note any changes
in the appearance of both the granular solid and the solution as you swirl the mixture. Assemble a distillation apparatus,
remove the stopper, and filter (gravity) the dried solution into your 50 mL distilling flask. Remember to attach the thin-walled
water hoses to the condenser before assembling the apparatus. The used sodium sulfate may be discarded. Add 1 or 2 boiling
chips, restopper the Claisen adapter, turn on the condenser water and heat solution with steam until boiling virtually ceases.
Collect this ether in your 250 mL round bottom flask also. The distilled ether goes into the Hazardous Waste Container. The
neutral compound will be a yellow oil at this point.
Dismantle the distillation setup and heat briefly with the stillhead removed to eliminate the last few drops of ether.
Failure to remove all of the ether interferes with the crystallization steps. Mount the condenser directly on this same flask for
refluxing. Add 10 mL of methanol to the colored, oily distillation residue and bring the mixture to a boil. Continue heating and
add water slowly until a trace of permanent cloudiness is present. It may require up to 5 mL. Add just enough methanol
dropwise to remove the cloudiness. Cloudiness here may also be caused by residual ether. If boiling is erratic add one more
boiling chip. Pour the hot solution into a clean, dry, and warm 50 mL Erlenmeyer flask and set the solution aside to crystallize
as you did last time. After 10 minutes of slow cooling, the flask may be clamped in ice water to complete the crystallization.
Collect the crystalline neutral compound by suction filtration (Hirsch). Use an empty filter flask, since this solution
should be kept separate from the ethyl acetate-cyclohexane of Part IV. The filtrate goes into the Hazardous Waste Container.
Submit the solid "Neutral Compound" in a properly labelled vial.
VI. Determine the melting points: the recrystallized acid, the recrystallized neutral compound and the starting mixture.
All three can be done at the same time - there are three holes.
Post Lab:
1. How does the extraction performed in this experiment enable a separation of two organic liquids?
2. How can you determine which layer is the aqueous and which is the organic in an extraction?
3. Theoretically, how could you determine how many extractions you need to do to achieve a good separation?
4. If you had the opportunity to perform this experiment again, what would you modify to improve your results? Consider the
experimental set up, process, and analysis.
D.

Recrystallization OP 28 (p 792)
Pre-Lab: OP15 (pp.626-629), OP16 (pp.629-634), OP28 (pp.692-707)

You will be given approximately 2 gm of a contaminated solid which can be recrystallized from water, ethanol/water,
or ethanol. You will need to evaluate these solvents both while hot and while cold. The only colored contaminants are red or
pink. Some unknowns are a pale yellow or tan. Purify the solid and determine the melting point. You may recrystallize the
sample as often as time and ambition permit. Your grade will depend upon the appearance of the purified product in a vial and
on your reported melting point of the sample in the vial. In order to reduce the amount of chemical fumes in the laboratory air,
all crystallization solutions are to be prepared in round-bottom flasks with reflux condensers. Hot filtrations will be done by
gravity with preheated apparatus to prevent crystallization in the funnel.
Your report should include the amounts and disposal method of the mother liquors. Do the amounts discarded
balance the amounts taken from stock? Can you explain any discrepancies? This product is graded on both your reported
melting point and the crystalline appearance of the product.
Post Lab:
1. What steps did you take to determine an appropriate recrystallization solvent or solvent pair?
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2.
3.
4.

How do you determine how much solvent is required to recrystallize your sample? If you have more sample, will you need
to use more solvent?
Once you have obtained crystals, how should you decide which solvent to use to rinse your crystals?
If you had the opportunity to perform this experiment again, what would you modify to improve your results? Consider the
experimental set up, process, and analysis.
Synthesis Module

I. Synthesis of Benzopinacolone
Pre-Lab: OP26 (pp.685-690), OP39 (pp.773-802)
In this reaction benzophenone goes through a photochemical dimerization/reduction to form benzopinacolone in the presence of
isopropyl alcohol.

A.

Preparation of benzopinacol

Add 2.0 gm benzophenone and 10 mL 2-propanol in a 8-inch test tube and heat over a steam bath until a
homogeneous solution is obtained. Label your test tube with your name and section number, add two drops of glacial acetic
acid, place a cork on the test tube, and submit it to your TA for irradiation in a photochemical reactor. After the irradiation is
completed and the mixture is cooled to room temperature, filter the crystals (benzopinacol) suspended in the solution, dry them
thoroughly, and take the melting point of it.
B.

Preparation of Benzopinacolone, Pinacol Rearrangement

In a 50-mL round bottom flask, add 1.0 gm of benzopinacol, 6 mL acetic acid, and one small crystal of iodine and
reflux for 15 minutes using a heating mantle or thermowell. Cool the reaction vessel to room temperature, add 6 mL of
ethanol, and chill the flask in an ice bath for 5 minutes. Collect the benzopinacolone crystals by suction filtration and rinse the
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crystals with small amount of cold ethanol and determine its percent yield and melting point. Make a KBr pellet of each of
bezopinacol and benzopinacolone and obtain an IR spectrum of them. Compare the IR spectrum of bezopinacol with that of
benzopinacolone. You should carefully assign the IR-peaks to the appropriate stretching/bending vibrations.
You should turn in the IR spectra and a sample of bezopinacol and benzopinacolone in labeled vials to your TA.
Post Lab:
1.
This experiment is analyzed using IR spectroscopy. Discuss the spectra you obtained, identifying all relevant peaks.
How do the spectra of the starting material and product differ?
2.
Draw out and discuss the mechanism of benzopinacolone formation from benzopinacol, labeling the intermediates A, B,
C, etc.
3.
The pinacol rearrangement is well known in organic chemistry. Explain the driving force for this rearrangement.
Consider using a reaction coordinate diagram to compare the relative energies of the intermediates you identified above.
4.
If you had the opportunity to perform this experiment again, what would you modify to improve your results? Consider
the experimental set up, process, and analysis.
II. Microscale Grignard Reaction Experiment
Pre-Lab: OP11 (pp.619-621), OP12 (pp.621-623), OP39 (pp.773-802)
Background and Discussion
The Grignard reaction was one of the first organometallic reactions discovered and is still one of the most useful
synthetically. By reacting an organohalide (usually a bromide) with magnesium in ethereal solvent, carbon becomes a
nucleophile—and the starting point for many efficient syntheses. Grignard reagents are the starting points for many syntheses
of alkanes, primary, secondary, and tertiary alcohols, alkenes, and carboxylic acids.
The formation of Grignard reagents are extremely sensitive to moisture, therefore it is imperative that all apparatus
and glassware used for their preparation be as dry as possible. Phenyl magnesium bromide is one of the easier Grignard
reagents to prepare. As bromobenzene is relatively inexpensive phenyl magnesium bromide may be used economically in
excess. Also, competing coupling reactions, to form biphenyl are not a major concern.
Triphenylmethanol is synthesized by reacting phenyl magnesium bromide with an ester of benzoic acid. The particular
ester (Me or Et being most common) does not affect the final product, as the alcohol group is lost during the reaction. As ester
consumes two equivalents of Grignard reagent, and the stochiometry of the reaction is:

The initial reaction, between the magnesium and the alkyl halide to form the Grignard reagent, takes place via a radical
mechanism. The presence of free radicals leads to the generation of biphenyl as a byproduct. The Grignard reagent reacts with
remaining unreacted alkyl halide to give the dimer. Byproduct formation is increased by an increase in concentration of the
starting alkyl halide solution.
The second step in the Grignard reaction is much simpler mechanistically (Fig. 3). The electropostive magnesium
adjacent to the carbon, causes the carbon to behave as a carbanion and thus, behave as a nucleophile. The Grignard nucleophile
attacks the ester carbonyl with a resulting loss of alkoxide, II. This generates an intermediate ketone, III, that is generally not
isolable. Instead, a second Grignard nucleophile attacks the newly formed ketone carbonyl and generates the final alkoxide, IV.
The free alcohol is generated after acidic workup, to give the final product, triphenylmethanol, V.

- 24 -

RO

d+ MgBr
d-

O
RO

I

MgBr
O

II

MgBr

O

O

d+ MgBr
d-

IV

III
H

OH

V

Fig. 3 The Mechanism of Grignard Reaction
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Fig. 4 Grignard experimental setup
Caution: Preparation of the Grignard reagent, its addition to an ester and acid hydrolysis to the final product are all highly
exothermic reactions. Mix the reagents slowly and be prepared with a water-ice bath to moderate any over-exuberant reaction.
Ether fumes will ignite if they touch any surface over 200° C (auto ignition temperature). No flames will be permitted
anywhere in the lab. Measure out the required amounts of ether as needed in the hood. Do not leave open beakers or bottles of
ether on your bench top.
Experimental
All glassware used in a Grignard reaction must be scrupulously dried. Dry the following glassware in an oven at
110° C for at least 30 minutes: drying tube, Claisen Adapter, 8 mL conical vial, 5 mL conical vial, distilling column (air
condenser), and a magnetic spinvane.
Assemble the oven dried apparatus as shown in Figure 4. Weigh 53 mg (2.2 mmol) magnesium turnings (Mg,
Grignard grade). Remove the air condenser assembly and quickly add the turnings to the 8 mL conical vial. Immediately add
2.0 mL of anhydrous ether and 260 L (2.5 mmol) bromobenzene to the vial. Support the bottom of the vial with a cork stopper
and press firmly on the Mg turnings with a clean, dry glass stirring rod repeatedly to expose fresh metal to induce the reaction.
When the reaction starts, the solution will turn cloudy, then amber and boil spontaneously. Check with your instructor if you
cannot get your reaction to start. Add a spinvane to the reaction vial, replace the air condenser assembly, and tighten the cap
seal. Adjust the reaction vial on a hotplate stirrer and begin rapid stirring. Most of the Mg will be gone and the solution will
appear dark amber after 10 minutes. Heat slowly to reflux (hotplate setting approximately at 1.5) for an additional 10 minutes.
Then cool the reaction mixture via an ice bath for 5 minutes.
Dissolve 0.125 mL of methylbenzoate in 1.0 mL anhydrous ether in a 5 mL conical vial. Draw the methyl benzoate
solution into a clean dry syringe. Place the syringe containing methyl benzoate solution in the septum of the cap of the Claisen
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adapter and add the solution dropwise over 1-2 minutes. Vigorous stirring of the reaction vial contents is essential. Stir at room
temperature for 15 minutes and then warm to reflux for an additional 15 minutes.
Cool the reaction vessel to room temperature and add 1 mL of dilute HCl. All solids should dissolve; if not, add 0.5
mL more dilute HCl. Stir the reaction mixture for 3-4 minutes.
Insert a small piece of cotton inside the tip of a short stem pipette using a long piece of a stainless steel wire. Remove
the spinvane and pipette the aqueous layer into a four inch test tube (ether is less dense than water). Wash the ether (still in the
reaction vial) with two 1 mL aliquots of water.
Prepare a short column of magnesium sulfate or sodium sulfate to affect drying as follows: 1) place a wad of cotton in
a Pasteur pipette; 2) add 5 mm of sand; 3) add 2 cm of MgSO4; 4) add 5 mm of sand. Clamp the Pasteur pipette upright and
pass the ether layer through the drying agent into a 25 mL Erlenmeyer flask. Rinse the reaction vial with two 1-2 mL aliquots
of ether and pass these through the pipette containing MgSO4 in order to make the transfer quantitative.
Add a boiling chip to the ether solution and remove ether by distillation. When the ether is almost gone, slowly add 23 mL of hexanes to the flask and allow the mixture to cool gradually to room temperature. Solids should appear before cooling
in an ice bath. Filter the solids using your small Hirsch funnel. Weigh the dried crystals and take a melting point prior to
recrystallization from hot ethanol and take the melting point. In some cases, the vacuum in the filter flask may cause additional
solid to separate from the liquid due to evaporation of solvents, both ethanol and residual ether in this case. If this happens,
pure product from this residue may be isolated by warming the filtrate to dissolve all precipitated solids, pouring the solution
into the original Erlenmeyer flask, and heating to boiling over steam. But do not remove a large amount of solvent. If excess
ethanol is removed, the solid which forms will be heavily contaminated with a biphenyl, formed by the reaction of aryl
Grignard with hot aryl halide. Cool, collect and rinse the product as before. As before, do NOT wash with water. This second
crop frequently needs to be recrystallized again from fresh ethanol. Take heart, second recrystallizations proceed much more
easily. Check the melting point to decide. Pour all of the used ethanol into the Hazardous Waste Container.
Spread the product (both crops) on an 8 x 11 sheet of paper to dry. Determine the melting point (and range) of your
purified product. If the range is greater than 3° C, either the sample is impure or wet, or the melting point was improperly done.
Correct any flaws, and repeat the melting point. Place the dry product in a properly labeled plastic bag. See page 1b of this
handout for label details. Be sure to seal the bag completely.
Post Lab:
1. Why were efforts made to exclude water from this reaction? Draw the mechanism of what would occur if water was present.
2. Are you convinced that you synthesized the correct product? How does the data support your conclusion? What other analysis
could be performed to gain more confidence?
3. Why is the order of addition important in this reaction?
4. If you had the opportunity to perform this experiment again, what would you modify to improve your results? Consider the
experimental set up, process, and analysis.
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III. Multistep Synthesis: Preparation of 2-Chloro-5-Nitrobenzamide
Pre-Lab: OP 18 (pp.635-645), OP28 (pp.692-707), OP 30 (pp.710-719), OP39 (pp.773-802), OP40a (pp.802-815)
The conversion of 2-chlorobenzoic acid into 2-chloro-5-nitrobenzamide is a multistep reaction sequence.

In multistep syntheses, the overall yield is calculated by multiplying the fractional yields of the individual steps. In this 5 step
synthesis, the overall yield will be under 60% even if each individual step produced 90% of theoretical yield. You are encouraged to
plan your work so that the minimum number of transfers are made and that they are as quantitative as possible. You have been
issued a 10 g sample of 2-chlorobenzoic acid which you will convert — by modifying the procedures — into 2-chloro-5nitrobenzamide. Yes, you will have to do plenty of arithmetic! Convert all of your 2-chlorobenzoic acid sample into the amide,
making the appropriate adjustments of amounts at each step. You will need to make "cost-effective" judgments at points where you
may repeat a step with isolated by-products. CAUTION: This involves the use of concentrated nitric and sulfuric acids. Work
carefully, rinse all apparatus immediately, and wipe up spills promptly. First aid treatment of acid spills on flesh is immediate,
continued rinsing with water. First aid for acids on clothing consists of immediate removal followed by generous rinsing. Let your
lab instructor know promptly in either case.
1.
Methyl 2-chlorobenzoate. Introduce the entire 10.0 gm sample of 2-chlorobenzoic acid into a 250 mL round bottom flask.
Add 25 mL of methanol to the solid and then carefully pipette 3 mL of concentrated sulfuric acid slowly down the inside wall of
the flask. Swirl to mix, attach a condenser and reflux over steam for one hour. Plan on doing something useful in the lab for the one
hour reflux interval. The solution may also sit overnight. Cool the reaction mixture with an ice-water bath and then pour it into 50
mL of water. Immediately extract the mixture with three 20 mL portions of ether. Discard the water layer (drain) which contains the
bulk of the methanol and the sulfuric acid. Confirm the identity of the water layer before you discard it - second samples of 2chlorobenzoic acid will not be issued. Wash the organic layer again with water followed by a 25 mL wash with 5% sodium
bicarbonate. Acidify the separated bicarbonate layer to precipitate any unreacted 2-chlorobenzoic acid. Repeat the bicarbonate
washings until no more 2-chlorobenzoic acid precipitates on acidification. Any 2-chlorobenzoic acid may be recovered and recycled
at your discretion. Dry the solution with sodium sulfate and remove the ether by distillation using steam as the heat source.
CAUTION: Ether vapors would ignite if they come in contact with a surface exceeding 200° C.
2.
Methyl 2-chloro-5-nitrobenzoate. The following procedure is written for 0.05 moles of methyl benzoate. You should
adjust the reagent amounts to match your molar yield of methyl 2-chlorobenzoate. Transfer the corrosive acid mixtures with
great care. The presence of water will hinder this reaction. Use only dry glassware. Do the nitration in a hood.
Thoroughly cool 15 mL of concentrated sulfuric acid (18 M) in a 250 mL-Erlenmeyer flask (not a beaker) with an ice bath. Add 6.8
gm of methyl 2-chlorobenzoate to the 250 mL-Erlenmeyer flask, swirl to mix, and continue cooling the solution in the ice bath.
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Prepare a second cold solution by combining 5 mL of concentrated nitric acid (15.7 M) and 6 mL sulfuric acid. Transfer the nitric
acid solution to the methyl 2-chlorobenzoate solution dropwise with a Pasteur pipette. Keep the pipette upright; if the acid mixture
drains into the rubber bulb, the product will be contaminated. When not in use, the pipette may be left standing in the ester beaker.
Use the extension clamp as a handle while you swirl the flask contents in the ice bath. Transfer of the nitric acid solution should
take about 5-10 minutes. Allow the solution to warm to room temperature (10 minutes) with occasional swirling. If brown fumes
are evolved, pour the mixture over ice immediately. Put about 50 g (100 mL - loosely packed) of ice in a 400 mL beaker. Pour the
acid mixture slowly over the ice while stirring with a glass rod (not a metal spatula). Rinse any residues from the flask into the
mixture with a small amount of water. Use your glass–stirring rod to crush any lumps which contain trapped sulfuric acid. Stirring
for a few minutes also allows for the agglomeration of colloidal particles. This permits faster, more efficient filtration.
Collect the crude product by suction filtration. No trap is required since the filtrates will be discarded anyhow. (If the
filtrate were to be saved, then a trap would be included to prevent a possible back-up of tap water into the flask.) Return the moist
filter cake to the beaker, add 100 mL of distilled water and again crush any lumps. This trituration removes impurities (H2SO4 and
HNO3) much more efficiently than merely pouring water over the crude product while filtering. Collect the washed product by
suction filtration. Rinse the beaker with several small portions of water to transfer as much product to the funnel as possible. Place
a second piece of filter paper over the filter cake and press dry with a small beaker while applying maximum suction. Pour this
aqueous filtrate down the drain. Rinse the flask promptly but carefully to prevent acid holes in your clothes. Recrystallize the
product from methanol. The typical sample needs about 40 mL of methanol. Collect the product, dry it, and determine the yield and
melting point.
3.
2-Chloro-5-nitrobenzoic acid. The following procedure is taken from Organic Syntheses: O. Kamm and J.B. Segur,
Org. Syntheses Coll. Vol. I, 391 (1941). As in the preceding step, reagent amounts, etc. will have to be adjusted to match your
molar yield of the corresponding chloro ester. Remember to grease thoroughly any glass joints which may be wet by strongly
alkaline solutions. Never weigh sodium hydroxide pellets more tha a few minutes in advance of their use, they readily absorb water
from the air and become a gloppy, untransferable mess in the weighing boat. Reseal the sodium hydroxide bottle immediately after
use and clean up spilled NaOH pellets immediately; they also tend to "dissolve" balances!
Hydrolyze virtually your entire sample of methyl 2-chloro-5-nitrobenzoate. Save just a small portion of the sample for
taking an NMR spectrum and melting point analysis. For each gram of ester weigh 0.75 gm of sodium hydroxide pellets into a
small beaker. Also measure 2.5 mL of water for each gram of ester. Rapidly combine the ester, the sodium hydroxide and the water
in a 125 mL Erlenmeyer flask and immediately swirl the contents to mix well and dissolve the NaOH pellets. Heat the content on a
steam bath with CONTINUOUS SWIRLING until a transparent pale yellow solution is formed. Heating is most effective when the
flask is held snugly against the steam bath rings. Heating takes much longer when swirling is done even an inch or so above the
steam bath. As solution gets warmer, the ester will first melt to form an oil and eventually react to form a clear solution. If crystals
form on the side of the flask, they should be pushed back down with a glass rod (why not a spatula?). Without steady brisk
swirling, this reaction takes longer and tends to give darker solution. Heat the solution for another five minutes to complete the
hydrolysis. Sometimes crystals of sodium 2-chloro-5-nitrobenzoate will form in this highly ionic mixture.
Dilute the solution with an equal volume of water, dissolving any crystals of the organic salt and cool the solution briefly
in cold tap water. Pour the cool solution of the organic salt slowly into a 250 mL beaker containing 2.0 mL of concentrated HCl for
each gram of starting ester. DO NOT add HCl to the hydrolyzed ester. Briskly swirl the acid while adding the basic yellow solution
to the concentrated hydrochloric acid. Rinse the reaction flask twice with small portions of water adding the rinsings to the
precipitated free organic acid. Swirl the fine white suspension thoroughly and cool well in an ice bath. Collect the solid by vacuum
filtration and rinse the flask and the product with three small portions of distilled water. Pump the filter cake as dry as possible and
then spread the product on a watch glass to allow it to dry in your locker until your next laboratory period. Thoroughly crush any
lumps to facilitate drying. It is absolutely essential to have 2-chloro-5-nitrobenzoic acid dried completely for the next step.
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Note 1.
The use of a more dilute sodium hydroxide solution than that recommended above has been found to yield
unsatisfactory results in the saponification of the ester. Prolonged boiling may lead to the production of colored products.
Note 2.
After the hydrolysis of the methyl 2-chloro-5-nitrobenzoate, it is essential that the solution of the sodium salt be
poured into the acid. If acid is added to the salt in the usual way, a less soluble acid salt separates; and, as this cannot be entirely
removed from 2-chloro-5-nitrobenzoic acid even on long digestion with hydrochloric acid, a product is obtained which does not
dissolve completely in ether.
Note 3.
2-Chloro-5-nitrobenzoic acid is soluble to the extent of 1 part in 300 parts of water at 20°, and 20 parts at 100°. The
crystallization from water or dilute hydrochloric acid is therefore quite satisfactory. Remove any oil by filtering the boiling liquid
through a small amount of cotton after mixing thoroughly.
Note 4.
2-Chloro-5-nitrobenzoic acid is obtained in a higher yield by nitration of methyl 2-chlorobenzoate with subsequent
hydrolysis than by the direct nitration of 2-chlorobenzoic acid; this method is also preferable on account of the laborious nature of
the methods necessary for the separation of the meta acid from the small quantities of the para isomer formed in the latter process.
4.
2-Chloro-5-nitrobenzoyl chloride and 2-chloro-5-nitrobenzamide. The product of reaction four is relatively unstable
and should be converted promptly without purification directly to the amide. As before, the amounts will require adjustment. This
reaction illustrates the greater nucleophilicity of ammonia (H3N:) vs. water (H2O:). Concentrated ammonium hydroxide is
approximately 30% (15 M) ammonia. The remaining 70% is water (35 M). And yet, adding the acid chloride to aqueous ammonia
at 0° forms the amide almost exclusively. At higher reaction temperatures, this selectivity decreases, forming an increasing
percentage of carboxylic acid. In the presence of excess ammonia, the acid is converted to ammonium 3-nitrobenzoate, a water
soluble salt. The amide will also hydrolyze slowly to the ammonium salt in the reaction mixture - kinetics vs. thermodynamics.
This exercise also illustrates the use of safety equipment. Thionyl chloride containing solutions emit noxious fumes.
Furthermore, much dense white ammonium chloride smoke is formed when the reaction mixture is added to the ammonia. The
circulation of this visible smoke shows the movement of fumes within the hood. Note how the fumes move toward the front center
of the hood. If you work with the sash raised more than required to fit your arms underneath the sash, the fumes, whether visible or
invisible, blow directly at you. With the sash lowered as much as possible, your face and body are protected from both fumes and
unanticipated splashes.
Both the original compound, 2-chloro-5-nitrobenzoic acid, (your compounds probably melt differently) and the final
product, 2-chloro-5-nitrobenzamid, melt close to 140° when pure and dry. However, an intimate mixture of the two compounds
melts quite differently. This "mixed melting point" confirms that the two compounds are indeed different.
DANGER: Thionyl chloride is a colorless volatile liquid with a suffocating odor. Both the vapors and the liquid are corrosive to
skin. It also reacts vigorously with water to form HCl and SO2. Under no circumstance should any glassware containing thionyl
chloride be brought to a lab bench or sink. Rinse all contaminated glassware in the fumehood.
If necessary, the acid may be dried by dissolving in ether, removing the H2O layer, drying with Na2SO4 and evaporating.
Fill a metal pan with hot tap water and place it on a hot plate in a hood. Set the hot plate at "3" initially. Adjust as needed to
maintain the temperature at 50°  5° C. This size bath will accommodate up to three 25 mL round bottom reaction flasks. Place 1.0
gm of well crushed 2-chloro-5-nitrobenzoic acid in a small round bottom flask. Attach a drying tube containing a wad of cotton and
a one inch layer of calcium chloride pellets. Clamp the assembly in the 50° C bath and add 0.8 mL of thionyl chloride using the
attached 1.0 mL calibrated pipette. Then add 10 drops of dimethylformamide (DMF) and replace the drying tube. The mixture
should be maintained at 50° C for 30 min. If at any time the sample becomes a completely dry solid, add more thionyl chloride.
Also clamp a large Erlenmeyer flask containing 25 mL of concentrated ammonia in an ice bath in the hood. Work on another
experiment for the remainder of the half hour, but check the temperature periodically. If the entire sample has not liquified after 25
minutes, add another 0.4 mL of thionyl chloride to the mixture. Continue heating until no solid remains. Occasional shaking also
helps to complete the reaction.
Raise the reaction flask above the water bath and remove the drying tube. Use a Pasteur pipette to transfer the solution
cautiously, one drop at a time to the well swirled flask of ammonia. This requires 2 hands plus eye coordination. Remember to
work with the safety shield protecting your face and torso. Maximum yields are obtained when the addition is performed with cold
ammonia which is swirled while adding the 3-nitrobenzoyl chloride dropwise. Keeping 1-2 pieces of ice in the ammonia solution
during the addition will help keep the temperature close to 0° C. Inverting the pipette allows the acyl chloride to enter the rubber
bulb, contaminating your product and destroying the rubber. Keep it rubber end up! When the addition is complete, rinse the round
bottom flask and the pipette with some ammonia. Discard the pipette but keep the bulb. The materials may now safely be removed
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from the hood and immediately suction filtered. Aqueous ammonia solutions will slowly hydrolyze the amide to the ammonium
salt. Don't stop here.
Cool the crude amide for a few minutes and collect the solid by suction filtration on a Hirsch funnel. A 1.5 cm piece of
filter paper should just cover the bottom of the funnel, the same as a Büchner funnel. Wash the product well with water to remove a
large amount of NH4Cl. The crude amide should not be stored in the ammonia solution overnight since it will slowly hydrolyze in
basic solution. Recrystallize the crude amide from the minimum amount of ethanol (1-2 mL?) plus enough water (5-10 mL?) to
saturate the solution. The use of solvent pairs is discussed by Lehman in OP-28b (page 704). This is the best stopping place for this
synthesis. Prolonged cooling should produce about 0.4 g of crystals melting above 130° C. The chloroamide will be different. The
ethanolic mother liquor goes into the Hazardous Liquid Waste Container. The calcium chloride goes into the Hazardous Solid
Waste Container. Calcium chloride left in drying tubes will eventually form a solid cake which is almost impossible to remove.
Perform the mass balance calculations for all solvents used in this multi-step synthesis. Determine the melting point of the
starting acid, the final amide, and an intimately ground mixture of the two solids.
The final summary should include the mass and % yield of each step as well as the overall yield. A brief discussion of any
errors you made along with possible improvements to the procedure should be included. Include anything you would like to be
aware of if you had to repeat the procedures.
Post Lab:
1. The overall yield of a multi-step synthesis is the product of each percent yield multiplied together. Calculate the theoretical
yield for each step, and the theoretical percent yield, and compare with your results.
2. Why does the nitration yield the nitro group in the 5 position on the aromatic ring? What modifications could be made to
position it in the 4 position?
3. Incomplete reactions may produce a mixture of products, which are sometimes difficult to isolate/interpret. What observations
might suggest that you have a mixture of products? Why is it important to identify this early in your multi-step synthesis?
4. If you had the opportunity to perform this experiment again, what would you modify to improve your results? Consider the
experimental set up, process, and analysis.
IV. Isolation of caffeine from tea and coffee
Pre-Lab: OP18 (pp.635-645), OP33 (pp.737-744), OP39 (pp.773-802), OP40a (pp.802-814)
You and your partner (to be assigned by your TA) are to design and/or search for a procedure to isolate caffeine from tea. You must
present your procedures to your TA a week prior to the scheduled lab. Take IR (KBr pellet) and NMR of your recovered caffeine.
Post Lab:
1. How does the caffeine content in a given mass of coffee grounds compare with the same mass of black tea leaves?
2. Does the brewing method influence caffeine content (i.e. cold brew vs. warm water brew vs. French press)? Explain.
3. What other compounds might be present in coffee/tea? How does the extraction procedure you performed address their
presence and isolate caffeine from the other compounds?
4. If you had the opportunity to perform this experiment again, what would you modify to improve your results? Consider the
experimental set up, process, and analysis.
V. Identification of a carbonyl compound.
Pre-Lab: OP28 (pp.692-704), OP33 (pp.737-743), OP34 (pp.744-747), OP40a (pp.802-814)
You must perform the following:
1. Take the boiling point of your unknown liquid aldehyde or ketone.
2. Take 1HNMR and IR of your sample.
3. Identify your unknown carbonyl compound
4. Make at least one solid derivative of your unknown carbonyl compound.
1. Boiling Points of Micro Samples
The determination of a boiling point by distillation with ordinary apparatus requires that at least 5 mL of the liquid be
available. Boiling points of smaller samples can be determined easily by the inverted capillary technique of Siwoloboff
(Chem. Ber.,19, 795 (1886)). The apparatus for this technique is shown below and consists essentially of a boiler tube, 5 cm
long and 4-5 mm in diameter (we use disposable culture tubes), that holds the sample and fine capillary thermometer sealed
by fusion about 25 mm from the bottom. The boiler tube is affixed to a thermometer and heated in a Thiele melting point bath
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to secure the delicate control of temperature necessary for this technique. See also Mayo, Pike and Butcher for an even smaller
scale version of this technique.

Sample area of a Thiele tube used for boiling points of microsamples
The laboratory procedure is to place 2-5 drops of the sample in the 4 mm boiler tube, giving a column of liquid 5-15
mm high into which the sealed capillary tube is dropped. The boiler tube is attached to the thermometer by means of a rubber
band and the assembly supported in a melting point bath so that the top of the sample is at least 10 mm below the bath level.
The bath is heated gradually with constant stirring until a rapid stream of bubbles emerges from the capillary. The temperature
at which rapid bubbling occurs is a few degrees above the boiling point; the proper bubbling rate is easily recognized after
gaining experience with a sample of known boiling point. Keep the rubber band above the expanding oil so that it won't
dissolve.
The next step is to discontinue heating the bath and observe the boiling tube while the bath temperature drops about 10°.
Bubbling ceases when the temperature approximates the boiling point of the sample, and as the temperature continues to drop, the
liquid is drawn up into the capillary. The sequence of heating and cooling replaces most of the air in the capillary with vapor of the
sample. Heating is now resumed and the temperature is raised at a rate of 2° per minute, with constant stirring, until bubbles once
more emerge. The flame is removed and the exact temperature at which bubbling ceases is noted. This is the boiling point of the
liquid, since it is the temperature at which the vapor pressure inside the capillary equals the external atmospheric pressure exerted
on the top surface of the liquid in the boiler tube. For greater precision the heating and cooling may be repeated several times.
Unlike ordinary distillation the Siwoloboff method gives merely the boiling point of the sample and provides no indication of the
amount or type of impurity that may be present.

4. Preparation of solid derivatives. One of the most valuable derivatives of aldehydes and ketones are the hydrazones. They
are formed by reaction of the carbonyl compound with a hydrazine (Figure V.1). Hydrazines react quickly and quantitatively
with aldehydes and ketones. This is of great utility to derivatizations as often only a tiny amount of the unknown is available.
The most commonly used hydrazine for derivatization is 2,4-dinitrophenyl hydrazine, as it gives a solid product in virtually all
cases.
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Figure V.1. Formation of 2,4-dinitrophenylhydrazone derivative.
Experimental
The identification of substances is a common problem encountered in the final stages of structure determination of a compound
of unknown structure. We have tried to set up this experiment as a realistic experience in identification subject to the limitation
of time, materials, and pedagogy. Additional sample can be obtained, but a point charge will be assessed.
In this experiment, your task is to identify the structure of an unknown aldehyde or ketone (liquid or solid). You will be
provided with the elemental analysis (%C, %H, %O, %Cl, etc.) of the unknown. You are required to make a derivative of your
unknown and turn it to your TA along with its NMR spectrum and lab report. You must determine the melting point or boiling
point of your unknown. You need to turn in your MSU student I.D. to the stockroom for checking out the necessary equipment
for obtaining the boiling point.
You have to get trained at the Undergraduate NMR Facility (room 125 Chemistry) on the usage of a 300 MHz NMR
instrument prior to this week’s experiment.
Synthesis of 2,4-Dinitrophenylhydrazones Derivatives
CAUTION: 2,4-DNP causes permanent stains.
Prepare a 2,4-dinitrophenylhydrazone derivative of your unknown aldehyde or ketone using the following procedure. Add 0.3
gm (about 10 drops of the liquid) of your unknown into a 25–mL Erlenmeyer flask. Pipette 3 mL of 10% 2,4dinitrophenylhydrazine solutions directly into the Erlenmeyer flask. DO NOT use a graduated cylinder, as the 2,4dinitrophenylhydrazine reagents are messy. Swirl the 25–mL Erlenmeyer flask briskly to mix and let it stand, undisturbed for
10 minutes or until sufficient solid has precipitated out. If crystals have not yet appeared after 10 minutes, remove the stopper,
add 5 mL of ethanol and heat the resulting mixture gently over steam for fifteen minutes. Allow the warm solution to cool to
room temperature and scratch the inside surface of the Erlenmeyer flask using a glass stirring rod to induce crystallization. The
reason for the addition of ethanol is that aldehydes and ketones with six or more carbon chain are not water–soluble. Ethanol or
methanol is added to increase the solubility of the long chain carbonyl compound. If no crystals are formed after trying the
above instructions, cap the 25-mL Erlenmeyer flask with aluminum foil and leave it in your drawer until next week and inform
your lab instructor.
Collect the crude product by vacuum filtration on a Hirsch or Büchner funnel - consider the amount of solid to decide
which one is more suitable to use. Pour this filtrate into the Hazardous Liquid Waste container. Triturate the crude yellow or
orange product as follow:
1. transfer the impure hydrazone derivative to a 50 mL beaker.
2. add 10 mL of 2 M hydrochloric acid to the 50 mL beaker.
3. crush the solids using a glass-stirring rod in order to remove any unrelated red 2,4-dinitrophenylhydrazine (mp = 200° C).
This process is called trituration. Filter the crude product by suction filtration and rinse it with 20 mL of water and finally with
a little ice–cold ethanol. These rinsings may go down the drain. Save a small amount of the crude solid as insurance and
recrystallize the remaining product from ethanol and water as follows.
Recrystallization: Transfer the crude 2,4-dinitrophenylhydrazone product to a 10 mL round bottom flask, add 5 mL ethanol
and heat it on a steam bath. If after 5 minutes the solids have not fully dissolved, crush the solids add 1 mL every 2 minutes
until a homogeneous solution has been obtained. You should not add more than 10 mL of ethanol. Add water slowly to make
the solution cloudy and leave it undisturbed to cool to room temperature. See your lab instructor if 15 mL of ethanol fails to
dissolve your crude dinitrophenylhydrazone derivative. Allow the solution to cool slowly to room temperature and collect the
crystals via suction filtration. Consult with your TA if you have problem getting crystals on your own. If your crude
dinitrophenylhydrazone derivative does not dissolve in the 15 mL of ethanol, add ethyl acetate drop wise until all the solids are
dissolved and filter the solution while it is hot through a fluted filter paper into a dry and clean 25 mL Erlenmeyer flask. Cap
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the 25-mL Erlenmeyer flask with aluminum foil and leave it in your drawer until next week. Collect the crystals via suction
filtration.
Aldehydes and ketones also react with semicabazide to form the semicarbazone derivatives (Figure 6.11). Note that the
reaction occurs exclusively at one end of the semicarbazide. The amino group (NH2) that is next to the carbonyl group does not
participate in this reaction. Why?

Figure V.2. Formation of a semicarbazone derivative
Synthesis of a semicarbazone derivative: Prepare a semicarbazone by mixing 1.0 mL of the semicarbazide reagent and 0.3
mL (about 10 drops) of your unknown sample in about 1-2 mL of methanol (enough to make a clear solution). Heat the mixture
on a steam bath until crystals begin to form. Cool and suction filter the solid product.
The filtrate is to be poured into the Hazardous Liquid Waste Container.
Remember in this experiment your grade only depends on the purity of the derivatives and not the amount of it. Therefore,
carefully measure the melting point of your two derivatives and report it. You may compare your melting point values with the
literature values to help you in the identification of your unknown sample. This coupled with the NMR of your unknown
sample are enough information to identify your unknown sample. The literature values of selected 2,4–dinitrophenylhydrazone
(2,4-DNP) and semicarbazone derivatives of a series of aldehydes and ketones are povided in Table V (below). Others may be
found in “The Systematic Identification Of Organic Compounds”, 7th edition, which is on reserve for CEM 355 students in the
stockroom.
Compound
2,4–DNP Derivative (°C)
Semicarbazone (°C)
BP (oC)
Butanal
Heptanal
Furfural
Benzaldehyde
Cinnamaldehyde
Octanal
2-Butanone
2-Pentanone
3-Pentanone
Cyclopentanone
Cyclohexanone
Acetophenone
Propiophenone
4-methylAcetophenone (methyl ptolyl ketone)
3-Methyl-2-butanone
4-Methyl-2-pentanone (isobutyl
methyl ketone)
3-hexanone
2-hexanone
2,4-Dimethyl-3-pentanone
3,3-dimethyl-2-butanone
(pinacolone)
3-Methyl-2-pentanone
Isobutyrophenone

122
108
229
237
255
106
117
144
156
142
162
250
191
260

104
109
202
222
215
101
146
110
139
205
166
198
174
205

75
156
162
179
252
171
80
102
102
131
155
250
218
226

120
95

114
135

94
119

130
110
107
125

113
122
160; 149
158

125
129
125
106

71
163

95
181

118
222
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1-Methyl-2-propanone
methyl ketone)
Butyrophenone

(benzyl

159

210

216

190

191

230

Table V. Solid derivatives (2,4–Dinitrophenylhydrazone, 2,4-DNP and Semicarbazone) of some aldehydes and ketones.
Your lab report must include the following:
–Your lab partner’s name.
–Completely characterized NMR spectrum of your unknown.–A small sample of 2,4-DNP derivative of your unknown.
–Boiling point of your unknown.
–Melting point of 2,4-DNP derivative and/or semicarbazone derivative of your unknown.
–Identification of your unknown (name and structure)
Post Lab:
1. How confident are you in the identification of your unknown compound? Explain the results you obtained from each portion of
the experiment.
2. Could you have come to the same conclusions using only one or two of these methods (i.e. only NMR and boiling point, only
boiling point and elemental analysis)?
3. Why is the preparation of solid derivatives useful in the identification of unknown compounds?
4. If you had the opportunity to perform this experiment again, what would you modify to improve your results? Consider the
experimental set up, process, and analysis.
VI. Azo Dye.
Pre-Lab: OP16 (pp.629-633), OP26 (pp.685-689), OP28 (pp.692-706)
Prepare 5 mmole of an x-(substituted phenylazo)-phenol by scaling down the procedure in Lehman, Experiment 48. Check with
your TA for the "azo-component and coupling agent of the day." Some azo dyes couple only slowly; allow 30-60 minutes for
coupling before collecting the crude product. Confirm the presence of excess NaNO2 by diluting one drop of solution with 1 mL of
water and applying one drop of this diluted solution to a piece of KI-starch test paper. A deep blue spot indicates excess NaNO2.
You do not need to do the test dying of the cloth. Recrystallize the entire sample from methanol, ethanol or ethyl acetate. As much
as 100 mL may be required. Selecting the optimal recrystallizing solvent is a challenge. Test small amounts of your product with
these solvents in test tubes. Use a reflux setup; the dye dissolves relatively slowly. The product crystallizes as fine needles.
Determine yield and melting point and then submit the product in the usual way. Give the proper name of your specific azo dye.
Azo dyes differ from most compounds in that they are intensely colored. The appearance of red color is an inverse visible
measure of the skills of the chemist. You will be issued a large sheet of wrapping paper. All synthetic and purification work is to be
done on this piece of paper. At the end of the lab, you, your work area, and your apparatus will be inspected and graded on the
amount of dye still visible. Be sure that your instructor checks you out before you leave that day. The one difference between this
compound and those that you used previously is color. Were you equally careful with the colorless compounds? Does color make a
compound more dangerous?
Post Lab:
1. Draw a detailed, arrow-pushing mechanism of the synthesis of the azo dye.
2. Why is the conjugate base of 2-naphthol required?
3. The compound you produced, 1-(4-chlorophenylazo)-2-naphthol, is part of a class of dyes known as azo dyes. Draw the
compound and discuss which parts of the molecule contribute to the color you observe.
4. If you had the opportunity to perform this experiment again, what would you modify to improve your results? Consider the
experimental set up, process, and analysis.
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CHECK OUT INSTRUCTIONS
Complete a "Lab Instructor Evaluation" form and place it anonymously in the brown envelope.
Exchange your combination lock at the stockroom.
Clean all of your apparatus and arrange it on your bench in the order it is listed on the inventory sheet. Remove all labels by
soaking the vials in soapy water. It is to your advantage to have no labels with your name or student number in general
circulation. Replace any missing or broken items. Check the balance area before going to the stockroom. Place any extra items
in the balance area.
When you are ready, sign the "ready to check out" list on the chalk board. Your instructor will check the apparatus, and help
you pack it away.
When the locker has been properly checked out, your instructor will close and lock it and also sign the Inventory Check Out
Form. Make sure your TA keeps this form. You have completed checkout at this point. Any breakage bill you generated will be
sent to your permenant address. Failure to complete the entire check-out procedure, including the paperwork, will result in an
additional $25.00 charge.
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