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Purpose:

To study the hydrolysis of 2-chloro-2-methylpropane (tert-butyl chloride) and observe the effects of concentration and different solvents on the reaction rate. Also to study the mechanisms of SN1 and SN2 reactions. 

Introduction:

A mechanism determines the reactivity of molecules by making and breaking bonds either to change the molecule or create a new one. One way to study mechanisms is to observe reaction rates. 
In this lab the hydrolysis of 2-chloro-2-methylpropane (tert-butyl chloride) will be observed. By changing different aspects of the reaction, the effect on the reaction rate can be deduced, for example changing the nature of the solvent or changing concentrations of the reaction. When a solvent is changed it can alter the transition state of the reaction and in turn alter the activation energy of the reaction; if the transition state changes to give a higher activation energy, the reaction rate decreases, and if the transition state is changed to give a lower activation energy the reaction rate in increased since less energy is needed to get to the transition state. Controlling temperature in this experiment is also important, which is why the flasks were placed in a water bath to keep the temperature constant at room temperature. 
In an SN1 reaction, the rate determining step depends only on one molecule. So the rate of the reaction is dependant only on the formation of that molecule. 


















Polarity is one factor that affects an SN1 reaction, because the a molecule stabilizes the intermediate carbocation which lowers its activation energy and in turn increases its reaction rate. An SN1 reaction occurs faster in a polar protic solvent, which is a solvent that releases H+ atoms into the solution and produces hydrogen bonds with the unshared electrons of electronegative atoms. 
Polarity doesn’t affect SN2 reactions because SN2 reactions don’t have intermediates, it happens in one step and the polar molecule will react with the nucleophile and not allow it to completely react like it should. But polar aprotic solvents that don’t have electronegative atoms attached to them are best for SN2 reactions.     
The rate of a reaction is determined by multiplying the rate constant of the reaction with the concentration of the reactants (one or more). 

A  B 
dB/dt = k[A]

The reactants in this equation are from the rate determining step because the reaction rate is most dependant on this rate determining step because it is the slowest step in the reaction. 
As a reaction goes on the substrate decreases as it reacts so the reaction rate slowly decreases over time, so to get an accurate reaction rate we observe the reaction rate when the reaction goes to 10% completion. When NaOH is added to the solution it becomes basic but as the reaction goes forward and the NaOH is used up/depleted the reaction becomes acidic, and that is when the indicator changes color from blue to yellow and that is the sign of the 10% completion. The reaction can be expressed with the equation shown below:

Rate= k[(CH3)3CCl]
 But in this experiment we are measuring the time of the reaction and we don’t have the rate constant, so the rate constant can be determined with the following equation:

K = 0.105/ t10%


















Procedures and Observations: 

Experiment A
· Four burets were set up, each containing one of four unique solutions: 0.1M tert-butyl chloride in acetone, 0.01M NaOH in distilled water, 0.1M tert-butyl chloride in ethanol, and distilled water.
· 3ml of the 0.1M tert-butyl chloride in acetone was placed in a 50ml Erlenmeyer flask. This was a colourless solution. 
· 3ml of 0.01M NaOH, 4ml of distilled water and 3 drops of Bromthymol Blue was placed in another identical Erlenmeyer flask. This was a clear blue solution. 
· Stoppers were placed on both flasks to  minimize evaporation of the substances.
· The two Erlenmeyer flasks were placed in a water tray to bring them to ambient temperature (23°)
· The two flasks were mixed by pouring the tert-butyl chloride solution into the NaOH solution and then pouring it back into the first flask. This new solution was translucent blue. A stopper was placed in the flask to once again ensure that substances did not evaporate.
· The time required for the solution to turn yellow was recorded, and the experiment was repeated a second time.

Table 1: Time required for experiment A

	
	Solution #1
	

	
	Trial #1
	Trial #2

	0.10 M t-BuCl in acetone (mL)
	3.0
	3.0

	
	Solution #2
	

	
	Trial #1
	Trial #2

	0.01 M NaOH (mL)
	3.0
	3.0

	Distilled water (mL)
	4.0
	4.0

	Bromothymol Blue (drops)
	3
	3

	Water bath temperature
	22
	22

	Addition of Solution #1 to #2
	Time for color change (s)
	

	Trial #1
	48
	

	Trial #2
	49
	











Experiment B
· The procedure for Experiment A was repeated, with the NaOH solution being replaced with a solution composed of 6ml of 0.01M NaOH, 1ml of distilled water and 3 drops of Bromthymol Blue.

Table 2: Time required for experiment B

	
	Solution #1
	

	
	Trial #1
	Trial #2

	0.10 M t-BuCl in acetone (mL)
	3.0
	3.0

	
	Solution #2
	

	
	Trial #1
	Trial #2

	0.01 M NaOH (mL)
	6.0
	6.0

	Distilled water (mL)
	1.0
	1.0

	Bromothymol Blue (drops)
	3
	3

	Water bath temperature
	22
	22

	Addition of Solution #1 to #2
	Time for color change (s)
	

	Trial #1
	185
	

	Trial #2
	192
	




Experiment C
· The procedure for Experiment A was repeated, with the NaOH solution being replaced with a solution composed of 3ml of 0.01M NaOH, 11ml of distilled water, 3ml of acetone and 3 drops of Bromthymol Blue.

Table 3: Time required for experiment C

	
	Solution #1
	

	
	Trial #1
	Trial #2

	0.10 M t-BuCl in acetone (mL)
	3.0
	3.0

	
	Solution #2
	

	
	Trial #1
	Trial #2

	0.01 M NaOH (mL)
	3.0
	3.0

	Distilled water (mL)
	11.0
	11.0

	Acetone (mL)
	3.0
	3.0

	Bromothymol Blue (drops)
	3
	3

	Water bath temperature
	22
	22

	Addition of Solution #1 to #2
	Time for color change (s)
	

	Trial #1
	40
	

	Trial #2
	43
	




Experiment D
· The procedure for Experiment A was repeated, with the NaOH solution being replaced with a solution composed of 3ml of 0.01M NaOH, 2ml of distilled water, 2ml of acetone and 3 drops of Bromthymol Blue.

Table 4: Time required for experiment D

	
	Solution #1
	

	
	Trial #1
	Trial #2

	0.10 M t-BuCl in acetone (mL)
	3.0
	3.0

	
	Solution #2
	

	
	Trial #1
	Trial #2

	0.01 M NaOH (mL)
	3.0
	3.0

	Distilled water (mL)
	2.0
	2.0

	Acetone (mL)
	2.0
	2.0

	Bromothymol Blue (drops)
	3
	3

	Water bath temperature
	22
	22

	Addition of Solution #1 to #2
	Time for color change (s)
	

	Trial #1
	698
	

	Trial #2
	715
	



Experiment E
· The procedure for Experiment A was repeated, with the NaOH solution being replaced with a solution composed of 3ml of 0.01M NaOH, 3 ml of acetone and 3 drops of Bromthymol Blue and instead of 3.0 ml of 0.10M  t-BuCl in Acetone, 4.0 ml was added to the flask.

Table 5: Time required for experiment E

	
	Solution #1
	

	
	Trial #1
	Trial #2

	0.10 M t-BuCl in acetone (mL)
	3.0
	3.0

	
	Solution #2
	

	
	Trial #1
	Trial #2

	0.01 M NaOH (mL)
	3.0
	3.0

	Acetone (mL)
	4.0
	4.0

	Bromothymol Blue (drops)
	3
	3

	Water bath temperature
	22
	22

	Addition of Solution #1 to #2
	Time for color change (s)
	

	Trial #1
	7201
	

	Trial #2
	7201
	


Experiment F
· The procedure for Experiment A was repeated, with the tert-butyl chloride solution being replaced with 3ml of tert-butyl chloride in ethanol.

Table 6: Time required for experiment F

	
	Solution #1
	

	
	Trial #1
	Trial #2

	0.10 M t-BuCl in ethanol (mL)
	3.0
	3.0

	
	Solution #2
	

	
	Trial #1
	Trial #2

	0.01 M NaOH (mL)
	3.0
	3.0

	Water (mL)
	4.0
	4.0

	Bromothymol Blue (drops)
	3
	3

	Water bath temperature
	22
	22

	Addition of Solution #1 to #2
	Time for color change (s)
	

	Trial #1
	22
	

	Trial #2
	20
	




Visual Observations:

	What colours are solution # 1 and #2 before mixing?
	What color is obtained when the hydrolysis is complete?

	
Soltuion #1 is clear and solution # 2 is light translucent blue
	
Yellow


















Sample calculations:

Reaction rate for experiment A:

Average time= 48+49
		     2
	           =48.5

ln (0.9) = -kt10%  
k= ln(0.9) / -t10%	
k = ln(0.9) / -(48.5 s)
k=2.17 x 10-3 s-1

[(CH3)3CCl]:

C1V1=C2V2
(0.10 M)(3 mL)=C2(10 mL)
C2= 0.03

Rate= k[(CH3)3CCl]
         =(2.17 x 10-3)(0.03)
         =6.51 x 10-5






















Discussion:

It was very important to dry the flasks in this experiment every time they were used because the flasks had to be completely dry to reduce experimental error, if there was a drop of water or anything else it would alter the concentration of the solvents and in turn in the time for the color change would be slightly off. It was also important to keep the flasks in a water bath to keep them at a constant room temperature. Stoppers were placed on the flasks and burettes to minimize evaporation. And lastly Bromothymol was used as an indicator to show when the NaOH was depleted and the pH changed from basic to acidic and this was observed with a color change from blue to yellow.  

Experiment A
When the tert-butyl chloride in acetone is mixed with the NaOH solution, an SN1 reaction occurs between the tert-butyl chloride and its new aqueous environment. The first step of this SN1 reaction is the parting of the chlorine from the t-butyl chloride creating a carboncation. The t-butyl chloride is more stable as an alkyl halide is a lot more stable than the carboncation that is produced, as results this step of the reaction requires the most energy and is therefore the slowest and the rate determining step. As the chlorine ion is produced it produces HCl, which is then neutralized by the NaOH. When no more NaOH is left to neutralize the acid the solution becomes acidic producing the color change from blue to yellow.  We can use this to monitor the formation of products as we can easily note the color change and record the time it took to change. For this lab, the concentration of the tert-butyl chloride was ten times at large as the NaOH, as a result when 10 percent of the tert-butyl chloride has reacted we will see the color change. Accordingly, the time at which the solution turns yellow is the time at which 10% of the tert-butyl chloride has undergone the SN1 reaction. The average time required for the color of the solution to change was 48.5 s. As can be seen from the above calculation the rate constant is found using the measured reaction time: 
K=2.17 x 10-3 s-1

And the reaction rate is calculated to be:

6.51 x 10-5

Experiment B
This reaction was essentially the same as in experiment A, except the amount of NaOH was doubled and only 1.0 mL of water was used. What this means is that instead of measuring the time the reaction takes to be 10% complete, we are measuring the amount of time it takes the reaction to go to 20 % completion. The average time required for the color of the solution to change was 188.5 s. The reaction constant and reaction rate are calculated to be:

K=5.59 x 10-4 s-1
Rate= 1.68 x 10-5


Experiment C:
In this experiment 11.0 mL of water is used and 3.0 mL of acetone is added and the average time required for the color of the solution to change was 41.5 s. The reason this reaction is affected is because acetone contains a double bond between the oxygen and carbon, so the double bond is broken to make acetone the nucleophile to attach to the carbocation reducing the amount of water that acts as a nucleophile. The increased amount of water also increases the reaction rate because water is polar and therefore stabilizes the carbocation lowering the activation energy and increasing reaction rate.   
The reaction constant and reaction rate are calculated to be:

K=2.54 x 10-3 s-1
Rate=3.81 x 10-5


  Experiment D:
In this experiment the amount of water and acetone is reduced to 2.0 mL and therefore slows down the reaction significantly. This is because the polarity of the solution decreased due to the less amount of water which gives a higher activation energy and therefore a slower reaction rate. The reaction constant and reaction rate are calculated to be:

K=1.49 x 10-4 s-1
Rate=4.47 x 10-6
 
Experiment E:
In this experiment no water was added which made the solution non-polar and raised the activation energy significantly which in turn decreased reaction rate quite a lot. The reaction constant and reaction rate are calculated to be:

K=1.46 x 10-5
Rate=4.39 x 10-7

Experiment F:
In this experiment t-BuCl was in ethanol instead of acetone and since ethanol is more polar this lowered the activation energy and in turn increased reaction rate so the reaction went through much faster. The reaction constand and reaction rate are calculated to be:

K=5.02 x 10-3
Rate=1.51 x 10-4






Reaction Coordinate Diagram:











































Questions:

1) If the reaction occurred in a one step mechanism then the expected kinetic expression would be rate=k[Nu][LG], this is because a one step mechanism would imply that the reaction was an SN2 reaction so the rate determining step would have to include both the nucleophile and the leaving group because the leaving group leaves at the same time that the nucleophile attaches. So the rate would depend on the concentration of both the leaving group and the nucleophile. 
2) If the temperature were increased this would in turn increase the reaction rate because an increase in temperature increases the kinetic energy of the molecules which means more collisions happen and the activation energy is lowered which thus makes the reaction happen faster due to the faster production of products. 
3)  To test the prediction made in answer number 2, you could perform an experiment like this experiment and also perform the same experiment on the side but placing the flasks in a hot water bath rather than a water bath at room temperature. When both experiments are completed the rates can then be compared. 
4) If tert-butyl bromide was used instead of tert-butyl chloride the reaction rate would increase because bromine is a better leaving group than chlorine which means the reaction happens faster. Also since bromine is a bigger molecule than chlorine this allows the bromine molecule to disperse the negative charge better than chlorine which is a smaller molecule hence bromine would be more stable since the negative charge is dispersed better than in chlorine. 
5) Since this is an SN1 reaction, a change in the nucleophile would have no affect on the rate because it depends on the carbocation solely  not the nucleophile, so if ammonia was used instead there would be no observable effect on the rates. 
6) The expected product of the reaction with isopropanol would be tert-butyl  isopropylether and the expected product with methanol would be tert-butyl methylether. Since they are 2 different products the rate of formation would be different; since the transformation of propanol into a nucleophile is slower than the transformation of methanol into a nucleophile the rate of the reaction with isopropanol would be slower. The tert-butyl methylether would be the major product because methanol would make the better nucleophile since it is a primary alcohol and it’s easier to form the nucleophile from methanol (primary alcohol) than isopropanol which is a secondary alcohol.   
