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SCHOOLS ANALYST COMPETITION 2006 
 
In this year’s challenge your task is to measure the concentration of ethanol in a well known 
beer or wine sample. You will be given a sample of a drink, the necessary laboratory 
equipment, and a method which you must use to measure the alcohol content.  
 
At the end of the experiment your results will be assessed by the judges and they will select 
the winner on the basis of Accuracy, Precision and also the standard of your laboratory 
technique and data presentation. The ‘true’ value for the alcohol content has been worked out 
using the same method by department’s staff, and your aim is to get as close as possible to 
this value.  Please note that the method used will give a slightly higher value than that on the 
bottle as the method is not selective for ethanol. 
 
 
 
 
THEORY 
 
This analysis is based upon the oxidation of ethanol by potassium dichromate (orange) under 
acidic conditions to produce acetaldehyde, (see reaction 1 below). The dichromate then 
oxidizes the acetaldehyde to acetic acid, (see reaction 2). As the dichromate oxidizes the 
various reactants, it is in turn reduced to Cr3+ which is green. The green colour is the result of 
a characteristic absorbance of light at a wavelength in the region of 600nm. 
 
Reaction 1 
 
3CH3CH2OH  +   K2Cr2O7   +   4H2SO4    3CH3CHO  + Cr2(SO4)3  +  K2SO4    +  7H2O   
 
Reaction 2 
 
3CH3CHO   + K2Cr2O7    +   4H2SO4     3CH3CO2H  + Cr2(SO4)3   +  K2SO4  + 4H2O  
 

The intensity of the green colour is measured using a spectrophotometer. The absorbance is 
directly proportional to the concentration of Cr3+ in the solution (The Beer-Lambert law). The 
concentration of Cr3+ is also proportional to the concentration of ethanol in the original 
sample. 
 
Measurements are made for a series of standard solutions containing a known concentration 
of ethanol and a graph is plotted of absorption against concentration. This graph, known as a 
calibration curve, can then be used to calculate the concentration of ethanol in an unknown 
sample.   
 
A modified form of this type of alcohol detection was once used by the police as a roadside 
breath test. It has since been replaced by more sophisticated electrochemical devices.  
 



HEALTH AND SAFETY   
 
It is essential that you read the following COSHH assessment, and are fully aware of 
the hazards associated with the materials you are using. 
 
Substance Hazards Control Measures First aid in case of 

accident 
Acidified 
Potassium 
Dichromate 
solution  

Highly corrosive, Oxidizing 
agent, Causes burns to 
skin and eyes. Toxic by 
ingestion. 

Very small quantities 
(1ml) issued in cuvettes. 
Substance must not be 
removed from the cuvette. 
Gloves, apron, and Safety 
glasses to be worn at all 
times 

In case of contact 
with skin or eyes 
Rinse the affected 
area with cold water 
immediately for at 
least 5 minutes. 
Report the incident to 
a member of staff. 
Obtain medical 
advice 

10% 
Ethanol 
solution 

Harmful by ingestion, may 
cause dizziness and 
disorientation in excessive 
quantities.  
Serious long term chronic 
effects target organs Liver, 
Kidneys, Heart and Brain. 

Small quantities issued 
(250ml) to each group.  

In case of contact 
with skin or eyes 
Rinse the affected 
area with cold water 
Report the incident to 
a member of staff.  

Beer and 
Wine 
samples 

Harmful by ingestion, may 
cause dizziness and 
disorientation in excessive 
quantities.  
Serious long term chronic 
effects target organs Liver, 
Kidneys, Heart and Brain 

Issue of small quantities 
closely supervised by 
staff. 
 
 
 
 
 
 
 

In case of contact 
with skin or eyes 
Rinse the affected 
area with cold water 
Report the incident to 
a member of staff 

 
GENERAL LABORATORY SAFETY 
 
Pay careful attention to the safety advice that will be given to you prior to working in the lab. 
Familiarize yourself with the location of emergency exits. Eating, drinking or smoking is not 
permitted in the lab and mobile telephones must be switched off. Whilst working in the lab you 
must only touch chemicals and equipment that are used in your experiment.  
Do not run or fool around. You must report any accidents or incidents, however small, 
immediately to a member of staff.  
 
Please ask one of the demonstrators or technicians if you have any questions. 



CHEMICALS AND EQUIPMENT  
 
Each team will be provided with; 
 

Burette and stand (1) 
250ml Volumetric flask (6) 
100ml Volumetric Flask 
10% Ethanol Stock solution (250ml) 
Unknown beer or wine sample (Issued by demonstrator) 
1cm plastic Cuvettes containing 1ml Acidified potassium dichromate solution (9) 
Cuvette Rack 
Wash Bottle 
10ml volumetric pipette 
1ml volumetric pipette 
Thin glass stirrer rods 
Pipette fillers 
1l beaker for waste  
Tissues  
marker pens and labels  
Note pad 

 
EXPERIMENTAL PROCEDURE 
 
Preparation of Standard solutions 
 
You are provided with a stock solution which contains 10% ethanol. You will dilute this to give 
a series of six standards. Each standard is prepared by measuring out the volume of stock 
solution indicated in the table below (Use a burette to measure the volume), and adding it to a 
250ml volumetric flask. Water is then added to the flask to make it up to the mark. 

 
 

STANDARD 
CONCENTRATION 

(%) 

VOLUME OF STOCK 
SOLUTION TO ADD TO FLASK 

(ml) 
0 0 

0.4 10 
0.6 15 
0.8 20 
1.0 25 
1.2 30 

 
You will be given a sample of beer or wine. Each group will have a different sample labeled 
(A,B,C, etc) Make sure you note down which sample you are analyzing. Using a 10ml 
graduated pipette take 10ml of your sample and transfer it to a 100ml volumetric flask. Make 
the liquid level to the mark with de-ionized water.  You will use this diluted sample for the 
remainder of the experiment 
 



 
Oxidation of samples 
 
For each of the standards and your diluted unknown sample you should carry out the 
following procedure. Additionally you should replicate the procedure three times for your 
unknown sample. You will therefore have a total of nine samples to test 
 
Using a pipette, transfer 1ml of your sample or standard into a plastic cuvette which contains 
1ml of potassium dichromate solution (this has been added prior to the experiment by the 
technician). Carefully use a thin glass rod to mix the contents of the cuvette, and note down 
the position in the cuvette rack where each of the samples are placed (do not write on the 
cuvettes) When you have done this for all of your standards and samples you should transfer 
the rack to an oven which has been set to 50ºC. A demonstrator will assist you with this. 
Make sure that your sample rack is marked with your team name, and leave the samples in 
the oven for 20 minutes. During this time you will be shown how to operate the 
spectrophotometer for the next part of the experiment. 
 
Remove the samples from the oven and analyze each one using the spectrophotometer. 
Record the absorbance reading at 600nm, and enter your results on the sheet provided. 
Using the results obtained plot a graph of Absorbance against standard concentration, and 
using this graph estimate the concentration of ethanol in your unknown sample. You may 
either plot the graph manually or ask a member of staff if you require a PC. 



RESULTS SHEET 
 
Name of School ____________________________________ 
 
Unknown sample (A,B,Cetc) _______________________ 
 
SAMPLE  ABSORBANCE CONCENTRATION (%) 
0 % standard (Blank)  

 
0 

0.4% standard  
 

0.4 

0.6% standard  
 

0.6 

0.8% standard  
 

0.8 

1.0% standard  
 

1.0 

1.2% standard  
 

1.2 

SAMPLE (replicate 1)  
 

 

SAMPLE (replicate 2)  
 

 

SAMPLE (replicate 3)  
 

 

 
Average absorbance for three replicates_____________________ 
 
Concentration of ethanol in unknown    ______________________% 
 
Concentration of ethanol in original drink*_________________% 
 
 
* Remember to multiply your answer by ten to account for the dilution factor 
 
When you have completed your results sheet please hand it to the judges with your 
calibration graph 
 

FOR JUDGES USE ONLY 
 

Accuracy 
(Actual value – Measured mean value) / Actual Value 

 

Precision 
(spread of replicate values) 

 

Graph presentation 
 

 

Laboratory technique 
(Observed during experiment) 

 



 


