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Title: Investigation of the order of the reaction of iodine with acetone

Aim: To investigate the order of the reaction of iodine with acetone

Chemicals and Apparatus: 

50.0 cm3 0.02 M I2, 25.0 cm3 1.0 M H2SO4, 25 cm3 1.0 M acetone, 60~70 cm3 0.5M sodium hydrogencarbonate solution, dilute sodium thiosulphate solution, starch indicator, 10 cm3 pipette, 25 cm3 pipette, pipette filler, burette, conical flasks, 

stop-watch, thermometer

Methods:

Initially, flask A contains 50.0 cm3 M I2; flask B contains 25.0 cm3 H2SO4, 

25 cm3 acetone. After mixing, the reaction is

	I2(aq) + CH3COCH3(aq)
	  H+(aq)
	 HI(aq) + CH3COCH2I(aq)

	
	
	


The rate of change of reactant of this reaction is traced by the remaining concentration of the iodine by titrating against the sodium thiosulphate solution with the following chemical equation:




I2(aq) +2S2O32-(aq) ( 2I-(aq) +S4O62-(aq)  

Starch indicator is added forming a dark-blue complex with iodine when the titration is nearly ended for easy observation of the end-point.

However, the chemical reaction should be quenched (stopped abruptly). The quenching method used is the removal of the catalyst by adding the reaction mixture into sodium hydrogencarbonate solution before titration. The chemical equation is:




 HCO3-(aq) + H+(aq) ( H2O(l) +CO2(g)

Procedures:


1. The burette was filled with the sodium thiosulphate solution.

2. 10 cm3 portions of sodium hydrogencarbonate solution was pipetted by the 

10 cm3 pipette into each of the six conical flasks.

3. The contents of flask A and B were mixed thoroughly and at once the stopwatch was started.

4. After 5 minutes, 10 cm3 of the reaction mixture was pipetted and transferred into one of the conical flasks containing the sodium hydrogencarbonate solution.

5. The contents of the flask were mixed thoroughly and the temperature was monitored.

6. The burette reading was recorded as initial reading and the solution was titrated with sodium thiosulphate solution.

7. When the mixture was nearly colorless, starch indicator was added into the solutions and the titration was continued until the blue color just discharged.

8. The burette reading was recorded as final reading.

9. After every 5 minutes, steps 4~8 were repeated.

Observations:

1. H2SO4, acetone, sodium hydrogencarbonate solution, sodium thiosulphate solution and starch indicator were colorless. Iodine was dark brown.

2. Bubbles evolved when the reaction mixture was added into sodium hydrogencarbonate solution for quenching.

3. The reaction mixture, when titrating against sodium thiosulphate solution, was changed from dark brown to pale yellow before the adding of starch indicator.

4. After the starch indicator was added, the solutions changed from pale yellow to dark blue.

5. When the end-point was reached, the solution was colorless.

Results:

	Time (min)
	5
	10
	15
	20
	23
	25

	Titre (cm3)
	18.90
	18.75
	17.30
	16.70
	15.60
	15.00


	Pair number:
	1
	2
	3
	4

	Slope of graph 1 (cm3mins-1)
	-0.180
	-0.160
	-0.124
	-0.100


*The two graphs are attached to this laboratory report.

Discussions:

Reaction Mechanism

Consider this chemical equation again:

	I2(aq) + CH3COCH3(aq)
	  H+(aq)
	  H+(aq) + I-(aq) + CH3COCH2I(aq)

	
	
	



As indicated in the above equation, it is catalyzed by and it will be noted that these are produced in the reaction, i.e. the reaction is autocatalytic.

A possible reaction mechanism involves the slow formation of the ‘enol’ form of propanone in which one molecule of propanone and one H+(aq) ion participate, and which results in the regeneration of the catalyst as shown below

It is the slow step in the reaction mechanism, that is the rate determining step with highest activation energy.

As seen from the above rate determining step, the quenching method used 

(the removal of the catalyst by adding the reaction mixture into sodium hydrogencarbonate solution before titration with the chemical equation :




 HCO3-(aq) + H+(aq) ( H2O(l) +CO2(g)






)

can be considered as an effective one since it eliminate the H+(aq) in the most important step.

By comparison, the subsequent step (s) is/ are fast and is written below as a single process:

Therefore, iodine does not take part in the rate determining step and iodine is zeroth order.

The Energy Profile
P.E.


Reaction Coordinate

Terminology

Intermediate


An intermediate is an unstable species at a potential energy greater than both reactants and products, but with a potential energy lower than the activated complex. It can be detected by suitable methods or isolated.

Activated complex


An activated complex is the highly unstable species with the arrangement of nuclei and electrons at the maximum potential energy. (i.e. maximum attraction and minimum repulsion)

Transition state


It is the state where the activated complex exists in a highly unstable state somewhere between the reactants and products.

Energy profile


Energy profile is the graph of potential energy against the reaction coordinate (i.e. a measure of the reaction proceeds). It has four types of energy level, reactants, products, intermediates and transition states.

Activation energy, EA

Activation energy of a single stage reaction is defined as the potential energy difference between the transition state and the reactants. Note that it must be a non-negative number (i.e. EA≧0), mo matter it is an exothermic or endothermic reaction.

Reaction mechanism


It is the step-by-step description (in terms of bond breaking and bond forming) of how the reactants are converted into the products in a multi stage reaction.


Note that the reaction mechanism can never be proved but must comply with the rate law which is determined experimentally.

Rate determining step


It is the slowest step in the multi-stage reaction with the highest activation energy. The rate determining step can also be deduced from the order of reaction.

Molecularity


It is the number of reactant particles involved in an elementary step. It has three categories:


Unimolecular:

1 particle collides with excess solvent


Bimolecular:

2 particles collide together


Termolecular:

3 particles collide together at the same time

*Termolecular is very uncommon due to the low probability of 3 particles collide at the same time with proper orientation in three-dimensional space.


The overall reaction rate is mainly controlled by the rate of the rate determining step for a multi-stage reaction. (Since it is much more slower than other elementary steps in a multi-stage reaction)
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