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[bookmark: _GoBack]Introduction:
    In this experiment esters will be used to perform a fischer esterification. In order to produce an ester a reaction between a carboxylic acid and an alcohol must be made. Simple esters have nice odours which normally associate with flowers and fruits because these compounds contain an ester as their only functional group. If structures are altered even a little bit the odour changes. Natural fragrences and flavours are due to more complex esters. This is how some artificial flavours are made for certain food products. 
  The process of producing an ester occurs with a carboxylic acid and an alcohol with the use of an acid catalyst. As shown in the mechanism in the mechanism portion of the lab, the fischer esterification reaction begins with the protonation of the carboxylic group and afterwards the addition of an alcohol which forms a tetrahedral intermediate. After the tetrahedral intermediate is formed a proton transfer occurs and water is then eliminated and then the last deprotonating occurs. 
  Since most esterfications are reversible it has to have maximum yield of product once the equilibrium is reached between all four components of the equation. The composition of the equilibrium is given by the following equation:

 The “k” represents the equilibrium constant. In order to determine the equilibrium constant of a reaction, it must be calculated by determining the concentrations of the products (ester and H2O) divided by the reactants (carboxylic acid and alcohol) at equilibrium. In order to calculate the concentrations at equilibrium once must set up an I.C.E box and determine the shift in the equilibrium which will help them determine the final concentrations. This can also be done with moles not only concentrations of the products and reactants.
In order to determine the “k” value theoretically, once can use the standard free gibbs energy equation:


To determine the value of the gibbs free energy this equation can be used:

The values of enthalpy and entropy are found by these equations:





Mechanism:


Table of Reagents:
	Compound
	Quantity
	Molecular Weight
	Density (g/mL)
	moles
	Equivalence

	Benzoic acid
	1g
	122.12
	N/A
	0.008189
	1

	Methanol
	25mL
	32.4
	0.7918
	0.610957
	74.6

	Methyl Benzoate
	123.61g
	136.15
	N/A
	0.907896
	N/A



Experimental Procedure:
Please refer to pages 82-83 in the organic chemistry II lab manual
Modifications: 
Step 10 : instead of 45 min 30 min were refluxed 

Observations: 
	Step
	Observation

	Step 3, 6, 9, 11
	As NaOH is added, the solution starts to turn pink, and then upon swirling, the solution returns to clear and colourless.  Finally the titration is complete when the solution remains light pink after swirling.

	Step 19
	Smells quite fruity.




Results:
Results Table 1.
	
	Initial Benzoic Acid
	Benzoic Acid +H2SO4
	After 45 minutes
	After 75 minutes
	After 105 minutes

	Initial VNaOH (moles)
	0.0
	1.4
	3.5
	8.6
	12.2

	Final VNaOH (moles)
	1.0
	3.5
	8.6
	12.2
	15.1

	ΔVNaOH
(moles)
	1.0
	2.1
	5.1
	3.6
	2.9

	nNaOH
(moles)
	0.1
	0.21
	0.51
	0.36
	0.29

	NBemzoic Acid (moles)
	1.2
	1.31
	1.61
	1.46
	1.39



Results Table 2. Mass of final product was given by Arzina Karsan 7276529 and Zach Verret 7294465
	Goal
	Result

	Mass of 50 mL round bottom flask
	42.3 g

	Mass of 250 mL flask
	47.01 g

	Mass of final product
	123.61 g

	Experimental K value
	3.064

	Theoretical K value
	10.33

	Yield of the final product
	11087 %

	Yield of K values
	70.34%



Sample Calculations:
K value:
	
	C7H6O2
	CH3OH
	C8H8O2
	H2O

	Initial
	0.0082 mol
	0.61 mol
	0
	0

	Change
	-x
	-x
	+x
	+x

	Equilibrium
	0.9018 mol
	0.3 mol
	0.91 mol
	0.91 mol

	Mole fraction
	0.09108/3.0218 =0.298 mol
	0.3/3.0218 = 0.0993 mol
	0.91/3.0218 = 0.3011 mol
	0.91/3.0218 = 0.3011 mol






Theoretical K value:
















Yield:
Theoretical moles of methyl benzoate = 0.008189 mol (same as limiting reagent)
% Yield of methyl benzoate = 
 = 
 = 11087%

Flow chart:



Discussion:
 The goal of the experiment was to perform a fischer esterification using methanol and benzoic acid to produce methyl benzoate. The experiment began with the added the two products together. Some of the product was sampled and was placed in a flask and diluted with methanol. Drops of phenolphthalein were added to indicate any colour change to show that the reaction had occurred after the solution was titrated with NaOH due to pH changes. NaOH was added to neutralize the solution and to help determine how much benzoic acid was left during the reaction the more NaOH added the more benzoic acid there is left in the solution. The first 45 min the moles of benzoic acid began to increase, this was because a mistake had been made during the experiment. The mistake was that the heater was not turned on properly; therefore, during the first 45 min the reaction did not occur properly causing the moles to increase. Afterwards at the 75 min mark the heater was turned on properly and the reaction had began to occur properly to which the results in table 2 of the results section of the lab. The moles decreased from 1.61 to 1.46 to 1.39 to which indicates that less benzoic acid is present in the solution so the product is being produced. The reason why the moles of benzoic acid were monitored was because out of benzoic acid and methanol, benzoic acid is the limiting reagent. After the final titration had occurred the reaction seemed to have been at completion. The next step was to perform an extraction to separate the methyl benzoate from impurities. Unfortunately an error had occurred and the reaction within the reaction funnel was a very milky white and no layers separated, data for the rest of the experiment had to be taken from another group (Arzina Karsan 7276529 and Zach Verret 7294465). Their seperatory funnel showed the separation of the organic layer (diethyl ether) and the aqueous layer (water). Since water clearly dissolves in water, water separated to the bottom layer were the water solvent (which is denser than diethyl ether thus being the bottom layer) is present. Methyl benzoate is soluble in diethyl ether but not in water do to its hydrophobic properties, thus the desired molecule separates into the organic layer that was present on top of the aqueous layer. Once the aqueous layer was extracted out, impurities could have still remained within the organic layer. So in order to remove them and have methyl benzoate fully isolated, water was added to the funnel as well as 5 % NaHCO3 and NaCl. These solvents neutralized the solution allowing the remaining impurities to be extracted out. The organic phase was then dried using a drying agent (Na2SO4) and then heated to evaporate any remaining solvent. This was done to make sure no impurities remained before the recrystallization. Once recrystallization had occurred the product yielded to be 11087%. The experimental equilibrium constant was calculated to be 3. 064 to which yielded to be 70.34%. An error must have occurred with the mass of the final product for the yield to be so incredibly high. The errors that could have occurred are that not all of the reactants reacted together to produce the amount of product that should have been produced causing the yield to be very off. Another error that could have also occurred was that not all of the ether solvent was evaporated from the flask when heated causing to add to the mass of the product changing the yield drastically. Another error would be that some impurities could have not filtered out properly during the recrystallization causing the mass to change than of what was desired. The k values were close, however, they were off by around 7. This indicates that the reaction did occur similarly to how it was theoretically expected to since the values of the equilibrium constants were only off by 7. 


CONCLUSION:
The goal of the experiment was to produce methyl benzoate from benzoic acid and methanol. The mass of the product resulted in 123.61g which resulted in a yield of 11087%. The equilibrium constant for the experiment resulted in 3.064 which resulted in a yield of 70.34%.
Questions:
1. If one equivalent of methanol were used in the reaction, we would theoretically see the same amount of product because the stoichiometry of the reaction is 1:1.

2. a) if the ratio is 1:1 methanol to benzoic acid

k(1-x)(1-x)=x2
2.064 x2-6.128x+3.064
x=2.33 or x=0.636
Therefore, the yield is 63.6%, meaning that there should be 0.636 moles of methyl benzoate.

b) if the ratio is 20:1 methanol to benzoic acid.

K(20-x)(1-x)= x2
2.064 x2-64.344+61.28
x=20 or x=1
Therefore, the yield is 100%, meaning that there should be 1 mole of methyl benzoate.

3.	



 


4.  This reaction would not work because the carbon on the t-butanol is too stericly hindered.  In the step that the hydroxyl group is added to the carbon chain, the electron density is too high to allow for the OH to become a good leaving group.  
b)  This reaction would not occur because NaOH is a base.  The reaction requires an acid in order to protonate the oxygen in the carbonyl group.  Without this, the t-butyl bromide cannot attack to form the ester linkage.
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