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What’s in wine?
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	Wines are complex chemical mixtures produced by fermenting grapes. You would expect to find ethanol in wine but it will also contain various weak organic acids and it may have sulphur dioxide dissolved in it as an antioxidant and bactericide. You can find out how much of these components are in wine by applying some of the analytical techniques that you have developed during your study of chemistry at school or college.

For some of the tests the colour of a red wine might be inconvenient. For example, it can mask the end point of a titration. In such cases you may wish to decolourise the wine with activated charcoal. Place the wine and activated charcoal together in a flask and swirl them around for a few minutes so that the charcoal can absorb the pigments from the wine. Remove the charcoal by filtration. If the wine is still coloured repeat the process to remove as much pigment as possible.




How acidic is wine?

Wines have a low pH because they contain a mixture of weak organic acids. The main ones are tartaric, malic, lactic and acetic acids but small quantities of citric and succinic acids may also be present   (Table 1).

You can find the total acidity of wine by titrating it against a solution of 0.1 mol dm-3 sodium hydroxide. Suitable indicators include phenolphthalein or a 1:1 mixture of phenol red and bromothymol blue. Alternatively, you could use a pH meter and plot a curve of pH against the volume of alkali added. From your graph you can read off the volume of sodium hydroxide which must be added to reach a pH of 8.2. Why pH 8.2? The titration is between weak acids and a strong base so the equivalence point will not be at neutrality. pH 8.2 is a standard value agreed by wine-rnakers.

Some of the weak acids contribute to what is known as the volatile acidity of the wine, while the remainder are responsible for what is called the fixed acidity .You can separate the volatile and non-volatile acids by steam distillation. You should think about ways to determine when your steam distillation is complete. How can you tell that all of the volatile acids have distilled over?

Another way of achieving the separation is to evaporate a sample of wine to a small volume, add distilled water and evaporate again, repeating this process as necessary to achieve an effective separation. If you monitor this process by testing the pH, you will need to think about controlling the volume of the remaining wine. After each evaporation you could make up the volume to that of the original wine sample with distilled water. How many times do you need to perform the evaporation before all of the volatile acids have gone?

Titrating the steam distillate and/or evaporated residue will enable you to find out how much of the wine’s acidity is volatile and how much is fixed.

	Table 1      Organic acids found in wine

	

	Proper name
	Common name
	Structure

	2,3-dihydroxybutanedioic acid
	Tartaric acid
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	Hydroxybutanedioic acid
	Malic acid
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	Hydroxypropanoic acid
	Lactic acid
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	Ethanoic acid
	Acetic acid
	H3CCO2H

	Hydroxy-1,2,3-propanetricarboxylic acid
	Citric acid
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	Butanedioic acid
	Succinic acid
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You can detect the non-volatile acids in wine using thin-layer chromatography. You will need to decolourise red wine first with activated charcoal. Put a spot of concentrated wine solution onto a thin-Iayer plate alongside spots of solutions of the weak acids that you might expect to find. Develop the plate using a mixture of butan-1-ol, methanoic acid and water (ratio 8 : I : 2.5), dry it in an oven for at least 2 hours before spraying with a solution of bromocresol green to locate the spots. The Rf values for some acids are given in Table 2.

	Table 2     Rf values of some organic acids 

	
	

	Acid
	Rf value

	Succinic acid
	0.53

	Lactic acid
	0.45

	Malic acid
	0.23

	Citric acid
	0.16

	Tartaric acid
	0.14


How much alcohol does wine contain?

There are three methods you can use to find out how much ethanol there is in wine. Comparing your results with each other, and with the label on the bottle, will provide some interesting opportunities for you to evaluate and interpret your work.

The first method makes use of the correlation between the alcohol content and the density of distilled wine. You will need to make a 50 cm3 sample of wine just alkaline by adding sodium hydroxide solution to it. Pour it into a simple distillation apparatus and distil it until the temperature at which the liquid comes over reaches 100 °C. This way you can be sure that all of the alcohol has distilled off, but do not worry if some water distils over as well. Transfer all of the distillate to a 50 cm3 pre- weighed volumetric flask, make it up to the mark with distilled water and weigh it again so that you can calculate the density of the alcohol solution. You will need to construct a density-composition calibration curve by measuring the density of ethanol solutions that you have accurately made up to have an ethanol content in the range of 0 to 25% by volume. You can read off the alcohol content of your wine from this curve.

The second method involves oxidising the ethanol in wine with excess potassium dichromate(VI) solution, followed by a back titration with a solution of iron(II) ions. The iron(II) ions will be oxidised to iron(III) by any potassium dichromate{VI) not reduced by the ethanol. Measure out 25 cm3 of 0.1 mol dm-3 potassium dichromate(VI) solution and add to it 1.0 cm3 of the alcohol solution which you made from your wine in the 50 cm3 flask for the density measurement. Warm this mixture in a water bath at about 60 °C for about 30 minutes before titrating it with an approximately 0.1 mol dm-3 solution of ammonium iron(II) sulphate solution, using either sodium diphenylamine sulphonate and phosphoric acid or N-phenylanthranilic acid and sulphuric acid as your indicator. You will need to standardise the ammonium iron(II) sulphate solution you have used by titrating it directly with the potassium dichromate(VI) solution. From the titration results you will be able to calculate how much dichromate has been reduced by the ethanol and therefore how much alcohol was in the original sample of wine.

The final method of alcohol analysis uses a colorimeter or spectrophotometer to measure the concentration of dichromate(VI) ion. This solution is a deep orange colour and you will therefore need to use a blue filter or measure the absorbance of the solution at 440 nm. To construct a calibration curve of absorbance against concentration of alcohol you should make up a set of standard ethanol solutions in distilled water. Vary the ethanol content of these standards from 0% upwards. React these standard alcohol solutions with the potassium dichromate(VI) solution. Measure out 50 cm3 portions of a dichromate(VI) solution containing 1.4 g dm-3 potassium dichromate(VI) into 100 cm3 volumetric flasks and add 5 cm3 of a standard ethanol solution. Also add 2 cm3 of 0.1 mol dm-3 silver nitrate solution to each flask to catalyse the reaction and then make up the volume to the mark on the flask with 5 mol  dm-3 sulphuric acid. Using the colorimeter or spectrophotometer measure the difference in absorbance between each of these solutions and a blank. The blank should be made up in exactly the same way as the test solution (i.e. it should contain potassium dichromate(VI), silver nitrate and sulphuric acid) but it should not contain any ethanol (instead add 5 cm3 of water}. Use the results to plot a graph of this difference in absorbance against the alcohol concentration. Having constructed your calibration curve you can react a 5 cm3 sample of your wine with potassium dichromate(VI) solution in a similar way to your standard alcohol solutions. Measure the absorbance of this mixture and read off the alcohol content from the calibration curve. If you are using red wine think carefully about how you are going to eliminate the effect of the red pigments. Is it better to decolourise the wine using activated charcoal and then use water in the blank, or to remove the alcohol from a sample of the wine (by distilling until the boiling temperature reaches 100 °C), restore its volume with water and then use this in the blank?

How much sulphur dioxide is there in wine?

Sulphur dioxide is present in wine both in a 'free' form as SO2(aq), HSO3–(aq) or SO32–(aq) or in a 'combined' form as a complex with some organic compounds. To find the free sulphur dioxide content you can acidify a measured sample of your wine with sulphuric acid, and titrate it against a 0.01 mol dm-3 solution of iodine (in the burette), using starch as an indicator in the flask with the wine. To measure the total (free and combined) sulphur dioxide you will first need to break down the organic complexes. You can do this by adding 25 cm3 of 1 mol dm-3 sodium hydroxide solution to 50 cm3 of wine and leaving the mixture to stand for 15 minutes. You can then acidify the mixture and again titrate it with iodine solution as before.

As you can see there is more to a bottle of wine than its bouquet and vintage. Cheers! 

Derek Denby
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