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Table 1: Physical properties of chemical substances used.

Compound
Molecular Formula
Boiling Point (ºC)
Melting Point (ºC)
Density

(g/ml)
Solubility in H2O

g/100ml at 25ºC

Benzaldehyde
C7H6O
178
-26
1.04
0.01 

Acetone
C3H6O
56.2 
-94.3 
0.79
miscible

Dibenzalacetone
C17H14O

111 - 113 



Ethanol






Sodium Hydroxide



























Table 2: Quantitative properties of chemical substances used

Compound
Molecular Weight (g./mol)
Moles 
Mass (g)
Volume (ml)

Benzaldehyde
106.13




Acetone
58.08




Dibenzalacetone



































Example of molar calculation by volume:


0.0023g Isopentyl acetate X 1mole/130.1864g = 1.8X10-5 moles

Example of molar calculation by volume:


0.5 ml Diethyl ether X 0.7134g/ml X 1mole/74.1224g = 4.8X10-3 moles

Example of molar calculation by %composition:


6.0ml Sodium bicarbonate X 5% X 2.159g/ml X 1mole/84.001g = 0.077 moles

RESULTS

Yield of Isopentyl acetate: 0.0023g

Theoretical yield of Isopentyl acetate: 0.96g

(All pertinent reactant ratios are 1:1).  The limiting reagent is Isopentyl alcohol.  Therefore, 0.0074 moles of product are expected.  

0.0074 moles X 130.1864g/mole = 0.96g 
% yield of Isopentyl acetate: 0.24%


% yield = actual yield/theoretical yield X 100


% yield = 0.0023g/0.96g X 100 = 0.24%

Synthesis Isopentyl Acetate from 

Isopentyl alcohol and Acetic acid

Fig.1

The esterification procedure is a relatively simple process involving an equilibrium and yielding an ester.  One can easily make a variety of esters if the appropriate carboxylic acid and alcohol can be obtained and reacted.

The first thing to notice about this reaction is that it involves an equilibrium which must be shifted far to the product side to obtain an appreciable amount of product.  Please refer to Fig.1 for all pertinent information on the reaction and its mechanism.  To accomplish this shifting, sulfuric acid is added to donate protons and silica gel beads are added to absorb water as it is formed.  These compounds are mixed with the reactants in a conical vial containing a spin vane.  The spinning caused by this magnetic bar keeps the mixture homogeneous and thereby keeps the reactants in as much contact with each other as possible.  A sand bath is used to heat the mixture and give it favorable kinetics to increase the rate of reaction.  Since the sand bath is at a very high temperature (160-180ºC), it is wrapped in aluminum foil to help it retain heat and prevent it from cooling.  The reaction setup has a drying tube attached to the reflux condenser to ensure that no external moisture enters the reaction vial. The mixture is heated/refluxed for one hour to allow the reaction to go as far to completion as possible.  It is then cooled to room temperature and the spin vane is removed.  0.5ml of diethyl ether are added to increase the volume of the organic phase and make it easier to work with.  The solution is then extracted with three 2ml portions of 5% sodium bicarbonate solution, shaking and venting after each addition.  This process will neutralize the sulfuric acid and “chase” the organic compounds back into the organic phase because the solution becomes quite ionic.  The final extraction is done with water. This removes most of the ionic substances/salts.  Once the layers have separated, the lower aqueous layer is removed and the organic layer is dried with anhydrous sodium sulfate to remove any traces of moisture.  The mixture is then transferred to a 3ml conical vial containing a boiling chip using a Pasteur filter pipette to remove any solids that may be present (drying agent, silica particles, etc…).  A warm sand bath is used as heat while a slow stream of air is passed over the sample.  The air removes the ether vapours as they form and by LeChatelier’s principle, more will form.  The heat helps get the ether close to its boiling point and therefore makes it evaporate faster.  The boiling stone just insures even heat distribution by making a stream of bubbles.  The vial is attached to a Hickman still with an air condenser.  The air condenser will ensure that no product vapours escape while they are being collected.  This is done by gentle heating of the solution until it distills.  The product will collect in the Hickman still while most impurities will stay behind.  The product is transferred to a tared vial using a heat-bent Pasteur pipette and a yield is taken.  An IR spectrum was also taken and can be found attached as the last page of this report.

The abysmal 0.24% yield in this lab can be explained by a few factors.  The first of these being that it is possible that the initial equilibrium was not shifted to the products strongly enough thereby cutting the yield considerably.  It is also possible that some of the product re-converted to the reactants when the acid was neutralized and the sample was washed with water.  Some product could very well have been left behind in the salt mass of the drying agent when the organic phase was dried.  It is also quite possible that, if the heat was applied too strongly/quickly, the ester product was boiled off during the distillation.  The vapours would have escaped the air condenser and the yield would drop dramatically.  Add the experimental error factor and you can explain the low yield.  As for the IR spectrum attached, it can be said to represent Isopentyl acetate because of its characteristic peaks.  The molecule contains C=O and C-O bonds.  The spectrum shows the presence of these bonds by the absorbance around 1740 (C=O) and 1250 (C-O).  The presence of these peaks confirms that the product is an ester.  If one were to examine the fingerprint region and compare it to that known for Isopropyl acetate, once could further confirm this.

