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Alcohols, Phenols, and Ethers
Directions:  Read the Goals, Background, Safety, and Procedure sections for this 
experiment, then answer the following questions in the space provided.  

Draw the following structures and classify each as a(n) alkane, cycloalkane, alkene, 
cycloalkene, aromatic, 1° alcohol, 2° alcohol, 3° alcohol, phenol, or ether.  If more than 
one classification is accurate, then include all appropriate classifications. (The common
names used for some of these compounds may require you to seek information outside of the written lab 
materials.  You may look up structures in your book or on-line.  Also, you might want to copy this pre-lab for 
reference during the lab session.) 

Compound Structure Classification

hexane 

cyclohexane 

1-hexene 

cyclohexene 

1,3-cyclopentadiene 

toluene 

phenol 
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Compound Structure Classification

hydroquinone 

diethyl ether 

benzyl alcohol 

n-butanol 

2-butanol 

isopropanol 

t-butanol 

2-methyl-2-butanol 

1,2-propanediol 
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Goals: •  Explore the physical properties of hydrocarbons, alcohols, phenols, 
and ethers. 

• Perform chemical reactions using hydrocarbons, alcohols, phenols,
and ethers. 

• Determine the classification of unknowns* based on physical and
chemical properties. 

*The unknowns belong to the same chemical classes as examined here
(alkane/cycloalkane, alkene/cycloalkene, aromatic, 1° alcohol, 2° alcohol, 3° alcohol,
phenol, or ether).  The unknowns do not have the same identity as the known
compounds.

Purpose:  To investigate the physical and chemical properties of hydrocarbons, 
alcohols, phenols, and ethers. 

Background: 
Students have the opportunity to learn about hydrocarbons (alkanes, 
cycloalkanes, alkenes, cycloalkenes, alkynes, and aromatics) as well as 
alcohols, phenols, and ethers.  This lab helps develop this knowledge by 
allowing students to test the properties of these compound classes as well as 
classify two unknown compounds. 

Physical Properties 
Hydrocarbons are hydrophobic.  Alcohols, phenols, and ethers all contain 
oxygen atoms which can experience hydrogen bonding with water; therefore, 
alcohols, phenols, and ethers are more soluble in water than hydrocarbons.  
Not all alcohols, phenols, or ethers are soluble in water, though.  Solubility 
depends on the number of carbon atoms in these compounds.  The more 
carbon atoms present, the less soluble in water the alcohol, phenol, or ether 
molecules are. 

Hydrocarbons are soluble in nonpolar solvents.  Alcohols, phenols, and ethers 
can also dissolve in nonpolar solvents.  The solubility of alcohols, phenols, and 
ethers in nonpolar solvents increases as the number of carbon atoms in these 
compounds increases. 

When two substances are immiscible, the substance that floats on the other 
substance is said to be less dense than the non-floating substance. 

Combustion 
Hydrocarbons can burn in the presence of oxygen.  Natural gas is primarily 
composed of the hydrocarbon methane.  Methane’s ability to burn allows it to 
be used as a way of heating houses.  If oxygen is the excess reactant, the 
process is called complete combustion and only carbon dioxide and water are 
produced.  If the hydrocarbon is the excess reactant, the process is called 
incomplete combustion and carbon black (soot), carbon monoxide, carbon 
dioxide, and water are produced.  Today you will observe several combustion 
reactions and rank them in order of relative completeness. 



An example of a balanced complete combustion reaction is: 

CH4 (g) + 2 O2 (g) → CO2 (g) + 2 H2O (g) 

Reaction with bromine 
Unsaturated hydrocarbons react rapidly with bromine.  The bromine is typically 
dissolved in a nonpolar solvent, like cyclohexane or carbon tetrachloride.  The 
reaction between an alkene or an alkyne and bromine is an addition reaction.  
The reaction between an aromatic and bromine is a substitution reaction that 
requires a catalyst.  Alkanes, alcohols, and ethers do not react with bromine. 

CH3 CH3 + Br2 No Reaction

CH2 CH2 + Br2 CH2 CH2

BrBr

CH CH + Br2 CH CH

Br

Br

Br

Br

+ Br2

Br

+ HBr
Fe

CH3 CH2 + Br2 No Reaction

OH

CH3 O + Br2 No Reaction

CH3

Bromine is often used to test the saturation of a hydrocarbon because bromine 
has a characteristic red-orange color.  If red-orange bromine is added to a clear 
hydrocarbon and the new mixture turns red-orange, no reaction has occurred 
because the hydrocarbon is already saturated.  If red-orange bromine is added 
to a clear hydrocarbon and the new mixture stays clear, the hydrocarbon is 
classified as unsaturated because it contained a double or a triple bond. 

Br2 test for Unsaturated Compounds 
Initial Color of 

Compound 
Color after adding 

Br2 Test Result Classification
clear red-orange negative saturated

(or aromatic)* 
clear clear positive unsaturated



*To distinguish between a saturated hydrocarbon and an aromatic, add an iron
catalyst.  If the red-orange color disappears, the compound was aromatic.  

Reaction with potassium permanganate (Baeyer Test) 
Dilute or basic solutions of KMnO4 (purple solution) oxidize unsaturated 
compounds that contain a double or a triple bond to produce alcohols with 
more than one hydroxide group and MnO2 (a brown solid).  Aromatics are 
unreactive with KMnO4 because aromatics do not undergo addition reactions.  
Primary and secondary alcohols can also be oxidized by KMnO4.  Tertiary 
alcohols do not react with KMnO4. 

CH3 CH3 + KMnO4 + H2O No Reaction

CH2 CH2 CH2 CH2

OHOH

CH CH CH CH

OH

OH

OH

OH

+ 2 KMnO4 + 4 H2O3 3 + 2 MnO2 + 2 KOH

3 + 4 KMnO4 + 8 H2O 3 + 4 MnO2 + 4 KOH

+ KMnO4 + H2O No Reaction

CH3 CH2

OH

CH3 O No Reaction

CH3

+ KMnO4 + H2O CH3 C

O

OH + MnO2 + KOH

+ KMnO4 + H2O

(not balanced as written - a common organic chemistry practice!)

CH3 CH

OH

+ KMnO4 + H2O CH3 C

O

CH3 + MnO2 + KOH
(not balanced as written - a common organic chemistry practice!)

CH3

CH3 C

OH

+ KMnO4 + H2OCH3

CH3

No Reaction



Baeyer Test 
Initial Color 
of Compound 

Color after 
adding KMnO4 Test Result Classification 

clear purple negative alkane, aromatic, 3° alcohol, 
or ether 

clear brown positive unsaturated, 1° or 2° alcohol 

Lucas Test 
This test is used to distinguish between water-soluble primary, secondary, and 
tertiary alcohols.  This test should only be performed on the water soluble 
compounds in your list.  The Lucas reagent is a mixture of zinc chloride, 
ZnCl2, in concentrated HCl.  Tertiary alcohols react rapidly with Lucas reagent 
to produce an insoluble white layer.  Secondary alcohols react slowly and, after 
heating slightly, give a white layer within 10 minutes.  Primary alcohols do not 
react.  Formation of a heterogeneous phase or appearance of an emulsion 
(cloudy layer) is a positive test. 

CH3 CH2

OH

No Reaction

CH3 CH

OH

CH3 CH

Cl

CH3 + H2OCH3

CH3 C

OH

CH3

CH3

+ HCl
ZnCl2

CH3 C

Cl

CH3

CH3

+ HCl
ZnCl2

+ H2O

+ HCl
ZnCl2

(<5 min)

(10 min with heat)

Lucas Test 
Initial Color 
of Compound 

After Adding 
ZnCl2/HCl Test Result Classification 

clear clear
(even after heating) 

negative 1° alcohol or  
not an alcohol 

clear cloudy
(immediately) 

positive 3° alcohol

clear cloudy
(only after heating) 

positive 2° alcohol

Bordwell Test 
This test is used to distinguish primary and secondary alcohols from tertiary 
alcohols.  This acidified dichromate solution will oxidize primary alcohols to 
carboxylic acids and secondary alcohols to ketones.  Oxidation results in the 
brown-red color of the Bordwell reagent changing to a blue-green solution when 
Cr2(SO4)3 is produced.  The reaction is exothermic.  Tertiary alcohols cannot be 
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oxidized and will not react with the Bordwell reagent.  Phenols are oxidized to 
nondescript brown tarry masses. 

CH3 CH2

OH

CH3 CH

OH

CH3 C

O

CH3CH3

CH3 C

OH

CH3

CH3

+ 4 H2CrO4 + 6 H2SO43 CH3 C

O

3 OH + 2 Cr2(SO4)3 + 13 H2O

3 + 2 H2CrO4 + 3 H2SO4 + Cr2(SO4)3 + 8 H2O3

+ H2CrO4 + H2SO4 No Reaction

OH

+ H2CrO4 + H2SO4
complicated products that 

are brown and tarry

Bordwell Test 
Initial Color 
of Compound 

After Adding 
Bordwell Reagent Test Result Classification 

clear brown-red negative 
3° alcohol or  

other compound that is not 
able to be oxidized 

clear blue-green positive 1° or 2° alcohol 
clear brown, tarry positive phenol

Iron (III) chloride Test 
Addition of aqueous iron (III) chloride to a phenol gives a colored solution.  
Depending on the structure of the phenol, the color can vary from green to 
purple. 

OH + FeCl3 O Fe

Cl

Cl + HCl

Iron (III) chloride Test 
Initial Color 
of Compound 

After Adding  
Iron (III) chloride Test Result Classification 

clear yellow negative not a phenol 
clear green to purple positive phenol 
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pH 

Phenol is also called carbolic acid.  Phenol is an acid and will react with base; 
thus, phenols readily dissolve in base solutions.  In contrast, alkanes, alkenes, 
alkynes, other aromatic compounds, ethers, and alcohols are not acidic. 

Procedure:  

Label a 400 mL beaker at your station as a “waste beaker.”  Use this as a 
place to pour your solutions after each test.  At the end of lab, pour the 
contents of your waste beaker into the “Organic Waste from Lab 10” 
container. 

Physical Properties 
1. Label 2 small test tubes for each of the compounds you will test

(16 knowns and 2 unknowns). 

2. Add 5 drops of each compound into their labeled test tubes.

3. Add about 10 drops of water to one of the small test tubes for each
compound.

4. Add about 10 drops of petroleum ether to the other small test tube for
each compound.

5. Shake each test tube.

6. Is there any separation of components?  If not, the compound is
soluble in the solvent.  If so, which component is on the top?  Record
the answers on your Data Sheet in the appropriate columns.

7. Can you determine which component in the test tube is more dense?
If so, identify the more dense component.  Record the answers on
your Data Sheet.  (Write N/A or a dash for compounds that dissolve in
the solvent.)

8. For the compounds that dissolve in water, check the pH of the
solution by dipping a clean, dry glass stirring rod in the solution, then
touching a drop of the solution of a piece of pHydrion paper.  (The
paper is expensive – use sparingly!)
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9. Record the color and the corresponding pH on your Data Sheet in the
column labeled pH.

Chemical Properties 
Note:  Combustion will be demonstrated by your instructor in the fume hood.  
Bring watch glasses to the fume hood as well as your box of compounds to be 
tested.  Your instructor will place 5 drops of each compound to be tested on 
separate watch glasses, then carefully ignite each sample with a wooden splint.  
You will observe the flame and color of the smoke for each of the samples.  
Record your observations and rank the completeness of each reaction on your 
Data Sheet. 

Br2 Reactions – Perform these experiments in the hood with the fan 
running!  (Do not use the same fume hood as the flammability tests!) 

1. Label small test tubes for each of the 18 compounds you will test
(16 knowns and 2 unknowns).

2. Add 5 drops of each compound into their labeled test tubes.

3. Carefully add (dropwise and with shaking) 5% Br2 in CCl4.  Count the
number of drops needed to have the red color persist, but do not add
more than 10 drops.  Record this number and the color of the
solution on your Data Sheet in the Br2 column.

4. For the samples that are red, add 5 more drops the 5% Br2 in CCl4
and a small quantity of iron filings.  Shake the mixture.

5. Record any change in the color of the solution on your Data Sheet.

Baeyer Test – You can perform these experiments at your lab bench.  

1. Label small test tubes for each of the 18 compounds you will test
(16 knowns and 2 unknowns).

2. Add 5 drops of each compound into their labeled test tubes.

glass stirring rod 

pH paper 
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3. Carefully add (dropwise and with shaking) 1% aqueous KMnO4.
Count the number of drops needed to have the purple color persist,
but do not add more than 10 drops.  Record this number and the
color of the solution on your Data Sheet in the Baeyer Test column.

Lucas Test – You can perform these experiments at your lab bench, but 
ONLY test the compounds that dissolved in water!  

1. Label small test tubes for each of the water soluble compounds you
will test (knowns and unknowns).

2. Add 5 drops of each compound into their labeled test tubes.

3. Add 1 mL of Lucas reagent; mix well by stoppering each test tube with
a cork and tapping the test tube sharply with your finger for a few
seconds to mix.

4. Remove the cork after mixing and allow each test tube to stand for 5
minutes.

5. Look carefully for any cloudiness that may develop during this time
period.  If there is no cloudiness after 10 minutes, warm the test
tubes that are clear in a 60°C water bath.

6. Record your observations on your Data Sheet in the Lucas Test
column.

Bordwell Test – You can perform these experiments at your lab bench. 

1. Label small test tubes for each of the 18 compounds you will test
(16 knowns and 2 unknowns).

2. Add 5 drops of each compound into their labeled test tubes.

3. To each test tube add 20 drops of acetone and 4 drops of Bordwell
reagent, one drop at a time.

4. After each drop of Bordwell reagent, mix by sharply tapping the test
tube with your finger.

5. Let stand for 10 minutes.  Note the approximate time for any change
in color or formation of a precipitate as well as the nature of the
change on your Data Sheet.

Iron (III) chloride Test – You can perform these experiments at your lab 
bench. 

1. Label small test tubes for each of the 18 compounds you will test
(16 knowns and 2 unknowns).
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2. Add 5 drops of each compound into their labeled test tubes.

3. Add 2 drops of iron (III) chloride solution to each test tube.

4. Note any color changes in each solution and record your observations
in the FeCl3 column of your Data Sheet.

Based on the data you collected, identify the compound class for your 
unknowns. 
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Data Sheet 10: 
Organic Chemistry 

Directions:  Record the data as it is collected onto this sheet.  Do not use white out.  
Correct mistakes by making a single line through the error and writing the new 
information above or beside the mistake.   





Name:______________________________

Post Lab Organic Chemistry 
Directions:  Answer the following questions in the space provided.  

1. Complete the following reactions.  If no reaction occurs, write NR.  You do
not have to balance them!

+ KMnO4+H2O

C C

CH3

CH3

CH3

CH3

+ Br2

OH

+ HCl
ZnCl2

+ H2CrO4 + H2SO4

CCH3

H

HO

CH2CH3

2. Eugenol is found in oil of cloves and gives a purple color with iron (III)
chloride solution.

OH

OCH3

CH2CHCH2

a. Circle the part of the structure that
is responsible for the reaction with
iron (III) chloride solution.

b. Will eugenol react with Br2? _______
If so, box the part of the structure
that will react with Br2.  If not,
explain why not.

c. Is eugenol most likely acidic, basic, or neutral?_____________________________

d. Will eugenol react with the Baeyer test?____________________________________

e. Will eugenol react with the Lucas test?_____________________________________

f. Will eugenol react with the Bordwell test?__________________________________




