Title:

Competitive Nucleophilic Substitutions

Aim:

To determine the relative nucleophilicities of NH4+Cl – and NH4+ Br – as nucleophiles, by method by gas-liquid chromatography.

Intro:

In this experiment, the nucleophilicities of bromide and chloride ions were measured by Gas-Liquid Chromatography analysis of their reaction on 1-butanol catalysed by sulphuric acid. Nuclephilicity is defined as the rate of attack on an electrophilic carbon atom. Thus, it was the rates of attack of the carbon of butanol by bromide and chloride that was measured by chromatography in this way.

Gas-liquid chromatography is a separation method for volatile materials using a special separation column. Separation is effected using differences in the partition coefficient of the material to be separated, the partition being between liquid and gas

Procedure:

As opposed to the method described in the manual, the correct concentration of sulphuric acid was provided and this was used. It was placed into a 100 ml round-bottomed flask with ammonium chloride (0.112 mol) and ammonium bromide (0.112 mol), with some boiling chips. This was refluxed until the salts dissolved and then butanol (6.66 g) was introduced and then the mixture was refluxed for one hour. The reaction mixture was separated using a separation funnel, where the crude halides were identified and washed with water and sodium hydrogen carbonate. They were then dried using calcium chloride and then filtered gas-liquid chromatography.

Results:
Judging from the gas chromatogram, chlorobutane peaked first and bromobutane second. This is because the peak representing the chloride is narrower than that of the bromide. It is also consistently shorter than that of bromide hence we can deduce that the chloride moves faster than the bromide while bromide is a more successful nucleophile in that more of it appears in the sample.

Weight of product obtained = 0.4g

Conclusion
As explained above, the bromide ion is the better nucleophile while chlorobutane moves faster in the gas chamber.

Questions

(a) The exact ratio of Bromide : Chloride from the chromatogram ( taken from a friend as my sample contained too much calcium chloride to be analysed ) was 59:21. i.e. roughly a 3:1 ratio in favour of bromide.

(b) Bromide is the better nucleophile because three times as much bromide alkyl halide was produced then chloride, proving it to be more competitive as a nucleophile.

(c) Gas-liquid chromatography is a method for separation of volatile material, using a special separating column. Basic component is column. It can be glass or stainless steel. This column is packed with inert support material. This is coated with a non-volatile liquid, i.e. glycerol before being placed into column. An inert carrier gas is passed through the column continually during operation. The gas emerging from the column passes into a detector which will give an electric signal proportional to the concentration of any material present.
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