Lab report

Aldol condensation reaction

Abstract

This report discuses an experiment to determine the melting point and IR spectroscopy of dibenzalacetone, a product which is gotten by reacting benzaldehyde and acetone. This process is also catalyzed by a base, sodium hydroxide. The report will include an introduction to the principle reaction, the procedure and results whereby important data about the reaction will be analyzed. All yields, melting points and IR stretches will also be discussed. 

Introduction

The main purpose of this lab was to conduct an Aldol Condensation reaction which involves joining molecules of acetone with benzaldehyde and loss of water. The principle reaction is as 2 molecules of benzaldehyde react with 1 molecule of acetone in presence of 10% NaOH and ethanol to produce dibenzalacetone and 2 molecules of water. 

In this lab, the first thing was to take laboratory precautions for safety purposes. 20mL of 95% ethanol and 25mL of sodium hydroxide solution were added into a Erlenmeyer flask and cooled down to 20°C. Using a syringe, 1.0mL of acetone and 2.2 equivalents of benzaldehyde were put into a test tube and stirred to mix. Half of acetone benzaldehyde solution was poured into the solution from step 1 and stirred for about 15 minutes. The other half of acetone benzaldehyde solution was added slowly. The test tube was rinsed using 1mL aliquotes of the 95% ethanol to ensure that there solution was completely transferred. After stirring for about 20 minutes, a yellow flocculent precipitate was formed which was slightly exothermic, that is releasing heat to the surrounding. After letting it to settle, crystals formed at the base. 

Suction filtration was used to isolate the crystals and washed using 50mL of deionized water to dissolve of any traces of NaOH. The solid was then dried by by air for 5 minutes before pressing it between sheets of filter paper to further dry them. This was followed by recrystallization of the yellow crystals from 95% ethanol, using about 2.5mL of ethanol/gram of the compound. Finally, the solid was rinsed with 1mL of cold 95% ethanol and the work area cleaned. An infrared spectroscopy for the sample was run and the melting point also obtained. 

Results

The theoretical molar mass of benzaldehyde is 106.12g with a melting point of -26°C and the  molar mass for dibenzalacetone is 234.29g and has a melting point of 110-111°C (National Center for Biotechnology Information, 2018). From the equation, the mole ration of benzaldehyde to dibenzalacetone was 1:1.

Table 1. source https://webspectra.them.UCLA.edu.irtable.html

	Functional groups of dibenzalacetone

	Alkene (C-H)
	Ranges between 3020-3100 cm¹
	Medium peak 3000-3100

	Alkene (C=C)
	1640-1680 cm¹
	Weak peak 1650

	Arene (C-H)
	3030cm¹
	Medium peak 3040

	Carbonyl compound
	1670-1780 cm¹
	strong peak 1500

	Aromatic ring
	1660-2000 cm¹
	Weak 1950

	Aromatic ring
	1450-1600 cm¹
	Strong peak 1400


Table 2. source https://webspectra.them.UCLA.edu.irtable.html

	Functional groups for acetone

	Oxo/ketonic group (C=O)
	1750-1680 cm¹
	Strong peak 


Table 3. source https://webspectra.them.UCLA.edu.irtable.html

	Functional groups of benzaldehyde

	Aromatic ring (C-H)
	860-680 cm¹
	Strong peak

	Aromatic ring (C=C)
	1700-1500 cm¹
	Medium peak


Discussion

Aldo condensation reaction is a catalyzed by a base, with sodium hydroxide (NaOH) being used most often. It involves combination of 2 large molecules and loss of a small molecule. The large molecules are benzaldehyde and acetone while the small molecule lost is water. Due to stabilization of conjugate anions of acetone through resonance with ketone, hydrogen molecules in acetone become more acidic and are removed by use of a base, in this case methanol. 

Benzaldehyde in the other hand lacks protons and acts as an electrophile. The ketone in this solution are acted upon by anions which reacts with oxygen to form an alcohol. This reaction results to a base (OH–). This base reacts with the acid protons leaving a negative charge. This charge is stabilized through ketone resonances. The unsaturated ketones then react with one mole of benzaldehyde to form dibenzalacetone (McMurry, 2008).

In this experiment, the product yield was 22% something which can be attributed to impurities and multiple transfers of the solutions from one container to another. However, the product which was recovered was of desired quality as it had similar content as dibenzalacetone, which was proved through a chemical analysis. Also, the IR spectroscopy done reveals that the product obtained was dibenzalacetone, with different functional groups had different absorbance .

Questions

1. The reaction equation and product expected if cyclohexanone was used in place of acetone in the reaction would be
2(C6H10O) + C7H6O                                                                                 C2H18O + 2H2O

Cycloheanone + Benzaldehyde = Dibenzalcyclohexnone + water

2. For this reaction, heat was not required because it was exothermic, releases heat.

3. The enolate formed in the reaction of acetone with hydroxide is

C2H3O <------------> C2H4O

4. (a)  C2H18O2 + H2O

     (b) H3O + HC2O4

5.  The conjugate anion from the base stabilizes the acid hydrogen ions in the alpha carbon. The newly formed anion attacks carbon in the functional group then moves on to oxygen. The oxygen molecule reacts with water to form an alcohol.

6. The role of NaOH in this mechanism is to provide anions to make the reaction stable, by stabilizing the acidic hydrogen ions from the alpha carbon molecule 

Conclusion

This experiment was important as it helped in understanding crucial concepts in organic chemistry. Some of these concepts are how to stabilize conjugate anions through resonance with ketones and how to determine the functional groups of elements using IR spectroscopy and determination of melting points. From the results obtained above, it can be deduced that aldol condensation reaction is a better method of producing dibenzalacetone, where a reasonable yield was obtained. To obtain a higher yield in future, it is important to use better methods to mix the solutions and also conduct the experiment in an environment with less impurities. This will in return improve effectiveness and reliability of the final results.
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