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(Preparation)

Title: Determining an equilibrium constant

Aim: To calculate the equilibrium constant of ethyl ethanoate reacts with water

Chemicals and Apparatus: 

5 dry test tubes with stoppers wrapped by handiwrap, electronic balance, 5.0 cm3 pipette, burette, conical flasks, measuring cylinders, ~30 cm3 2 M hydrochloric acid, ~100cm3 standard sodium hydroxide solution, phenolphthalein, ethyl ethanoate

Methods:
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Since the organic reaction is usually very slow, dilute hydrochloric acid is used as a catalyst, so that the equilibrium can be attained within a shorter period of time.


For preparation, different proportions of the two reactants, water and ethyl ethanoate, with a fixed amount of dilute hydrochloric acid are prepared in sealed test tubes.


The reactions are allowed to proceeds for a several days to attain equilibrium state.


Each sample is then analysed by titration against standard sodium hydroxide solution. Part is reacted with the catalyst, hydrochloric acid, and part is reacted with ethanoic acid produced.


The equilibrium constant is calculated from the equilibrium concentrations of all four components which are found by calculating the starting amounts and the amount of ethanoic acid produced.

Procedure:
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Preparation

1. 5 dry test tubes and stoppers were labeled 1A, 1B, 2, 3 and 4.

2. Each tube was weighed with its corresponding stopper, the mass was recorded.

3. With the use of 5.0 cm3 pipette, 5.0 cm3 2 M hydrochloric acid was added to each tube. Each tube was weighed again with the stopper, the mass was recorded again.

4. With the use of dry measuring cylinders, approximate volumes of ethyl ethanoate were added to tubes 2, 3 and 4 as shown above. Tubes 2, 3 and 4 were weighed again with stoppers and the masses were recorded.

5. From another measuring cylinder, approximate volumes of water were added to tubes 3 and 4 as shown above. Tubes 3 and 4 were weighed again with stoppers and the masses were recorded.

6. The tubes were locked in the locker and were shaken on 4th March.

Titration

1. The burette was rinsed and filled with standard sodium hydroxide solution.

2. The content of tube 1A was poured into conical flask and the tube was rinsed 3 times by distilled water.

3. The initial reading of burette was recorded. 2~3 drops of phenolphthalein was added into the solution. The acid was titrated against sodium hydroxide solution.

4. The final reading of the burette was recorded.

5. Steps 2,3 and 4 were repeated with tubes 1B, 2, 3, and 4 in turn.

Calculation:

	1. Average titre =
	11.80 +11.90
	= 11.85 cm3

	
	2
	


No. of moles of NaOH = no. of moles of HCl added

	= 0.9607 x
	11.85
	= 0.01138 mol

	
	1000
	


2. Total no. of moles of acid (HCl+ ethanoic acid)

	2= 0.9607 x
	41.75
	= 0.04011 mol

	
	1000
	


	3= 0.9607 x
	37.40
	= 0.03593 mol

	
	1000
	

	4= 0.9607 x
	27.60
	= 0.02652 mol

	
	1000
	


3. No. of moles ethanoate acid 


2 = 0.04011 – 0.01138 = 0.02873 mol


3 = 0.03593 – 0.01138 = 0.02555 mol


4 = 0.02652 – 0.01138 = 0.01514 mol

5. Initial amount of ethyl ethanoate

	2 =
	4.3
	= 0.04886 mol

	
	88
	


	3 =
	3.5
	= 0.03977 mol

	
	88
	


	4 =
	1.7
	= 0.01932 mol

	
	88
	


6. Equilibrium amount of ester


2 = 0.04886 – 0.02873 = 0.02023 mol


3 = 0.03977 – 0.02555 = 0.01422 mol


4 = 0.01932 – 0.01514 = 0.00418 mol

7. Mass of pure HCl = 0.01138 x 36.5 = 0.4154 g

8. Mass of water in HCl(aq) 


2 = 5.2 – 0.4154 = 4.7846 g


3 = 5.1 – 0.4154 = 4.6846 g


4 = 5.2 – 0.4154 = 4.7846 g

9. Initial amount of water

	2 =
	4.7846
	= 0.2658 mol

	
	18
	


	3 =
	4.6846 + 0.9
	 = 0.2658 mol

	
	18
	


	4 =
	4.7846 + 4.0
	= 0.4880 mol

	
	18
	


10. Equilibrium amount of water


2 = 0.2658 – 0.02873 =0.2371 mol


3 = 0.3103 – 0.02555 =0.2848 mol

4 = 0.4880 – 0.01514 =0.4729 mol

11. 
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Kc associates with the equation is

	Kc =
	[CH3CO2H(l)][ C2H5OH(l)]

	
	[H2O(l)][ CH3CH2C2H5(l)]


2 = 0.1721

3 = 0.1612

4 = 0.1160 (rej.)

Kc determined experimentally is 0.1667

Results:

	Tube Number
	1A
	B
	2
	3
	4

	Mass of empty tube             /g
	44.9
	44.8
	44.8
	44.6
	45.0

	Vol. of HCl(aq) added          /cm3
	5.0
	5.0
	5.0
	5.0
	5.0

	Mass of tube after addition      /g
	49.7
	50.0
	50.0
	49.7
	50.2

	Vol. of ethyl ethanoate added /cm3
	-
	-
	5.0
	4.0
	2.0

	Mass of tube after addition      /g
	-
	-
	54.3
	53.2
	51.9

	Vol. of water added          / cm3
	-
	-
	-
	1.0
	3.0

	Mass of tube after addition      /g
	-
	-
	-
	54.1
	55.9

	Mass of ethyl ethanoate added  /g
	0
	0
	4.3
	3.5
	1.7

	Mass of HCl(aq) added            /g
	4.8
	5.2
	5.2
	5.1
	5.2

	Mass of water added            /g
	0
	0
	0
	0.9
	4.0

	Solution in flask
	Equilibrium mixture

	Solution in burette
	Sodium hydroxide  0.9607  mol dm-3

	Indicator
	Phenolphthalein

	Tube number
	1A
	1B
	2
	3
	4

	Final burette reading
	12.90
	24.70
	42.40
	38.20
	27.80

	Initial burette reading
	1.00
	12.9
	0.65
	0.80
	0.20

	Titre             /cm3
	11.90
	11.8
	41.75
	37.40
	27.60


	 Tube number
	2
	3
	4

	1. Amount of HCl/mol
	0.01138
	0.01138
	0.01138

	2. Total amount of acid at eqm/mol
	0.04011
	0.03593
	0.02652

	3. Eqm amount of ethanoic acid/mol
	0.02873
	0.02555
	0.01514

	4. Eqm amount of ethanol/mol
	0.02873
	0.02555
	0.01514

	5. Initial amount of ethyl ethanoate/mol
	0.04886
	0.03977
	0.01932

	6. eqm amount of ethyl ethanoate/mol
	0.02023
	0.01422
	0.00418

	7. mass of pure HCl/g
	0.4154
	0.4154
	0.4154

	8. mass of water in HCl(aq)/g
	4.7846
	4.6846
	4.7846

	9. Initial amount of water/mol
	0.2658
	0.3103
	0.4880

	10. Eqm amount of water/mol
	0.2371
	0.2848
	0.4729

	11. Eqm constant, KC
	0.1721
	0.1621
	0.1160


Observations:

1. All the solutions are colorless.

2. For tubes 2, 3, and 4, after opened the stopper, a strong, pungent odour like vinegar was sensed.

3. When the solutions have come to the end-point in titration, the solution just turned a permanent pale pink color. 

Discussion:

The choice of indicator


Phenolphthalein is used instead of methyl red, since the strong alkali (sodium hydroxide) will react with a weak acid (ethanoic acid) produced, hence producing basic salt with pH value around 8.

Precautions

1. The tubes have to be stoppered so as to provide a closed system so that no reactants nor products will escape the system, especially ester can be easily vapourized.

2. The stopper has to be wrapped handiwrap by because the acid will attack the plastic materials of the stoppers, making the tube difficult to be opened.

3. The reaction mixture has to stand 3~4 days to allow enough time for the reaction to reach equilibrium.

4. The weighting must be done with result correct to at least 3 significant numbers, otherwise the percentage error will be very large.

5. The 5 tubes must be dry so that the reaction mixture is not diluted by the presence of the water.

Conclusion of Experimental Results


Since the KC, after allowing experimental errors, is constant, it shows that varying the relative concentrations of the participating substances can alter the position of equilibrium, but the equilibrium constant itself remains constant unless the temperature altered.

Homogenous and Heterogeneous Equilibrium


Chemical equilibria can be classified into 2 types: homogenous and heterogeneous.


For homogenous equilibrium, it means that all the participating substances present in one phase only:

N2O4(g)  [image: image3.wmf]  2NO2(g)


For heterogeneous equilibrium, it means hat the participating substances present in more that one phase:

CaCO3(s)  [image: image4.wmf]  CaO(s) + CO2(g)
Le Chatelier’s Principle


It states that if any constraint is applied to a system in equilibrium, then the system will change in such a manner as to counteract this constraint as far as is possible.

Concentration and Pressure


By Le Chatelier’s Principle, if the concentration of the reactants increases, the concentration of products must increase so as to remain as KC a constant. Hence the equilibrium position to the right. Similarly, the equilibrium position shifts to left if the concentration of the products increases.


For pressure increases, the equilibrium position will shift to the right if the total number of moles of L.H.S. of the balanced equation is greater than the R.H.S., otherwise, the equilibrium position will shift to the left.

Temperature


The temperature and the value of K can be related quantitatively by the following equation.

	ln K = constant -
	△H

	
	RT


where
K is the equilibrium constant



△H is the enthalpy change of the reaction in Jmol-1


R is the gas constant (R= 8.31JK-1mol-1)



T is the temperature in Kelvin.


In fact, it is quite similar to another temperature related equation, Arrhenius Equation

	
	-EA

	k= Ae
	RT

	
	


After taking natural logarithms,






	ln k = A -
	EA

	
	RT


where
k is the rate constant of the reaction



A is a constant which is independent of temperature



EA is the enthalpy change of the reaction in Jmol-1


R is the gas constant (R= 8.31JK-1mol-1)



T is the temperature in Kelvin.

Catalyst


As the catalyst catalyses both the forward reaction and backward reaction, hence neither the equilibrium position nor the equilibrium constant has changed. The only change is the equilibrium can be reached within a shorter period of time.

Summary Table


- the effect of varying conditions on the equilibrium aA(g) +bB(g)[image: image5.wmf]cC(g) +dD(g)
	Changes
	Equilibrium position
	Equilibrium constant
	Remarks

	[A]/ [B] ↑
	Shift to right
	No change
	-


	[C]/ [D] ↑
	Shift to left
	No change
	-

	Pressure ↑
	To right if (a+b) ＞ (c+d)
	No change


	Very little effect, If any on reactions in liquid solution

	
	To left if (a+b) ＜ (c+d)
	
	

	
	No change if (a+b) = (c+d)
	
	

	Temperature ↑
	To left if the reaction is exothermic
	Value increased
	Equilibrium achieved faster

	
	To right if the reaction is endothermic
	Value increase
	

	Addition of a catalyst
	No change
	No change
	Equilibrium achieved faster


Reference:

Modern Physical Chemistry, ELBS, p. 259, 261, 269
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