ORGANIC CHEMISTRY
LABORATORY MANUAL I & II

Dr. EMRAH ÇAKMAKÇI

2017

OUTLINE
Introduction
Common Organic Chemistry Laboratory Glassware
FIRST TERM
PART 1: Common Purification Methods
I.
II.
III.
IV.
V.

Distillation
Crystallization
Extraction (Isolation of caffeine from tea)
Sublimation
Chromatography

PART 2: Alcohols, Acids, Esters and Ethers (Oxidation-reduction)
VI.
VII.
VIII.
IX.

Acetone synthesis from isopropyl alcohol
Adipic acid synthesis
Dibutyl ether synthesis from butanol
Synthesis of isopentyl acetate

PART 3: Additional Experiments
X.
XI.
XII.

Soap synthesis
Clear liquid hand soap
Cyclohexyl chloride from cyclohexanol

SECOND TERM
PART 1: Simple Drugs
I.
II.

Aspirin
Paracetamol

PART 2: Amines
III.
IV.
V.

Phthalimide (Gabriel amine synthesis)
Nitration of benzene
Reduction of nitro groups

PART 3: Aromatics
VI.
VII.
VIII.
IX.

Azodyes (Methyl orange)
Benzoin and Benzil
Preparation of dibenzalacetone (mixed aldol reaction)
Cannizzaro

PART 4: Additional Experiments
X.
XI.

Iodoform
Glass cleaner

1

Introduction
In this course, we will focus on the general organic laboratory purification
techniques such as crystallization, distillation, chromatography and chemical
synthesis of several organic compounds.
This manual was written to guide you through the organic chemistry lab
course. It includes the experimental procedures, reactions, pre-lab and post-lab
questions. Reaction mechanisms are shown for some experiments to improve
your understanding.
I would like to thank Betül KORKMAZ, Damla ÇELIK, Emine ÇIMEN and
Ayça Şeyma UNALDI for supplying the hand written mechanisms and notes.
An organic chemistry lab is generally regarded as a potentially dangerous
place, since we, the organic chemists, have to work with carcinogen, corrosive,
pyrophoric, flammable and mutagenic chemicals most of the time. Therefore,
safety comes first.
Finally, some important notes:
1) You must wear lab googles, lab coats and gloves all the time in the
lab.
2) You must attend to at least 80% of the lab course hours.
3) Apply all safety rules that you should have learned in general chemistry
lab or in your other lab lessons. You must follow all safety rules while
performing experiments and must be ready to respond properly in case of
an accident.
4) Don’t get late to the lab.
5) It is advised you to read all the MSDS of the chemicals before use.
6) Make sure that your work area is clean before you leave.
7) Read the experimental procedures before you come to lab and answer all
the pre-lab questions. In the beginning of every lab, you will have to
answer quiz questions.

GOOD LUCK.........
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Common Organic Chemistry Laboratory Glassware
Write the names of all the following glassware:
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Some of the other common glassware are listed below:
Erlenmeyer flask, beaker, burette, filter paper, pipette, graduated cylinder, Bunsen burner, test
tube, test tube holder, brushes, forceps, condenser, test tube rack, ring stand, hot plate,
desiccators, wire gauze, tripod, balance, furnaces (ovens),...................
Standard Taper Jointware (Ground glass joint)

The first number is the size of the joint at the widest point, in millimeters. The second number
is the length of the joint, in millimeters.
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Some setups used in organic chemistry laboratory
Examples of these setups will be shown during the lab.

Reflux

Refluxing under anhydrous conditions

Reagent addition

Note: Examples of these setups can be found in the book by Anne Buyle Padias, Making
the Connections 3: A How-To Guide for Organic Chemistry Lab Techniques, 1st ed.,
Hayden-McNeil Publication, 2007.
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I. Distillation
What is boiling point? What is normal boiling point?

Compare the boiling points of the following compounds and explain the
differences:
1) Sodium butoxide, Butanol and Diethyl ether

2) Pentane and Neopentane

How is boiling point measured?
Boiling point of a liquid can be measured by using a simple method as illustrated below or a
ThieleTube can also be used
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What is a nomograph? Draw a nomograph.

What is distillation?

Types of distillation
1) Simple distillation
2) Vacuum distillation
3) Steam distillation
4)Fractional distillation
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1) Simple Distillation
Draw a setup for a simple distillation. Name all the parts. Don't forget to show clamps, ring
stands and a heating source.

Some important details about distillation:
1) As a rule of thumb, there should be at least 25°C difference between the boiling points of
the components. But often for an efficient separation at least 50 degrees is required.
2) The flask should be filled up to its 2/3 and for efficiency of distillation; it must not be less
than 1/3 of the flask.
3) The maximum temperature for simple distillation is 150°C
4) In order to prevent bumping, boiling chips (stones) or a magnet should be used.
5) All joints should be properly greased or wrapped with a Teflon tape. All joints must be
secured. Keck clips can be used to achieve this.
6) The exact position of the thermometer is critical for an accurate determination of the BP.
The mercury bulb of the thermometer must be positioned below the level of the side arm.
7) Water should enter to the condenser at the bottom.
8) Above 120 degrees, cold water should not be cycled through the condenser. Air cooling is
generally enough for condensation.
9) Don't distill until dryness.
10) Don't preheat the hotplate. Heat the distillation flask slowly. Typically, the liquid should
drip into the receiving flask at a rate of about 10-20 drops per minute.
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2) Vacuum Distillation
Draw a setup for a vacuum distillation. Name all the parts. Don't forget to show clamps, ring
stands and a heating source, vacuum trap, manometer.

Some important notes about vacuum distillation:
-Vacuum distillation is used for compounds that have boiling points higher than 150°C or for
compounds that decompose at their normal boiling points. Furthermore, some compounds
may react with oxygen at high temperatures, so vacuum distillation can be used to distill
them at lower temperatures.
-Simply by applying vacuum the boiling point is lowered.
-Boiling stones don't work in vacuum distillation. Therefore, in order to prevent bumping of
the solution, a Claisen head with a long tube inserted through it is used. On the other hand a
magnet also works fine.
- Vacuum traps should be used to prevent the liquid vapors to reach to the vacuum pump.
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3) Fractional Distillation
Draw a setup for a fractional distillation. Name all the parts. Don't forget to show clamps, ring
stands and a heating source.

Some important notes about fractional distillation:
-Fractional distillation is used to separate liquids, which have a boiling point difference below
25 degrees.
-Fractionating column is not a condenser.
- Fractional distillation can also be conducted under vacuum. In this case, a 3-way receiver
(cow) can be used to collect the fractions without disturbing the distillation.

4) Steam Distillation
- The co-distillation of a water immiscible organic liquid with water is called steam
distillation and this technique allows the distillation of that organic compound well below
100°C. Draw a setup for a steam distillation.
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Post-lab questions
1) What does azeotrope mean?
2) Can a mixture of ethanol (bp 78 degrees) and water (bp 100 degrees) be separated by
distillation?
3) What is rotary evaporator? What is its advantages?
4) Explain how the boiling point decreases in steam distillation in terms of Dalton and
Raoult's laws.

Experimental Procedure
You will be given a solution that contains two or more different liquids. You will assemble a
simple distillation set-up and distil this liquid. Carefully watch the thermometer and record
the temperatures. Collect the fractions. Based on the observed boiling points of the solvents,
try to identify the liquids.
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II. Crystallization
Define crystallization, nucleation and crystal growth

Steps of recrystallization:
1) Choose an appropriate solvent (or a mixture of solvents).
2) Add your impure solid into a beaker or an Erlenmeyer flask. The latter is a better choice.
3) Add some solvent into your flask that is sufficient to cover your solids.
4) Place the flask on a hot plate and slowly heat it to dissolve the solids.
5) Into another flask add fresh solvent and heat it to boil.
6) Add hot solvent into the flask that contains your impure solids as necessary until all solids
are dissolved. Do not let the solvent in this flask to boil. (In some cases, it might be required
to reflux to completely dissolve the solids)
7) Be careful not to add too much solvent.
8) If there are undissolved particles, hot filter the solution. The use of fluted filter paper and
neckless funnel are beneficial.
9) If you know that your desired compound is colorless but the solution is colored, then you
have decolorize by using activated carbon.
10) After hot filtration, if you have a clear solution, cover the flask with a watch glass in order
to prevent contamination of any dust particles.
11) Let the flask cool to room temperature. During this step do not disturb the flask.
12) To increase the yield, you can place the flask into an ice bath or refrigerator.
13) Filter the crystals.
14) Optionally, you can wash the crystals with cold solvent.
15) Dry the crystals.
16) Check the purity of the solid by determining its melting point.

How to choose the right solvent?
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Characteristics of a good crystallization solvent
A good solvent should
1) Dissolve only the desired compound only at high temperatures and should not dissolve at
room temperature.
2) Not dissolve the impurities.
3) Have a low boiling point. In other words, it must be volatile to be easily removed from the
crystals.
4) Be cheap.
5) Be nontoxic.
6) Have a lower boiling point than the melting point of the solid compound to be crystallized.
(If the solvent has a higher boiling point than the melting point of the solid, the solid may
separate from the solvent as a liquid. This phenomenon is known as oiling out.
7) Give good crystallization yields.

Hot filtration

If crystals do not from upon cooling, what can we do?
1) Scratch the surface of the flask to initiate the nucleation of the crystals.
2) Add a seed crystal.
3) Evaporate some of the solvent to get a supersaturated solution.
4) In case the crystals do not form at room temperature; we can cool the flask in an icebath or
keep the flask in the refrigerator for some time.

Mixed solvent technique
Sometimes to find the suitable solvent for the crystallization of a compound may not be
realized. In these cases, a miscible solvent pair can be used. First the compound is dissolved
in a hot solvent that readily dissolves it, and then slowly the other hot solvent which does not
dissolve our compound is added to this hot solution. When the solution becomes cloudy, more
of the first solvent is added. When the solution is clear, the flask is slowly cooled.
Methanol-water, ether-acetone and methylene chloride-methanol are common solvent pairs
for mixed solvent crystallization.
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What happens if the hot recrystallization solution is cooled fast or slow?

Experimental Procedure: Crystallization of impure benzoic acid
You will be given a sample of impure benzoic acid. First weigh your sample. Then crystallize
from water by following the steps given above. Some of you may need to hot filtrate your
solutions. After dissolving your impure benzoic acid in hot water (and hot filtration) first cool
to room temperature, then place your flask into an ice bath and keep it for at least 15minutes.
Filter your crystals.
At 10°C only 2.1 g of benzoic acid dissolves in 1 liter of water, while at 95 °C the solubility is
68 g/L.

How can we determine the purity of our crystals?
Besides melting point measurements, the purity of the solids can be determined by NMR.
FTIR spectroscopy is not enough to judge about the purity of our compound.

Melting point apparatus
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III. Extraction:
What is extraction?

Define distribution coefficient and write its mathematical expression.

How to choose the extraction solvent?
1) Solvent pairs must be immiscible.
Some common solvent pairs used in extraction are given below:
- water-dichloromethane
- water-chloroform
- water- ether
- water-hexane
- water –benzene
Other common solvents used in extraction are diisopropil ether, carbon
tetrachloride, petroluem ether.
2) The desired compound must be separetly soluble in the organic solvent, but it must have a
very low solubility in the water phase.
3) The solvent should be also cheap, nontoxic, volatile and nonflammable.
4) The solvent used for extraction is generally not suitable for crystallization. Hence, in
extraction we choose a solvent that readily dissolves the compound to be extracted at room
temperature, while in crystallization, the solvent should be able to dissolve the desired
compound at high temperatures.
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How to use the separatory funnel?
The way of using the separatory funnel will be shown during the lab demonstration.
Some details:
1) The separatory funnel should not be filled more than about three-quarters of the total
volume of the funnel, in order to easy mixing. Generally, the volume of the separatory funnel
should be double the volume of the water that is to be subjected to extraction.
2) Before each use, check that the stopcock rotates freely and does not leak. Teflon stopcocks
are better than the glass stopcocks, because they can “freeze” so they need to be lubricated.
3) Before using the funnel for the first time, it is good to shake with a few amount of solvent
to make sure that stopcock and stopper are tight and do not leak.
4) As a rule of thumb, chlorinated solvents such as chloroform or dichloromethane) constitute
the lower phase while aliphatic solvents (ether, hexane) are lighter than water (in other words
these solvents generally constitute the upper phase)
5) Always place a beaker or any flask under the separatory funnel placed in a ring stand
beacuse even if you checked the stopcock, it may leak.
6) Never discard any of the phases until you isolate and characterize your desired compound.

Extraction of acids and bases (Chemical extraction)
In chemical extraction, a chemical reaction takes place between the extraction solvent and the
extracted compound. For instance, an acid can be extracted from an organic solvent via
aqueous sodium hydroxide solution or an amine can be extracted to water phase via an acid.
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Moreover, chemical extraction can be used to separate unsaturated hydrocarbons from the
saturated ones by using cold concentrated sulfuric acid.

Another example that can be given to this method is the purification of an organic compound
contaminated with aldehydes such as benzaldehyde. NaHSO3 solution can be used to extract
or precipitate benzaldehyde.
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Drying agents
What is a drying agent? What are their types? How do they work? Give examples.

Emulsion forming during extraction

Continuous Extraction (Soxhlet)
Draw a soxhlet apparatus and explain its use.
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Make a chart for the separation of the following molecules via chemical
extraction
Aniline, benzoic acid, phenol and benzene.
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Isolation of Caffeine from Tea Leaves
Pre-lab questions
1) What are the main components of a tea leaf? Draw their chemical structures.
2) What can be the purpose of extracting organic molecules from plants?
Caffeine, C8H10O2N4 belongs to an organic chemistry class called “alkaloids” which are
nitrogen containing compouds produced by plants and alkoloids have
pharmacological activities such as psychotropic, stimulant, analgesic or
antibacterial. An average cup of cofffee contains 90-150 mg of caffeine while a
cup of tea contains 30-70 mg and a bottle of coke contains 30-45 mg of
caffeine.

1,3,7-Trimethylxanthine

Experimental procedure
BRING TEA BAGS OR TEA LEAVES!!!!!!!!!
Add 120 mL of water in a 600 mL beaker and gently let it to boil on an hotplate. Weigh 3-5
grams of tea leaves or take 2-3 tea bags (~4grams) and add them to the boiling water. Keep
the mixture boiling for at least 10 minutes. 3. Remove the tea bags carefully or filter out the
mixture to remove tea leaves. Add 40 ml of lead acetate solution (10 wt.% in water). Boil this
solution for 15 minutes again. After 15 minutes of boiling filter the hot solution in to a clean
beaker and reduce the volume of the solution to around 40-50 ml by evaporation. Cool this
concentrated extract to room temperature and transfer it to a separatory funnel. Extract it three
times with 20 ml of chloroform or dichloromethane. Organic phase will be the lower phase.
Collect all the chloroform extract into a single beaker add sufficient amount of a drying agent
and filter this solution in to a preweighed clean beaker. In the fume hood evaporate all the
CHCl3 slowly. As soon as the whitish crude caffeine forms, remove it from the heater. Cool
the beaker to room temperature and reweigh the beaker.Crude caffeine can be purified by
crystallization or sublimation. In order to test the purity of caffeine, melting point of the crude
caffeine can be measured or TLC can be used. The following mobile phase combinations can
be used: Acetic acid-water (5:95), Hexane, Ethylacetate-water-methanol (100:10:10),
Buthyl alcohol-ethyl acetate-ether (10:50:40) or Ethyl Acetate-acetic Acid (95:5).

Post-lab questions
1) Why lead acetate is used in this reaction? Explain by showing reactions.
2) Can we use chloroform to crystallize caffeine? If not, explain why and suggest a
suitable solvent?
3) Instead of lead acetate, sodium carbonate (or calcium carbonate) can be used in this
experiment. How would you change the procedure if you were to use sodium carbonate?
4) What is a drying agent? Give examples. How much drying agent should be added?
5) Give two methods for separating benzoic acid and hexanol by extraction.
6) Suggest two methods for the separation of phenol and tributylamine.
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IV. Sublimation
What is sublimation? Draw a phase diagram.

Advantages of sublimation as a purification method
1) Cheap 2) Fast 3) Easy 4) Solvent free
But it is not selective and not suitable for large scale purification.

Apparatus for sublimation: “Cold Finger”
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V. Chromatography
Define chromatography.

What is the basic principle of this technique?
Chromatography is a separation and a purification technique that is based on the selective
adsorption of compounds on a stationary phase which can be either a solid or a liquid. The
compounds are carried over the stationary phase by a mobile phase (gas or liquid). As the
compounds are carried by the mobile phase, due to their different affinities towards the
stationary phase, compounds travel at different speeds which cause them to separate. The
separation is based on this continuous differential partition of compounds between the
adsorbent (stationary phase) and the mobile phase.

Define the following terms.
Analyte:

Chromatogram:

Eluent:

Rf:

Types of Chromatography
Chromatographic techniques can be simply classified as follows:
Based on mechanism of separation:
1) Adsorption Chromatography
2) Distribution Chromatography
3) Ion exchange Chromatography
4) Gel Chromatography
Based on techniques:
1) Paper Chromatography
2) Thin Layer Chromatography (TLC)
3) Column Chromatography
4) Gas Chromatography
5) High Performance Chromatography
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TLC
In this lab, TLC and column chromatography techniques will be discussed.
TLC is a useful technique to monitor the progress of a reaction, to test the purity of a sample
and to separate mixture of compounds. Today for TLC, commercially available silica gel
adsorbent coated aluminum plates are used. However, silica gel or other adsorbents such as
alumina or cellulose can be coated on a glass, plastic or an aluminum panel and used for TLC.
This silica gel coated plate is the stationary phase. By using a suitable solvent or a solvent
mixture as the mobile phase, the loaded sample mixture is passed over this stationary phase
and based on the relative affinities the constituents in the mixture separate.
Steps of TLC-How to run a TLC plate
1) Prepare the TLC plate
Cut a piece from a TLC plate in appropriate dimensions and draw a line from the 0.5 cm
above the bottom of the plate with a pencil not a pen.

2)Spotting
The sample is loaded on the TLC plate with the aid of a capillary tube. The sample is
dissolved (1 mg in 1 ml solvent) in a volatile solvent and by using a capillary tube, it is
spotted three times on the plate. Avoid spotting concentrated solutions. The diameter of the
spot must not be too large because it can cause streaking (1-2 mm is ideal). Wait a few
seconds between each spotting to allow the solvent to evaporate.
3) Developing the plate
Obtain a chromatography tank, a jar or a beaker. Add your mobile phase (a solvent or a
mixture of solvents) into the tank. The level of the solvent mixture must be below the line you
drew in the first step. Place a piece of filter paper into the tank and close the lid of the tank. If
you are using a beaker as a chromatography tank cover the beaker with a watch glass. Allow
the tank to saturate with the solvent vapor. The function of the filter paper is to aid this
process.

24

4) Running the TLC plate
Place your plate into the chromatography tank with a forcep. DO NOT LET THE
SOLVENT(S) CONTACT THE SPOTS. Cover the tank again with its lid and carefully
w.atch as the solvent rises up the plate by the capillary action. Remove the plate from the tank
when the level of the solvent is 0.5-1cm below the top of the plate. Never allow the solvent to
reach to the end of the plate.
5) Visualization
After you remove the plate from the tank, immediately draw a line to mark the solvent front.
Let the plate dry for some time and mark your separated compounds on the plate (If they are
colored). Calculate the Rf values.

What if the spots are colorless?
If the compounds are colourless, you can
- treat the plate with various chemicals that produce colored products such as iodine vapors,
bromine, anisole aldehyde (for phenols, sugars), trichloroacetic acids (for steoroids),
ninhydrine (for aminoacids), etc,
- drop sulfuric acid solution (it causes char formation and thus dark spots on the plate), or
- you can examine the plate under UV light.
-Commercial plates are produced with a Fluorescence indicator (example: Zn2SiO4) and when
the plate is placed under UV light (254 nm) the plate emits green color and since the spot
block this light emission they appear black.

25

Problems in TLC
1) Overloading:
It can cause streaking. Also mismatch in solvent polarity can lead to this problem.

2) Solvent polarity:

3) Visualization problems:
If you know that your sample is colored and you still don’t see spots on the plate, maybe you
spotted a very dilute solution onto the plate or maybe you accidently dissolved all the spots on
the plate while placing the plate into the chamber.
4) Lanes are not parallel:
It is generally due to problems in the plate (some silica may be ripped, somehow it is not
homogeneous).
5) Blurred spots:
The line of the spots could be below the solvent level when the plate was placed into the tank
or the solvent front reached to the end of the plate. Another reason for blurring is to open the
lid of the flask before the solvent reaches to the desired level. This disturbes the solvent vapor
saturated system.
6) Blue spots/lines: Did not I say not to use a pen?
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Column Chromatography
Column chromatography can be thought as a larger scale version of TLC even though it can
also be used for microscale experiments. In this technique, a vertical glass column is filled
with a suitable adsorbent such as silica gel or alumina and then the sample is passed through
the column with solvent addition (mobile phase). The relatively non-polar substances move
faster and are collected first from the column. On the other hand polar substances tend to
"stick" to the silica surface and as a result bands appear.

How to run a column chromatography?
Packing the column
1) Clamp the column on a ring stand. Close the stopcock
2) There are basically two types of columns: one with a glass frit and one without a frit. If you
are using a column without a frit, first thing you have to do is to plug a glass wool to the tip of
the column by using a glass rod.
3) Then add a layer of sand.
4) Fill the column with silica gel. There are different methods but here only a version of the
slurry method is covered.
- Prepare a dispersion of silica in the mobile phase. Weigh the required amount of silica into
an Erlenmeyer flask and add the solvent system.
-Pour this slurry into the column. You can use additional solvent to rinse the silica gel sticked
to the sides.
- As the silica gel settles down on the sand layer, gently tap the column from sides to remove
air bubbles and to have tight packing of silica.
-Open the stopcock and let the excess solvent drain out but do not let the solvent front to be
below the silica layer. Never let the silica layer to dry.
-You can add another layer of sand on the top of the silica. (Optional)
Adding the sample
1) Dissolve the sample in the solvent system and gently add it onto the sand layer by using a
pipette. Do not disturb the silica layer during this step.
2) If the solvent front is above the sand layer, open the stopcock and drain out the excess
solvent until the solvent front reaches to sand level.
Elution of the sample
1) Carefully, introduce more solvent system to the column without disturbing the column.
2) Open the stopcock and use test tubes to collect the eluent.
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I filled 40 test tubes. Now what?
If you saw well-separated colored bands on the column, then you are lucky. Collect the
eluents based on their color, combine the same colored tubes into a round bottom one necked
flask, and evaporate the solvents by using a rotary evaporator. Characterize the purified
compound.
If you did not see any colored bands even under UV light illumination, then an overwhelming
job is waiting for you. You have to number all the test tubes and run a TLC for each of them
in the same conditions and if possible on the same plate.
Finally identify which tubes contain the pure, same substances and combine them. Recover
the pure products as describes above.
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FIRST TERM

PART 2: Alcohols, Acids, Esters and Ethers
(Oxidation-reduction)
VI.
VII.
VIII.
IX.

Acetone synthesis from isopropyl alcohol
Adipic acid synthesis
Dibutyl ether synthesis from butanol
Synthesis of isopentyl acetate
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VI. Acetone synthesis from isopropyl alcohol
Pre-lab questions
1) Why the boiling point of isopropyl alcohol (IPA, 83°C) is higher than acetone (56°C)?
2) Give an example of a redox reaction of a metal.

Ketones can be easily synthesized from the oxidation of alcohols. In this
experiment the oxidation of IPA to acetone will be carried out. This reaction is
the basis of the breathalyzers alcohol test. Primary alcohol oxidizes to
carboxylic acids with Jones reagent and the color of the orange Jones reagent
turns to greenish-black. Generally, silver nitrate is used in these breathalyzer
devices to catalyze this reaction. The reaction for ethyl alcohol with the Jones
reagent is given below:
2K2Cr2O7+3CH3CH2OH+8H2SO4→ 2Cr2(SO4)3+2K2SO4+3CH3COOH+11H2O
Without spectator ions:

4 HCrO4− + 3 RCH2OH + 16 H+ → 4 Cr3+ + 3 RCOOH+13H2O

Experimental procedure

In a beaker, 9.3 g of Na2Cr2O7.2H2O is dissolved in about 12 mL of water. The
solution is cooled and treated with 7 mL of concentrated H 2SO4 (96%, d = 1.84).
In a three-necked, round-bottomed flask fitted with a thermometer, mechanical
stirrer, and addition funnel, 50 mmols of IPA is added. The addition funnel is
charged with the oxidizing solution and the mechanical stirrer is started. The
oxidizing solution is added drop wise over about 30 min to the boiling IPA. Care
is taken not to exceed 90 degrees. Acetone is distilled.
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Post-lab questions
1)

2) Assign the oxidation states to each carbon of acetic acid, ethanol, acetaldehyde, and
chloroform.
3) What is Jones reagent?
4) Write a balanced reaction of the Jones reagent with a primary and secondary alcohol?
5) What happens in the oxidation of an alcohol by pyridiniumchlorochromate in the
presence of water?
6) What is Swern oxidation? What is its advantage over KMnO4 or Jones oxidation? Give
examples to Swern oxidation?
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VII. Adipic acid synthesis
Pre-lab questions
1) What are the uses of adipic acid?
2) Find the solubility of adipic acid in water and organic solvents.
In this experiment adipic acid will be synthesized from cyclohexanone. Even though ketones
cannot be oxidized by chromic acid, a strong oxidizing agent such as nitric acid or potassium
permanganate can oxidize certain ketones.
Molarmass 146.14 g/mol
Density 1.360 g/cm3
Melting point 152.1 °C
Boiling point 337.5 °C

Experimental procedure
Into a one-neck round-bottomed flask equipped with a water condenser, add 17.5 ml of nitric
acid and gently boil it. After that stop the heating and add 5 ml of cyclohexanone drop by
drop through the condenser in hour. As nitric acid contacts with cyclohexanone, the reaction
starts immediately and brown fumes of nitrous vapors are released (NOx). During the addition
the temperature of nitric acid should be close to its boiling point. Therefore, you can heat the
mixture between additions. After all the cyclohexanone is added, reflux the mixture for 20
minutes. Then, quickly transfer it to a clean beaker. Upon cooling whitish crude adipic acid
crystals should form. If crystals do not form, then place the beaker in an ice bath. Filter the
crude crystals and wash with 10-15 ml of cold water to remove nitric acid impurities. Since
adipic acid is also soluble in water. In order not to lose product in this step, the use of cold
water is essential. Dry adipic acid crystals.

Post-lab questions
1) How is adipic acid produced in the industry starting from benzene? What is KA oil?
2)
HNO3
a cyclic ketone
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VIII. Dibutyl ether synthesis from butanol
Pre-lab questions
1) Compare the water solubility of butanol and dibutyl ether.
2) Give examples to E1 and E2 reactions.
Molarmass 130.23 g·mol−1
Density 0.769 g/cm3
Melting point -97.9°C
Boiling point 142.4 °C

Experimental procedure
Into a one-neck round-bottomed flask equipped with a water condenser, add 10 grams of butyl
alcohol and 1.5 ml of concentrated sulfuric acid. A Dean Stark apparatus can also be used to
collect the water from the reaction medium. Heat this mixture to 134-135°C for about an
hour. Don't let the temperature to increase further which can cause the formation of butylene
and as a result the solution darkens. In the end, the reaction mixture is transferred to a 30 ml
of water containing separatory funnel. The upper layer which contains the ether is separated.
Washed with 30ml of water again and then washed with 10 ml of cold 50% sulfuric acid
solution. Finally, the ether is washed two times with 20 ml of water and then dried over CaCl 2
and distilled.

Post-lab questions
1) What is Williamson ether synthesis? What is its significance? Give examples.
2) What is the significance of temperature in this reaction?
3) Why the crude product was washed with 50% sulfuric acid?
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IX. Synthesis of isopentyl acetate
Pre-lab questions
1) Look up for examples to ester containing artificial flavors.
2) Name the following esters:

Esters are obtained from the reaction of carboxylic acids with alcohols. They can also be
synthesized by the reaction of acid chlorides or acid anhydrides with alcohols and by
transesterification. These reactions are condensation reactions which involve the elimination
of a small molecule (water, ammonia, HCl, etc.) from the combination of two or more
molecules. Simple esters are used as artificial flavorings due to their fruity odors. The table
below shows the structures of some of esters and their characteristic odors.

Experimental procedure
Mix isopentyl alcohol (5.4 ml) with concentrated (glacial) acetic acid (8.5 ml) in a one necked
round bottom reaction flask. Add 10 drops of sulfuric acid as catalyst and add a magnet or
boiling stones into the flask. Reflux this mixture for about an hour. Transfer the reaction
mixture to a separatory funnel and wash the ester with 20 ml of water two times. Keep the
aqueous extracts until the end of the experiment. Then wash the ester with 5% NaHCO3
(2x20ml). Add saturated NaCl solution (20 ml) and separate the ester layer, dry it over CaCl 2.
The isopentyl acetate can be distilled for further purification (bp:142°C-collect the fraction
between 135-145°C)
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Post-lab questions
1) Esterification reactions are equilibrium reactions. What can you do to increase the
reaction yield? (Hint: Think about Le Chatelier's principles.
2) What is the function of Dean Stark apparatus? Why and when is it used?
3) Draw a Dean Stark apparatus attached reflux setup.
4) The alcohol and the acid you used are water-soluble while synthesized ester is not.
Explain.
5) Explain the use of sodium bicarbonate, sodium chloride, sulfuric acid and anhydrous
sodium sulfate in this experiment. Write reactions where appropriate.

Teacher: Let's take a look at this beautiful mechanism.
Student: Oh my God, it is mechanisms again!
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FIRST TERM

PART 3: Additional Experiments
X.
XI.
XII.

Soap synthesis
Clear liquid hand soap
Cyclohexyl chloride from cyclohexanol
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X. Soap synthesis
Pre-lab questions
1) Revise your knowledge about esterification.
2) Define saponification, triglyceride, fatty acid and surfactant.
Soaps have a long history. The first references to a soap dates back to the time of Babylons at
around 2800BC. Later on findings indicate that Egyptians prepared soap by heating vegetable
oil with ashes. According to a Roman legend, the name "soap" comes from the mountain
named Sapo. It is believed that the sacrificed animal fats and ashes were carried to the
riverside by rain and women found it easier to clean with this mixture. If we leave this hoax
aside, etymologically the name soap comes from "saipa", a German word for tallow or fat.
Starting from the early 700s, people began to produce soaps in Europe and but large scale
manufacturing of soap began in the late 18th century. (A full history of soap with illustrations
can be found in http://www.cleaninginstitute.org/clean_living/soaps__detergent_history.aspx)

Experimental procedure
Bring olive oil and/or sunflower oil. Palm oil, coconut oil and castor oil or any of these
can also be added.
We will use the cold process method for the preparation of soap. Briefly, all oil will be mixed
in a container. If you bring oils like coconut oil which are semisolids at room temperature, we
will first melt these oils and then slowly add them to the oil mixture. Then we will add the lye
solution (NaOH aqueous solution). The amount of the lye solution depends on the
composition and amount of the oil mixture. Therefore the amount of the lye will be calculated
during the lab hour.

Post-lab questions
1) How do soaps clean?
2) What is micelle formation?
3) Write the chemical structures of palmitic acid, stearic acid, oleic acid, linoleic acid and
linolenic acid.
4) When soaps are used with hard water, an insoluble solid precipitates. Why? Write the
related reaction.
5) Can we make soaps from engine (motorine) oil or silicone oil?
6) Olive oil contains approximately 70% oleic acid and 15% linoleic acid and 15%
palmitic acid. Write the chemical structure of olive oil and show its hydrolysis with aqueous
NaOH solution.
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Teacher: This mechanism is amazing. Like a dream!
Student: I think he doesn't know the difference between a dream and
a nightmare. Do you really think this is fun?
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XI. Clear liquid hand soap
Pre-lab questions
1) Give examples to surfactant types.
2) Look at the ingredients of the shampoo or liquid soap in your homes. Do they look the
same as given in the table below?

Experimental procedure
Into a clean 1-liter beaker, 800 ml of water is added. Then SLES, Cocamidopropyl betaine
and cocamide diethanolamine were added slowly to beaker under stirring. During this step it
is crucial not to stir vigorously since it can cause bubbles. After all the surfactants are
dissolved, Glycerine, DMDMH, Dye, perfume and EDTA are added. pH is adjusted to 5.5
with citric acid addition. Finally, NaCl is dissolved in the remaining amount of water and
slowly added to this mixture. As this NaCl solution is added, the viscosity will increase. If the
desired viscosity is not obtained, then more NaCl can be added. Nevertheless, after a
threshold value, further addition of NaCl causes the viscosity of this solution to decrease.
Ingredient

*Amount (g)

SLES
Cocamidopropyl
betaine

T
O
P
S
E
C
R
E
T

Cocamide
diethanolamine
Water
Glycerine
Citric acid

EDTA

NaCl
DMDMH or Paraben

Function

Structure

Anionic surfactant
/main cleaner
Zwitteric Surfactant
/Foam booster
Nonionic Surfactant
/ Foam booster
Solvent

H2O

Moisturizer
pH control agent

Cation complexant

Viscosity adjustment

-

preservative

Dye

Few drops

Colorant

-

Perfume

Few drops

Fragrant

-

* The amounts of these ingredients will be revealed during the lab hour.

Post-lab questions
Hurray! No postlab questions...............
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XII. Cyclohexyl chloride from cyclohexanol
Pre-lab questions
1) Give examples to nucleophilic substitution reactions.
2) Give examples to elimination reactions.
In this experiment, Chlorocyclohexane or Cyclohexyl chloride will be synthesized from
cyclohexanol.
Molarmass 118.60 g/mol
Density 1 g/cm3
Melting point -44°C
Boiling point 142°C

Experimental procedure
In a 100 ml round-bottomed flask, fitted with a reflux condenser, 5 grams (50mmoles) of pure
cyclohexanol, 13 ml of concentrated hydrochloric acid and 4 g of anhydrous calcium chloride
are placed. The reaction mixture is refluxed in a boiling water bath with occasional shaking.
After 2 hours of boiling, the flask is cooled to room temperature. The lower layer is discarded
and the upper layer is washed with saturated sodium chloride solution, saturated sodium
bicarbonate solution, saturated sodium chloride solution again. Crude cyclohexyl chloride was
then dried with excess of anhydrous calcium chloride or magnesium sulfate for at least 24
hours. The crude cyclohexyl chloride can be purified by fractional distillation. The fraction
boiling at 141.5-142.5° C is collected.

Post-lab questions
1) Write mechanisms for the SN1 and SN2 reactions. Be sure to use arrows to show the
movement of electrons.
2) Is this an SN1 or SN2 reaction?
3) What is the purpose of CaCl2 in this experiment?
4) What is the roundabout mechanism proposed in 2008? (Read here
http://science.sciencemag.org/content/319/5860/168)
5) What would be the product if cyclohexyl chloride is heated with sodium hydroxide in
the presence of ethanol? Name this reaction (E1, E2).
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SECOND TERM

PART 1: Simple Drugs
I. Aspirin
II. Paracetamol
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I. ASPIRIN SYNTHESIS (2-(acetyloxy)benzoic acid)
Pre-lab questions
1) What is esterification? Revise your first term notes.
2) What is the connection between willow tree and aspirin?
Aspirin, which was patented by Bayer in 1893, is an Analgesic (painkiller), Antipyretic (fever
reducer) and an Anti-inflammatory drug.

Experimental procedure
Weigh out 5.00 g of salicylic acid into a dry, clean Erlenmeyer flask and add 7 ml of acetic
anhydride to this flask. Then add 7-8 drops of concentrated sulfuric acid while swirling the
flask. Heat the flask on an hot plate or in a water bath until all salicylic acid is dissolved. The
temperature should not exceed 80 degrees Celsius. Then let the flask to cool to room
temperature. Add 15 ml of distilled water (Why?) Place the erlenayer flask into an ice bath to
facilitate the crystallization of aspirin. Filter the crude aspirin. Rinse the Erlenmeyer with cold
water (2-3 ml). Recrystallize aspirin from ethanol-water to purify.

H2SO4

Salicylic acid

Acetic anhydride

Acetyl salicylic acid

Acetic acid

Post-lab questions
1) How can we produce salicylic acid synthetically? Kolbe-Schmitt
2) Write the mechanism for Kolbe-Schmitt reaction.
3) Write the mechanism for Cumene process.
4) How would you check the purity of aspirin? Is there any chemical test for salicylic
acid?
5) Write the synthesis of heroine from morphine.
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Teacher: ............when the carbonyl of the acetic anhydride is
protonated, the electrophilicity of this carbon.................. The -OH
group acts as a nucleophile.................
Student: Carbonyl?, Protonated?, Electrophilicity? (Is there a word
like this in the dictionaries? I think he made that up now!)
Nucleophile?
????????????????????????
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II. PARACETAMOL SYNTHESIS (Acetaminophen)
Pre-lab questions
1) Write the functional groups in paracetamol and benzocaine.
2) How is acetic anhydride synthesized?
Paracetamol is a widely used analgesic and antipyretic drug. It acts similar to aspirin but it is
less irritating to the stomach.

Experimental procedure
Mix 2.00 g of 4-aminophenol with 18ml of water in an Erlenmeyer flask and add 2.3 ml of
acetic anhydride. Shake this mixture until all solids dissolve. As you continue shaking, white
solids will start to precipitate. Continue shaking for at least 10 minutes. Alternatively, you can
heat the first mixture until all dissolves at 120°C for at least 20 minutes and then cool to room
temperature. Filter the crude crystals. Then crystallize from water. In order to control the
purity of paracetamol, TLC can be performed. Mobile phase: 65:32:3 ethyl acetate/ petroleum
ether/acetic acid). Spot both your product and amino phenol by using ethyl acetate.

4-aminophenol

acetic anhydride

Post-lab questions
1) Amino phenol is soluble in water/acetic anhydride mixture. However, paracetamol
precipitates out. Why it is not soluble in this mixture after acetylation?
2) If you add sulfuric acid instead of water (like you did in the aspirin synthesis), both the
hydroxyl and amino groups get acetylated. Why?
3) Which group is a better nucleophile? -NH2 or -OH.
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SECOND TERM

PART 2: Amines
III. Phthalimide (Gabriel amine synthesis)
IV. Nitration of benzene
V. Reduction of nitro groups
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III. Phthalimide (Gabriel amine synthesis)
Pre-lab questions
1) Give examples to amine synthesis from alkyl halides.
2) Draw the following functional groups: imide, amide, carbonate, urea, isocyanate and
anhydride.
Phthalimide is a reagent used for the preparation of primary amines via Gabriel amine
synthesis and also it is an important precursor for the synthesis of several organic molecules
such as (anthranilic acid, Phthalonitrile, etc.)
Molarmass 147.13 g/mol
pKa: 8.3
Melting point 238°C
Boiling point 336°C

Experimental procedure
In a 100 ml reaction flask (a flask with a long neck is better or a condenser can also be used),
phthalic acid anhydride (2,5g) was mixed with urea (0,6g). Mixture was heated in a heating
mantle. During heating, the flask should be shaked occasionally. (Phthalic anhydride sublimes
during heating so care should be taken, and if excess amounts of phthalimides crystallize on
the neck of the flask or condenser, these solids must be pushed back to the flask with a glass
rod.) All solids melt, immediately react and solidify. The volume of the mixture increases to
triple its size. The flask is cooled to room temperature. 20-25 ml of cold water is added and
solids are filtered. Almost pure phthalimide is obtained. If desired, it can be recrystallized
from water or alcohol. (m.p. 232-235°C).

Post-lab questions
1) Write the mechanism for Gabriel amine synthesis. Give examples to the synthesis of
primary amines via this method.
2) Write the mechanisms for the hydrolysis of the N-alkyl phthalimide via hydrazine and
KOH (or NaOH), respectively.
3) Phthalimide is acidic with a pKa of 8.3. Explain the acidity of phthalimide.
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Teacher: You are not responsible from this mechanism.
Student: This must be a sign of Armageddon.

Gabriel Amine Synthesis
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IV. Nitration of Benzene
Pre-lab questions
1) How is TNT (trinitro toluene) prepared?
2) What is an aromatic compound?
3) Show the ortho, para and meta positions on the structure of toluene.
Nitration is a common procedure for the synthesis of several nitro functionalized molecules
which can be further subjected to reduction to produce amines or used in displacement
reactions.

Experimental procedure
To a flask placed in an ice bath, first 7.5 ml of nitric acid is added, followed by the addition
of 8.5 ml of sulfuric acid, slowly. The temperature of this acid mixture is reduced to 0-5°C
and benzene (6 ml) is added drop by drop. During these additions, the temperature increases
due to the exothermic nature of this nitration reaction. Nevertheless, the temperature should
not be allowed to rise over 50-60°C. After all the benzene is added, a condenser is fitted to the
flask and the mixture is heated under stirring for an hour at 50-60°C. After cooling to room
temperature, nitrobenzene should separate from the mixture and constitute the upper phase
while unreacted acids remain in the lower phase. Lower phase is separated from the
nitrobenzene phase by using a separatory funnel. Nitrobenzene is washed a couple of times
with water until neutralization. It is dried over calcium chloride and distilled (Bp: 206-207).
DO NOT DISTIL TILL' DRYNESS! Dinitro or trinitro derivatives, which are explosive,
maybe formed during heating.

Post-lab questions
1) What are activator and deactivator groups?
2) Write the mechanism for the nitration of phenol and show all the resonance structures
for ortho, para and meta attacks.
3) Draw the resonance structures formed by ortho, meta, and para electrophilic attack on
nitrobenzene.
4) In this experiment, sulfuric acid is added on nitric acid not the other way. Why?
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Additional experimental procedure
Nitration of phthalimide:
Phthalimide can be nitrated similar to literature (REV. CHIM. (Bucureºti) ♦ 59 ♦ Nr. 9 ♦
2008). Briefly; 3 grams of phthalimide was added in portions in 30 minutes to a mixture of
4.5 grams of nitric acid and 20 ml sulfuric acid containing Erlenmeyer flask stirred in an ice
bath. The temperature of this mixture should be decreased to 0°C before additions. After the
addition is completed, this mixture must be stirred for at least 30 minutes more. All
phthalimide should be dissolved at the end of this time. However some undissolved material
can be observed.
This mixture then transferred to a hot water bath at 60-70°C and stirred for 1 hour. Finally this
acidic mixture is poured upon ice and 4-nitro-phthalimide is precipitated. It is filtered and
dried.

Teacher: Stronger acid protonates the weaker acid.
Student: I am coming undone. Mechanisms deprotonate me!!!!!
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V. Reduction of nitro groups
Pre-lab questions
1) Draw the chemical structure of aniline.
2) Suggest two reactions for the reduction of nitrobenzene.

Experimental procedure
Mix 8 ml of nitrobenzene with 25 grams of tin (Sn) in a one necked flask and attach a
condenser. Pour 50 ml of concentrated hydrochloric acid slowly over the condenser and
shake the flask from time to time between additions. If the temperature starts to increase
too much, stop adding the acid and immerse the flask in a cold-water bath. After all the
acid is added, heat the mixture on a water-bath for about 30 minutes (shake the flask
occasionally). After cooling to room temperature, add 30% NaOH solution until the
solution is highly basic (pH:10-12). Steam distil the aniline from this mixture. Collect the
distillate which is a two phase system: water and aniline. Transfer this mixture to a
separatory funnel, add 30grams of sodium chloride (salting out) and extract aniline with
ether (20 ml x 3times). Dry the ether extract over alkali salt (NaOH or KOH). Filter the
solution and first distil ether by simple distillation, then aniline by vacuum distillation.

Post-lab questions
1) Why sodium hydroxide is added in the second step of the reduction reaction of
nitrobenzene with Fe/HCl?
2) How can you synthesize Nitrobenzene from aniline?
3) Why sodium hydroxide is added in this reaction? Write related reactions.
4) Aniline cannot be dried over CaCl2. Why?
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SECOND TERM

PART 3: Aromatics
VI.
VII.
VIII.
IX.

Azodyes (Methyl orange)
Benzoin and Benzil
Preparation of dibenzalacetone (mixed aldol reaction)
Cannizzaro
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VI. Azodyes
Pre-lab questions
1) What is a dye? What is a pigment? What are their differences?
2) What is an azo group?
3) What is the relation between delocalization in organic compounds and color?
Azo group containing organic molecules are mainly used as textile dyes, thermal or photo
initiators, acid-base indicators and antibacterial agents. In this experiment, you will synthesize
an azodye. We will discuss the diazonium salt preparation, coupling reactions and Sandmeyer
reactions.
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Experimental procedure: 2-naphthol orange (Acid orange 7)
A)

Diazotization

i) Dissolve 1 grams of sulphanilic acid in 20 ml of water in 100 ml beaker. Add 0.4
grams of anhydrous Na2CO3. Then cool this solution to 0-5⁰C by adding 30 grams of crushed
ice. If needed, use an ice bath.
ii) In another beaker dissolve 0.4 grams of NaNO2 in 3 ml of water. Add this solution
to the cold solution prepared in i).
iii) Mix 5 ml of water with 0.8 ml of HCl and add this acid drop by drop to the mixture
prepared in the previous step. The temperature should be between 0-5⁰C and it should not
exceed 10⁰C.
B)

Dissolution of β-naphtol.

Prepare a 4 ml of 10% NaOH solution and dissolve 0.72 grams of β-naphtol. Cool this
solution in an ice bath.
C)

Coupling reaction

Add solution B to solution A under stirring.
Isolation of the azo dye;
Stir the final solution for at least 10 minutes. Then heat the solution until all precipitates (İf
formed any) are dissolved. Then while still under heating add 2 grams of NaCl. Cool the
solution first at room temperature then in an ice bath to crystallize the azo dye. After filtration
the crystals can be further purified by recrystallization from water/ethanol. First the crystals
are dissolved in the minimum amount of hot water. Then the hot aqueous solution is cooled to
78⁰C and ethyl alcohol is added (twice the amount of the water used).
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Experimental procedure: Methyl orange (helianthin)
A)

Diazotization

i) Dissolve 2 grams of sulphanilic acid in 5 ml of NaOH solution in 600 ml beaker.
Then cool this solution to 0-5⁰C in an ice bath.
ii) In another beaker dissolve 0.8 grams of NaNO2 in 100 ml of water. Add this
solution to the cold solution prepeared in i).
iii) Add 50 ml of 2N HCl, drop by drop to the mixture prepared in the previous step.
The temperature should be between 0-5⁰C and it should not exceed 10⁰C.
B)

Dissolution of dimethyl aniline.

Dissolve 1.2 grams of dimethyl aniline in 10 ml of 1N HCl solution. Cool this solution in an
ice bath.
C)

Coupling reaction:

Add solution B to solution A under stirring. In a few minutes, a red precipitate of helianthin
should form. Keep the mixture cooled in an ice bath for about 15 minutes to ensure
completion of the coupling reaction.
Isolation of the azo dye;
Add 10% aqueous sodium hydroxide (NaOH) solution. Do this slowly and with stirring, as
you continue to cool the beaker in an ice bath. Check with pH paper to make sure the solution
is basic. Boil the mixture for 15 minutes to dissolve most of the newly formed methyl orange.
When all (or most of it) the dye is dissolved, add 2.5 g of sodium chloride, and cool the
mixture in an ice bath. The methyl orange should recrystallize. Filter using a Buchner funnel.

Post-lab questions
1) Give examples to Sandmeyer reactions.
2) What happens when an aliphatic primary amine reacts with nitrous acid?
3) Show how would you prepare an azodye from benzene. (You are not allowed to use
other organic molecules but you can use any reagent. Hint: Combine nitration, reduction and
Sandmeyer reactions)
4) How can you prepare Congo red and bismark brown?
5) Write the reaction mechanisms for helianthin and Acid orange 7.
6) Why nitrous acid is not sold commercially?
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Teacher: Some of the azo dye derivatives are considered as
carcinogens.
Student: I think it is not the azodyes that are carcinogen, the
mechanism of this diazoatisation is both carcinogenic and mutagenic.
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VII. Benzoin and Benzil
Pre-lab questions
1) What is a condensation reaction?
2) Assign the oxidation number of the carbon bonded to -OH in benzoin and the carbons
in benzil.
Benzoin is a precursor to benzil, which is used a photoinitiator for polymerization
reactions. In literature you can find several benzoin derivatives. This experiment is very
common in organic chemistry labs for undergraduate students. There are two different
procedures for this reaction. In the old school method, highly toxic KCN (or NaCN) is used
while in the modern variation, benzoin is synthesized via thiamine (Vitamin B). In the latter
method, also refluxing is eliminated.
This reaction is called as Benzoin condensation, though it is not a condensation but rather
an addition reaction.

Experimental procedure: Benzoin condensation
In a 100mL one-neck round bottom flask, 0.5g of NaCN, 5 ml of water and 6 ml of ethanol
were mixed with 5 grams of benzaldehyde. The mixture was refluxed for 30 min. The solution
was cooled down with an ice bath until crystallization. The obtained crystals were washed
with water and then recrystallized in ethanol.

KCN or NaCN, EtOH and H 2O
or Thiamine

Experimental procedure: Benzil synthesis
In a 100mL one‐neck round bottom flask equipped with a condenser, add 10mL of nitric acid,
and 1.9g of benzoin. Heat this solution at 100°C under shaking until all the red fumes are
removed (at least 1.5 hours). Then, pour the solution to 30mL of cold water and strongly
agitate until a precipitate forms. Benzil can be purified by recrystallization from ethanol. Its
purity can be tested by TLC (CH2Cl2 was the eluent).
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Post-lab questions
1) Write the mechanism of thiamine catalyzed benzoin synthesis.
2) What is the function of cyanide in this reaction?
3) Neither 4-Dimethylaminobenzaldehyde, nor 4-nitrobenzaldehyde undergoes Benzoin
condensation reaction. Explain.
4) Write the product of the reaction of NaBH4 with benzil.
5) What happens when you react Benzil with NaOH?
6) Why is 95 % ethanol added in the synthesis of benzoin?

Student: Why am I learning these mechanisms? (1)
Teacher: Because I say so. :)
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A couple of reactions using benzoin and benzil:
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VIII. Preparation of dibenzalacetone
Pre-lab questions
1) What is an aldol reaction?
2) What is an enolate?
3) What is an alpha hydrogen?
Dibenzylideneacetone is used as a ligand and as a precursor for several organic compounds.

Experimental procedure
Mix 6 mL of ethanol with sodium hydroxide solution (0.8 grams in 7mL water) in a 100 mL
round bottom flask. Weigh 0.8 g (8 mmol) of benzaldehyde and mix with 0.3 mL (4 mmol) of
acetone. Add half of this solution into the round bottom flask. Shake the mixture vigorously
from time to time for at least 15 minutes. This solution will start to become cloudy, and a
yellow precipitate will start to form. Then add the other half of the benzaldehyde/acetone
solution. Shake the flask ever 2-3 minutes, for 30 min. Filter the pale yellow crystals and
wash them with cold water. Recrystallize from acetone.

NaOH, H2O, EtOH

Post-lab questions
1) Show how could you synthesize cinnamaldehyde from benzaldehyde.
2) What would be the product if cyclohexanone was used instead of acetone?
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Student: Why am I learning these mechanisms? (2)
Teacher: By learning them, you'll get a better understanding of
organic reactions. By understanding the mechanism that underlies
a certain reaction, you will know what you are doing and what
you should not. Besides, it improves your intellectual capacity.
Student: Wow, that was impressing. I thought only my hexagon
drawing skills were improving.

-OH

-OH

Benzalacetone

Repeat
previous steps

Dibenzalacetone
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IX. Cannizzaro
Pre-lab questions
1) Write the chemical structures of benzaldehyde, methanal, benzoic acid, benzyl alcohol,
phenol, benzophenone, acetophenone and acetaldehyde.
2) How can you synthesize benzaldehyde from benzyl alcohol via oxidation?
Cannizaro is classical example for a disproportionation reaction in which an alpha hydrogen
deficient aromatic aldehyde forms an acid and alcohol.

Experimental procedure
5.6 grams of KOH is dissolved in 5 ml of water in an Erlenmeyer flask and the mixture is
cooled to 10°C. Then 6.4 ml of benzaldehyde is added. The flask is closed with a stopper and
vigorously shaked and kept in this closed flask for one day. After one day, 20 mL of water is
added to dissolve potassium benzoate. This mixture is added into a separatory funnel and
benzyl alcohol is extracted three times with 6 mL of ethylether (or chloroform,
dichloromethane). Aqueous phase and the organic phases are collected into two different
beakers respectively. Ether is evaporated and benzyl alcohol is obtained. Benzyl alcohol can
be distilled for purification (200-205°C fraction). Aqueous phase is poured into ice chilled
HCl (16 mL of conc HCl and 20 grams of ice). Benzoic acid precipitates out and washed with
cold water, crystallized from hot water.

Post-lab questions
1) Write a mechanism for the intramolecular Cannizaro reaction of the following
compound:

2) Write the crossed Cannizarro reaction of benzaldehyde with formaldehyde. In this
crossed cannizzaro reaction, benzyl alcohol and formic acid forms. Why not the reaction
proceed in the other way around?
3) Benzaldehyde readily forms a white solid compound upon exposure to air at room
temperature. What is this solid compound? How does it form?
4) Determine the oxidation numbers and assign the oxidation and reduction product.
5) Why does an alpha hydrogen deficient ketone not undergo this reaction?
6) In the purification process, the organic solvent may contain unreacted benzaldehyde.
How would you get rid of that?
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Teacher: This reaction is named after the Italian chemist;
Stanislao Cannizzaro.
Student: Zorro? This mechanism should be easy. Because all
Zorro can write is "Z"
Teacher: (stunned!)
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SECOND TERM

PART 4: Additional Experiments
X.
XI.

Iodoform
Glass cleaner
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X. Iodoform
Pre-lab questions
Hurray! No pre-lab questions again.
Iodoform, CHI3 is a yellow, volatile substance, which is used as an antiseptic. The reaction
that produces iodoform is known as haloform reaction. Methyl ketones or alcohols which are
oxidizable to methyl ketones, such as IPA or Ethanol, under basic conditions react with
halogens to form chloroform (CHCl3), bromoform (CHBr3), or iodoform (CHI3) and an
organic acid. Fluoroform cannot be obtained via haloform reaction. A general scheme for this
reaction is given below:

3 X2, 3
3
R: alkyl, aryl, H
X: Cl, Br or I

The main aim in this reaction is generally not to obtain the haloform compound but the
carboxylic acid from methyl ketones. The liquid chloroform and bromoform are immiscible
with water and can be easily separated from the aqueous solution containing the carboxylate
anion. When iodine is the halogen component, the bright yellow solid iodoform precipitates
out.

Experimental procedure
3 grams of KI is dissolved in 50 ml of water and 1 ml of methylethylketone (MEK) is added.
While stirring 5% NaClO solution is added drop by drop. Approximately 35 ml of solution is
needed. The solution is set aside to let the precipitate settle down then the precipitate is
filtered off. In order to purify CHI3, it can be crystallized from ethyl alcohol.
Alternatively, this reaction can be conducted as follows: 3 grams of KI, 1.5 grams of I2 and 1
ml of MEK are dissolved in 50 mL of water. Then at about 30 mL of 10% NaOH solution is
added to precipitate out the iodoform.

KI(aq)
NaClO

CH3I

Post-lab questions
1) This reaction can be used to distinguish ethanol from methanol. How?
2) Investigate the relation of water chlorination and haloform reaction.
3) You can take a look at this old review about this reaction. (The Haloform Reaction.
Reynold C. Fuson, and Benton A. Bull Chem. Rev., 1934, 15 (3), 275-309.
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Student: The lab smelled like a hospital.
Teacher: Ok then, it is time for the autopsy of this reaction.
Student: It doesn't make it funnier to use the word "autopsy"
instead of "mechanism".
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XI. Glass cleaner
Pre-lab questions
1) Write down the ingredients of the glass cleaner in your house.

Experimental procedure
Add water to a clean beaker and slowly add all other chemicals. Add alcohol in the final step.
Check the pH, and adjust if necessary.
There are three formulations given below. The first three formulations contain surfactant and
the last one is surfactant free.
Chemical
Anionic surfactant
(SLES)
Nonionic surfactant
Water
Dye
Perfume
Isopropyl alcohol
EDTA or Tetrasodium
pyrophosphate
Dimethicone or
siloxanes
Ammonia or
monoethanolamine
Ethanol
Glycol ether (Butyl
monoether glycol,
Propylene glycol
n-butyl ether or
Dipropylene glycol
methyl ether)

Formula 1
-

Formula 2
5

Formula 3
0.45

Formula 4
-

7
88
Few drops
Few drops
5
-

85
Few drops
Few drops
10
0.3

93.5
Few drops
Few drops
5
-

75
Few drops
Few drops
8-11
-

-

-

0.05

0.5

-

-

-

0.5

-

-

1

12
1-4

To adjust the pH of these solutions citric acid can also be used if necessary. Generally the pH
of these glass cleaners are between 9-11. Moreover biocides, wetting agents (such as N-Octyl2-Pyrrolidone), thickening agents and other additives can be added to the formulations.
Formula of a commercial glass cleaner can be found is this link:
http://www.whatsinsidescjohnson.com/us/en/brands/windex/windex-original-glass-cleaner

Post-lab questions
1) Why alcohol (isopropyl alcohol or ethanol) is added?
2) Why some formulations also include glycol ethers?
3) What is the function of siloxanes used in some of these formulations?
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