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Determination of formulae and structures
    
1.
Quinine is a malaria drug and it contains carbon, hydrogen, nitrogen and oxygen. Three samples of quinine were analysed to determine its composition.

A 2.804 g sample was combusted in oxygen and produced 7.597 g of carbon dioxide and 1.866 g of water. 

A 3.390 g sample was found to contain 0.293 g of nitrogen.


Calculate the empirical formula of quinine.

2.
An organic compound was known to contain carbon, oxygen and hydrogen only. 

When a 2.500 g sample of the compound was combusted in oxygen, 6.104 g of carbon dioxide and 2.499 g of water dioxide was produced. 


When a 1.05 g sample of the compound was vaporised at 101.3 atm it was found to have a volume of 2.85 L at 500 K. 


When a 2.00 g sample of the compound was heated with a solution of acidified potassium dichromate there was no colour change.

a)
Calculate the empirical formula of the compound. 

b) 
Calculate the molecular mass of the compound, and hence write the molecular formula.


c)  
Draw the structure and give the name of the compound.

3.
The diprotic amino acid, glutamic acid, underwent combustion analysis to determine its empirical formula. Glutamic acid is known to only contain carbon, hydrogen, oxygen and nitrogen. When a 2.50 g sample of the glutamic acid was combusted in oxygen, 3.74 g of carbon dioxide, 1.38 g of water and 0.782 g of nitrogen dioxide was produced. 


To calculate the molecular mass of the glutamic acid, 11.4 g of glutamic acid was dissolved in 250.0 mL of water. 20.0 mL of this solution was titrated with 0.500 mol L-1 sodium hydroxide and 24.8 mL of the sodium hydroxide was required for complete neutralisation. 


It can be assumed that the only oxygen in the molecule is present in the carboxylic acid functional groups.


a)
Calculate the empirical formula of glutamic acid. 

b) 
Calculate the molecular mass of glutamic acid.


c)  
By using NMR (another analysis technique) it was found that the molecule did not contain any methyl (–CH3) groups. Draw a possible structure for glutamic acid.
4. Esters can be made from a condensation reaction between a carboxylic acid with an alcohol. This process can be reversed, with esters being converted into the carboxylic acid and alcohol. This type of reaction is called hydrolysis, and is shown below.


ester + water → carboxylic acid + alcohol 

An ester underwent hydrolysis to produce a monoprotic carboxylic acid X and a primary alcohol Y that has an empirical formula of C4H10O.


A 8.75 g sample of pure X, when combusted produced 22.1 g of carbon dioxide and 3.88 g of water.


Y was oxidised with potassium dichromate, with the reaction occurring shown below.


3 Y + 2 Cr2O72– + 8 H+ → 3 Z + 4 Cr3+ + 7 H2O

22.45 mL of 1.00 mol L-1 potassium dichromate solution was required to oxidise 2.50 g of Y.

a) Calculate the empirical formula of X from the combustion data.
b) Calculate the Molar Mass of Y from the reaction with potassium dichromate.
c) Draw possible structures of X and Y.

d)
Draw the structure of the original ester.
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