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Problem 5: 

Coursework conundrum 
Curriculum links; 

oxidation of alcohols, carboxylic acids 

Practical skills; 

recrystallisation, thin layer chromatography 

A lazy student has contacted the students for help with purification of his sample of benzoic acid 

(contaminated with benzyl alcohol and Cr
3+

 residues).  Recrystallisation of the sample is followed by TLC 

analysis to prove its purity. 

   

 

 

 

 

 

 

 

 

 

Extension discussion points: 

 What is the chemistry behind the potassium permanganate TLC stain? 

 Why is it important to dissolve the sample in the minimum quantity of hot solvent? 
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Problem 5: Coursework conundrum 

Pre-Lab questions 

(Remember to give full references for any information beyond A-level that you find out) 

 

1.   Acidified potassium dichromate is a common oxidising agent for alcohols.  In the process of the reaction 

Cr2O7
2–

 is reduced to Cr
3+

.  Write two half equations for the oxidation of ethanol to ethanoic acid using 

acidified potassium dichromate [HINT: In the oxidation process, the carbon bonded to the oxygen is the 

atom undergoing oxidation (oxidation state –1  +3)]. 

 Combine the two half equations to give the full redox equation for the reaction. 

 

2.   For each of the alcohols below, name the alcohol and draw and name the product obtained from the 

oxidation of the alcohol after refluxing in excess acidified potassium dichromate. 

 

a) 

  

b)  

c) 

 

d) 

 

 

 

3.   Impure solids can be purified by recrystallisation.  Outline the steps involved in the purification of a 

solid by recrystallisation 

 

4.   Generally, organic compounds are insoluble in polar solvents such as water and ethanol.  However 

carboxylic acids are an exception, with short chain carboxylic acids being totally miscible with both 

water and ethanol.  Use your understanding of the interactions involved to explain the data below 

(taken from http://www.auburn.edu/~deruija/pda1_acids1.pdf) 

RCOOH; R= 
Solubility in water  

/ g per 100 cm
3
 

Solubility in ethanol  

/ g per 100 cm
3
 

H- soluble soluble 

CH3- soluble soluble 

CH3CH2- soluble soluble 

CH3CH2CH2- soluble soluble 

CH3CH2CH2CH2- 3.7 soluble 

CH3CH2CH2CH2CH2- 1.0 soluble 

C6H5- 0.34 soluble 

CH3(CH2)8- 0.015 soluble 

CH3(CH2)10- Insoluble 100 

CH3(CH2)12- Insoluble soluble 

CH3(CH2)16- Insoluble 5.0 
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Introduction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

72 Elms Road 

Hayle 

HE2 3GF 

 

Dear scientist, 

Help!  My A-level chemistry coursework is due in at the end of the week and I have a 

problem.  My product is not pure ;-( 

The coursework practical involved the oxidation of benzyl alcohol to form benzoic acid by 

refluxing the alcohol in acidified potassium dichromate overnight.  However, when isolated 

my reaction has not gone to completion and my product is not clean.  When I run a TLC of 

my product, despite appearing to be only one spot by TLC analysis, staining with KMnO4 

reveals that it is in fact a mixture. My product is also slightly green indicating the presence 

of left over Cr
3+

 salts plus I think I left some of the anti-bumping granules in the mixture as 

well! 

 

How can I purify my product?  I have included a sample of my product mixture with this 

letter.  I know this is cheating but can you check that my product is indeed impure by 

repeating the TLC and then purify it for me please.  As I will need to submit details of my 

practical please also provide a full procedure and rationale for the method used together 

with a sample of pure benzoic acid and a TLC plate showing its purity. 

You’re a lifesaver ;-) 

 

 

L. A. Zyudent 

 

 

 

 

 

 



 
Problem 5: Coursework conundrum 

Teacher and Technician Pack 

Pre-Lab answers 

 

1.   C2H5OH  +  H2O    CH3COOH  +  4H
+
 +  4e

–
 

 Cr2O7
2–

  +  14H
+
  +  6e

–
    2Cr

3+
  +  7H2O 

 3C2H5OH  +  2Cr2O7
2–

  +  16H
+
    3CH3COOH  +  4Cr

3+
  +  11H2O 

 

 

2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.  In recrystallisation, the impure solid is dissolved in the minimum quantity of a suitable hot solvent and 

the insoluble impurities removed by filtration.  On cooling the pure solid crystallises out leaving the 

soluble impurities behind in the solution.  A suitable solvent for the process is one in which the impure 

compound is highly soluble at high temperatures but sparingly soluble at low temperatures. 

 The steps involved in a recrystallisation process are therefore; 

•  Carry out small scale trials to find a suitable solvent as defined above 

• Dissolve the impure solid in the minimum amount of a suitable hot solvent 

• Filter with minimum cooling to remove any insoluble impurities 

• Allow the solution to cool during which time the pure solid will crystallise out 

• Filter and wash the pure crystals to remove any soluble impurities 
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A representation of possible interactions that may occur 
when carboxylic acids are dissolved in ethanol 

4. In this explanation we will attempt to explain the data by looking at the intermolecular interactions 

between the carboxylic acid and the solvent molecules. However, the energetics of dissolving carboxylic 

acids is made more complicated by the fact that some of the acid molecules react with the solvent 

molecules as opposed to simple dissolving.  We have not attempted to account for this in our 

explanations; 

 Initially let us consider water as a solvent.  As we know the main intermolecular force in water is 

hydrogen bonding.  Therefore in order for something to be soluble in water you would need to break the 

hydrogen bonds between the water molecules.  This needs energy.  

 Owing to the strong dipoles present in carboxylic acids, carboxylic 

acids are able to participate in energetically favourable H-bonding 

with water molecules.  The energy released when these new 

hydrogen bonds are made, more or less compensates for that 

needed to break the original ones between the water molecules.  In 

addition, there is an increase in the disorder of the system - an 

increase in entropy. These two factors help to result in small chain 

carboxylic acids being soluble in water. 

 However, as the length of the non-polar side chain increases the situation changes.  In order to dissolve 

a carboxylic acid with a long hydrocarbon chain, many water-water hydrogen bonds must be broken but 

only a few water-acid hydrogen bonds are formed.  Instead the hydrocarbon tail forms much weaker 

Van der Waal’s forces with the water molecules.  The energy released by the formation of these VdW’s 

forces is much smaller and does not compensate for the energy used to break the water-water 

hydrogen bonds.  Even allowing for the increase in disorder, the process becomes less feasible.  As the 

hydrocarbon chain increases in length the percentage of acid-water hydrogen bonds formed becomes 

less and the carboxylic acids become less soluble. 

When ethanol is the solvent, ethanol has 

the ability to both hydrogen bond with the 

polar carboxylic acid group and participate 

in Van der Waal’s interactions with the non-

polar hydrocarbon functionality present.  

The increased energy gained from these 

extra interactions result in carboxylic acids 

with up to 12 carbon atoms being soluble in 

ethanol. 

  

  

 

 Written with the help of information from; 

 http://www.auburn.edu/~deruija/pda1_acids1.pdf and http://www.chemguide.co.uk 

 

  

A representation of possible hydrogen 
bonds that can form when carboxylic 

acids are dissolved in water 

http://www.auburn.edu/~deruija/pda1_acids1.pdf
http://www.chemguide.co.uk/
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Teacher and Technician Pack 

 Proposed method  

 

 

 

  

  

  

Students repeat L.A. Zyudent’s TLC; 

 Dissolve a small amount of each sample to be run in a small volume of the 

chromatography solvent [Highly flammable, Irritant, Harmful, Dangerous for the 

environment] 

 Prepare the TLC plate by adding small spots of each sample onto pre-marked pencil 

crosses 

 Run the TLC plate in the chromatography solvent indicated by L.A. Zyudent 

 View the TLC plate under UV light followed by KMnO4 dip [Treat as Irritant] with gentle 

heating with a heat gun / on a hot plate. 

 

Students investigate the solubility of benzoic acid in a variety of solvents at different 

temperatures; water, ethanol [Highly flammable], hexane [Highly flammable, Harmful, 

Dangerous for the environment], ethyl ethanoate [Highly flammable, Irritant] 

Students should choose WATER as the best recrystallisation solvent based on these 

results (benzoic acid is soluble in hot water but not in cold water).* 

Students purify L. A.Zyudent’s product mixture by recrystallisation as indicated below; 

 Dissolve the sample in the minimum quantity of hot water 

 Carry out a hot filtration of the sample through a small plug of mineral wool to remove 

the anti-bumping granules 

 Allow the sample to cool slowly for the benzoic acid  to crystallise out 

 Filter off the benzoic acid and wash thoroughly to remove any unwanted benzyl alcohol 

 and Cr
3+

 residues 

 

 

 

 

Avoid naked flames 

Work in a well ventilated area 

WARNING! Do not look directly at UV light 

WARNING! Naked flames must not be used for heating highly flammable solvents 

Students verify the sample provided by L.A. Zyudent is indeed impure; 

Students investigate a suitable solvent for the recrystallisation process; 

Students purify the sample by recrystallisation; 

Repeat the TLC, this time with the purified product.  If the students have successfully 

purified the sample, the TLC will show no benzyl alcohol present in the final sample. 

 

Students test to see if the recrystallisation has been successful; 

* Ethanol or ethyl ethanoate are also possible recrystallisation solvents.  However the percentage recovery 

is considerably lower. 

WARNING! All naked flames should be off before any chromatography is begun.  See Health and Safety note 
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Teacher and Technician Pack 

Equipment list 

 

 

 

Each group will need; 

Initial investigations; 

Sample of L.A. ZYUDENT’S PRODUCT MIXTURE in a conical flask made up of;  

 benzyl alcohol (phenylmethanol) [Harmful (by inhalation and if swallowed)] (0.5 g) 

 benzoic acid [Harmful (if swallowed) and irritating to eyes] (1.5 g)  

 a few anti-bumping granules 

 1 drop of green food colouring 

Access to pure samples of; 

 benzyl alcohol (phenylmethanol) [Harmful – by inhalation and if swallowed] 

 benzoic acid [Harmful – if swallowed and irritating to eyes] 

Small conical flasks 

Access to solvents; 

 water 

 hexane [Highly flammable, Harmful, Dangerous for the environment] 

 ethyl acetate (ethyl ethanoate) [Highly flammable, Irritant] 

 ethanol [Highly flammable] 

A safe heat source – either a hot plate or a hot water bath for heating the flammable solvents 

 

Purification of sample by recrystallisation; 

Bunsen burner, tripod, gauze and heatproof mat 

1 × 100 cm
3
 conical flask 

Equipment for hot filtration (1 × pre-warmed conical flask and filter funnel with small plug of mineral wool) 

Ice bath 

Büchner flask, Büchner funnel, filter paper and suction method 

Deionised water 

 

TLC equipment; 

TLC jar  

TLC plate × 2 (silica gel coated with fluorescent indicator; carrier sheet either polyester or aluminium.  These 

can be cut to an appropriate size) 

See the Health and safety guidance section in the Introduction for more general information on 

risk assessments and a key to the health and safety symbols used. 
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hexane [Highly flammable, Harmful, Dangerous for the environment] 

ethyl acetate (ethyl ethanoate) [Highly flammable, Irritant] 

3 × small beakers or specimen tubes for making up the TLC samples 

TLC spotters or capilliary tubes 

Tweezers 

Access to UV lamp [WARNING! Avoid looking directly at the light] 

Access to KMnO4 dip* [treat as Irritant] and heat gun / hot plate 

* The potassium permanganate (KMnO4) dip is made by dissolving 3 g of KMnO4 [Oxidising, Harmful, Dangerous 

for the environment], 20 g of K2CO3 [Irritant] and 5 cm
3
 of a 5% aqueous solution of NaOH [Corrosive] in 300 cm

3
 

of water and stirring for 10 minutes.  Once made, it can be stored in a brown glass jar for repeated use. 

 To stain their plates, the students dip the plate in the stain, remove and wipe excess stain off using paper towel.  

Gentle heating using either a heat gun or a hot plate will cause the benzyl alcohol spot to turn bright yellow. 

 

 

Health and safety note 

If the students are working at different rates through the practical, it is important that flammable solvents 

such as the chromatography solvent are not being used at the same time as a Bunsen burner is being used 

to recrystallise the sample in water.  One solution would be for the students to complete the TLC analysis of 

the samples in a fume cupboard. 

It is the responsibility of the teacher to manage the laboratory such that all risks are minimised. 
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