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Objective(s):

1a: Carbohydrate Characterization
1) To investigate the characteristics of typical groups of carbohydrates, such as mono-, di- or polysaccharides, aldoses or ketoses, reducing or non-reducing, by performing the following qualitative tests: Molisch’s Test, Barfoed’s Test, Seliwanoff Test and Iodine Test.
2) To find the unknown sample by comparing results with those of known carbohydrates
1b: General Properties of Amino Acids
1) To study the solubility of amino acids in different reagents and chemical responses in reaction with ninhydrin. Besides, this experiment also determines the limits of sensitivity of ninhydrin reaction by performing the test with serially diluted glycine.
Introduction:


Carbohydrates are among the most widespread and important biochemicals. They are made up of carbon, hydrogen and oxygen, with the ratio of H:O = 2:1. They vary in structures and chemical properties. They can be classified into different groups, for example, monosaccharides have a general structure of only one carbonyl group and they cannot be hydrolysed to simpler carbohydrate units. Disaccharides are formed by linking 2 monosaccharides, usually by a glycosdic linkage, in the process of condensation. An example is the formation of maltose from 2 glycose molecules joined by a 1,4-glycosidic linkage. Polysaccharides are polymers of monosaccharides, for example, glycogen has very long chains (1,4-alpha), with lots of branching (1,6-alpha). Other classifications of carbohydrates include reducing or non-reducing sugars, ketose or aldose sugars.

The qualitative tests to be conducted in Part A of the experiment are to distinguish between different carbohydrates by their structural and chemical properties. Molisch’s test is a general test for the presence of carbohydrates. Barfoed’s test can distinguish between mono- and disaccharides. Seliwanoff test differentiates ketose sugar from aldose sugar. And Iodine test identifies helical polysaccharides. These reactions are based on the chemical reactivity of carbohydrates to different reagents. And they may give some rate specific or quantity specific observable changes. Therefore, the unknown sample can be identified.

Each amino acid has two functional groups, an amino group (-NH2) and a carboxyl group (-COOH). Besides, it contains a side chain which is unique for specific amino acid. It is the structure, size and electric charge of the side chain which accounts for different properties of amino acids, including different solubility for different amino acids. In Part B, the solubility of amino acids in acidic, alkaline and organic solvents is examined. 

On the other hand, ninhydrin reaction is also studied as a qualitative analysis of amino acid because of its high sensitivity. Ninhydrin can react with all α-amino acids between pH4 and 8 to give a purple compound. However, for an exception, proline and hydroxyproline react with ninhydrin to give a yellow colour instead of purple. The limits of sensitivity of the reaction are also determined by carrying out the test on serial dilution of glycine until a negative result is obtained. 
Results and discussion:

1a: Carbohydrates Characterization
1) A table showing results of Molisch’s Test

	Test sample
	Time of purple ring formation
	Rank the ring intensity from 1 to 5, 6 or 7

	Glucose
	31s
	1

	Fructose
	0s
	6

	Galactose
	20s
	2

	Lactose
	40s
	2

	Sucrose
	0s
	6

	Cellulose
	25s
	3

	Starch
	16s
	4

	Unknown
	0s
	5

	Control
	Remained colourless
	--


Key: ‘1’ represents the lowest relative intensity of the purple ring 

    ‘7’ represents the highest relative intensity of the purple ring

    ‘--’ represents no ring formation

In this general test for carbohydrates (Molisch’s test), concentrated sulphuric acid is used to dehydrate pentoses and hexoses to furfural, which then reacts with α 1-naphthol in the acidic solution provided by conc. H2SO4 to form purple 5-hydroxymethyl furfural. So, a purple-coloured ring would appear at the junction of the two liquid samples (conc. H2SO4 and α 1-naphthol), which is the positive result for this test. For disaccharides and polysaccharides, conc. H2SO4 would catalyse the hydrolysis of their glycosidic linkages, so the monosaccharide constituents formed would be able to react and form purple complexes. The reaction is shown below:



From the table above, all test samples formed purple ring at the liquid junction except the control, this is distilled water and does not contain any carbohydrates. The result indicates that all test samples, including the unknown contain carbohydrates. Theoretically, the formation rate of purple ring would be the fastest in monosaccharides, follwed by di- and then polysaccharides. It is because di- and polysaccharides have more than one glycosidic linkage, those linkages have to be hydrolysed (hydrolysis is time consuming) so that their monosaccharide constituents can react. However, the experimental results obtained do not follow the theoretical trend. This may be due to the unobvious appearance of the purple ring, resulting in longer time than expected, and poor layering of the two reagents (conc. H2SO4 and α 1-naphthol). The ring intensity hypothetically would be highest in polysaccharides, followed by di- and then monosaccharides. Since for the same concentration, polysaccharides have the largest number of monosaccharide units after complete hydrolysis. In this experiment, the results of intensity generally agree with the theory, as enough time (15min) is given for the complete hydrolysis of more complex carbohydrates. 

The unknown sample forms purple ring at a rate similar to fructose and sucrose. As the ring intensity may vary with concentration, the unknown cannot be identified.
2) A table showing results of Barfoed’s Test
	Test sample
	Observations (what color of ppt)
	Time of ppt. appearance

	Glucose
	Brick red precipitate appears
	2 min

	Fructose
	Brick red precipitate appears
	2 min

	Galactose
	Brick red precipitate appears
	2 min

	Lactose
	No precipitate forms
	--

	Sucrose
	No precipitate forms
	--

	Starch
	No precipitate forms
	--

	Unknown
	No precipitate forms
	--

	Control
	No precipitate forms
	--


Key: ‘--’ indicates no precipitate is formed


Barfoed’s test is a test for reducing sugars. In a slightly acidic condition, reducing sugars would reduce Cu(II) ions in the Barfoed’ reagent to Cu(I) ions when heated, which will then be precipitated out as brick red precipitat, Cu2O(s). It is also used to distinguish between mono- and oligosaccharides and polysacchrides by their precipitate formation rate. Since monosacchride has higher reducing power, so its reaction with cupric acetate in Barfoed’s reagent is faster, forming cuprous oxide more quickly.


[image: image1]
All monosaccharides and reducing sugars, including glucose, fructose, galactose and lactose should give a positive result, because they all contain either reducing ends or potential free aldehyde group for reduction of Cu(II) ions . Sucrose should give a negative result because all anomeric carbons of both its glucose and fructose subunits are involved in the formation of glycosidic linkage. There is no free anomeric carbon presented for reduction. And polysaccharides would have the lowest reducing power because there are only very few reducing ends in their long chain structure, so it is not enough to produce any observations. The control also should give negative result since it does not contain carbohydrates.
The experimental results match with the theory except that lactose does not give out any precipitate. In fact, Barfoed’s solution contains lactic acid, thus it requires a very strong reducing agent (monosaccharide) to give positive results. Since lactose is a weaker reducing agent, it needs longer time to form the precipitate. In this case, the experimental time may not be enough or the heat supplied is not sufficient. If heating is prolonged, di- (lactose) or even polysaccride may be partially hydrolysed to produce monosacchrides to yield a positive test.
The unknown does not give out any precipitate. This indicates that it is non-reducing and must not be glucose, fructose, galactose or lactose.
3) A table showing results of Seliwanoff Test

	Test sample
	1 minute
	2 minutes
	3 minutes
	4 minutes
	5 minutes

	Glucose
	Colourless
	Colourless
	Colourless
	Colourless
	Colourless

	Fructose
	Clear pale red
	Deep red
	Deep red
	Deep red
	Deep red

	Xylose
	Colourless
	Colourless
	Colourless
	Colourless
	Colourless

	Lactose
	Colourless
	Colourless
	Colourless
	Colourless
	Colourless

	Sucrose
	Clear pale red
	Deep red
	Deep red
	Deep red
	Deep red

	Starch
	Colourless
	Colourless
	Colourless
	Colourless
	Colourless

	Unknown
	Clear pale red
	Deep red
	Deep red
	Deep red
	Deep red

	Control
	Colourless
	Colourless
	Colourless
	Colourless
	Colourless



Seliwanoff test can differentiate ketoses from aldoses. Ketohexose would be dehydrated by concentrated hydrochloric acid to form 5-hydromethyl furfural, which then reacts with resorcinol to form a red-coloured complex. 


4) A table showing results of Iodine Test

	Test samples
	Addition of iodine
	After heating
	After cooling

	Glucose
	Pale yellow
	Pale yellow
	Pale yellow

	Sucrose
	Pale yellow
	Pale yellow
	Pale yellow

	Cellulose
	Turbid yellowish
	Turbid yellowish
	Turbid yellowish

	Starch
	Deep blue
	Pale blue
	Deep blue

	Dextrin
	Turbid deep purple
	Turbid purple
	Very deep purple

	Unknown
	Pale yellow
	Pale yellow
	Pale yellow

	Control
	Pale yellow
	Pale yellow
	Pale yellow


1b: General Properties of amino acids

The Ninhydrin Reaction
	Sample
	Color change

	Tyrosine
	Colourless

	Tryptophan
	Purple

	Proline
	Pale yellow

	0.1% glycine
	Purple

	0.05% glycine
	Pale purple

	0.025% glycine
	Very pale purple

	0.0125% glycine
	Colourless

	0.00625% glycine
	Colourless

	0.003125% glycine
	Colourless

	Control
	Colourless


Conclusion and recommendations:

the magnitude and direction of rotation of the plane of polarized light by an asymmetric compound is a specific physical property of the compound that may be used in its characterization. The measurement of this property of a aompound is called polarimetry. 

When plane polarized light is passed through a solution of a pure compound, the degree to which the pane of light is rotated is found to be directly proportional to the number of asymmetric molecules of the compound through through which the light passes. Therefore the rotation observed will depend on the nature of the assymmetric compound, the conc. of the compound,

and the length of the light path through the solution:
In addition, the observed rotation will vary with the wavelength of plane polarized light used and with the temp.
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