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March 15, 2011
Introduction 
· Balanced Equation 
(CH3)3CCl + H2O → (CH3)3COH + HCl
· Mechanism 


· This is an SN1 reaction.  In such a reaction, the leaving group (chlorine) is bonded to a tertiary carbon.  In order for this reaction to take place, the first step must see the leaving group leave, forming a carbocation.  This has to happen first as the nucleophile (water) cannot get to the alpha carbon until the leaving group leaves.  If the alpha carbon is not tertiary, the reaction will be SN2 as the nucleophile will be able to reach the alpha carbon without being hindered by carbon molecules.  The SN2 has a rate-determining step that involves both the nucleophile and the electrophile.  The rate determining step in an SN1 reaction however is a single step involving only the electrophile.  Therefore 

Procedure and Observations 
· Initial Setup 
· Obtained 4 burettes and 4 burette clamps, and 50 mL of each of the following: 0.1M tert-butyl chloride in acetone, 0.01M NaOH in distilled water, distilled water, 0.1M tert-butyl chloride in ethanol
· Filled each burette with one of the 4 solution obtained in pervious step, obtained rubber stoppers and placed them atop the burettes to ensure minimal evaporation
· Obtained a water bath and added a thin layer of water to the bottom (enough to submerge the solutions and not tip over a flask).  Obtained a thermometer and placed the sensor into the water bath to monitor temperature throughout experiment
· Experiment A
· Collected 3.0 mL of 0.1 M tert-butyl chloride in acetone in a clean/dry Erlenmeyer flask; covered this flask with a stopper tightly 
· Collected 3.0 mL of NaOH, 4.0 mL of distilled water, and 3 Drops of bromothymol blue in a clean/dry Erlenmeyer flask; covered this flask with a stopper tightly 
· Placed the flasks into the water bath, allowed for temperature to equilibrate (approximately 3 minutes)
· Poured the tert-butyl chloride solution into the NaOH solution, poured the resulting mixture back into the flask that contained tert-butyl chloride; placed a stopper on resulting flask and awaited for color change, recorded the length of time required for this change in table 1.  Repeated experiment.  
Table 1: 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 (oC)
	21.1
	21.1

	Addition of Solution 1 to Solution 2
	Time For Color Change (s)

	Trial 1
	42.2

	Trial 2
	49.7



· Experiment B
· Collected 3.0 mL of 0.1 M tert-butyl chloride in acetone in a clean/dry Erlenmeyer flask; covered this flask with a stopper tightly 
· Collected 6.0 mL of NaOH, 1.0 mL of distilled water, and 3 Drops of bromothymol blue in a clean/dry Erlenmeyer flask; covered this flask with a stopper tightly 
· Placed the flasks into the water bath, allowed for temperature to equilibrate (approximately 3 minutes)
· Poured the tert-butyl chloride solution into the NaOH solution, poured the resulting mixture back into the flask that contained tert-butyl chloride; placed a stopper on resulting flask and awaited for color change, recorded the length of time required for this change in table 2.  Repeated experiment.  
Table 2: 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 (oC)
	20.9
	21.1

	Addition of Solution 1 to Solution 2
	Time For Color Change (s)

	Trial 1
	157.5 

	Trial 2
	138.3


· Experiment C
· Collected 3.0 mL of 0.1 M tert-butyl chloride in acetone in a clean/dry Erlenmeyer flask; covered this flask with a stopper tightly 
· Collected 3.0 mL of NaOH, 11.0 mL of distilled water, and 3 Drops of bromothymol blue in a clean/dry Erlenmeyer flask.  Obtained 25 ml of acetone and added 3.0 mL of acetone to the flask; covered this flask with a stopper tightly 
· Placed the flasks into the water bath, allowed for temperature to equilibrate (approximately 3 minutes)
· Poured the tert-butyl chloride solution into the NaOH solution, poured the resulting mixture back into the flask that contained tert-butyl chloride; placed a stopper on resulting flask and awaited for color change, recorded the length of time required for this change in table 3.  Repeated experiment.  
Table 3: 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 (oC)
	20.6
	20.9

	Addition of Solution 1 to Solution 2
	Time For Color Change (s)

	Trial 1
	39.4

	Trial 2
	33.5


· Experiment D
· Collected 3.0 mL of 0.1 M tert-butyl chloride in acetone in a clean/dry Erlenmeyer flask; covered this flask with a stopper tightly 
· Collected 3.0 mL of NaOH, 2.0 mL of distilled water, 3 Drops of bromothymol blue, and 2.0 mL of acetone in a clean/dry Erlenmeyer flask; covered this flask with a stopper tightly 
· Placed the flasks into the water bath, allowed for temperature to equilibrate (approximately 3 minutes)
· Poured the tert-butyl chloride solution into the NaOH solution, poured the resulting mixture back into the flask that contained tert-butyl chloride; placed a stopper on resulting flask and awaited for color change; repeated experiment 









Table 4: 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 (oC)
	20.8
	20.8

	Addition of Solution 1 to Solution 2
	Time For Color Change (s)

	Trial 1
	752.7

	Trial 2
	823.8


· Experiment E
· Collected 3.0 mL of 0.1 M tert-butyl chloride in acetone in a clean/dry Erlenmeyer flask; covered this flask with a stopper tightly 
· Collected 3.0 mL of NaOH, 3 Drops of bromothymol blue, and 4.0 mL of acetone in a clean/dry Erlenmeyer flask; covered this flask with a stopper tightly 
· Placed the flasks into the water bath, allowed for temperature to equilibrate (approximately 3 minutes)
· Poured the tert-butyl chloride solution into the NaOH solution, poured the resulting mixture back into the flask that contained tert-butyl chloride; placed a stopper on resulting flask and awaited for color change
Table 5: 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

	Distilled Water (mL)
	0.0
	0.0

	Acetone (mL)
	4.0
	4.0

	Bromothymol Blue (drops)
	3
	3

	Water Bath Temperature (oC)
	21.1
	21.0

	Addition of Solution 1 to Solution 2
	Time For Color Change (s)

	Trial 1
	>7200A

	Trial 2
	N/AB


· Note
· A - The color change was not observed in the laboratory
· B - Only enough glassware was provided for 1 test of this experiment




· Experiment F
· Repeated Experiment A and substituted the 3.0 mL of tert-butyl in acetone with 3.0 mL of tert-butyl in ethanol 
· Table 6: 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

	Distilled Water (mL)
	4.0
	4.0

	Bromothymol Blue (drops)
	3
	3

	Water Bath Temperature (oC)
	21.0
	21.0

	Addition of Solution 1 to Solution 2
	Time For Color Change (s)

	Trial 1
	74.9

	Trial 2
	88.4



Results 
Table 7: Comparing K and Rates
	Experiment
	Average Time (s)
	K (s-1)
	Rate (mol/L*s)

	A
	45.95
	2.29x10-3
	[bookmark: _GoBack]6.88x10-5

	B
	147.90
	1.51x10-3
	4.53x10-5

	C
	36.45
	2.89x10-3
	4.34x10-5

	D
	788.25
	1.34x10-4
	4.02x10-6

	E
	7200
	1.46x10-7
	4.38x10-9

	F
	81.85
	1.29x10-3
	3.87x10-5




Experimental Questions 
· Experiment B
· Both rate laws only depend on the concentration of the electrophile, and this is what is different between the two experiments.  In experiment A, the concentration of the electrophile is higher than in experiment B as in experiment A we use a total volume of 10 mL, whereas in B, we use a total volume of 20 mL.  The extra volume makes the electrophile more dilute, which makes the reaction go slower
· Experiment C
· The addition of the acetone/water mixture decreases the concentration of both the NaOH and the substrate.  This should decrease rate as rate is directly proportional to the concentration of tert-butyl chloride.  





· Experiment D
· The change in solvent from water to acetone decreases the rate of reaction.  This is due to SN1 reaction taking place faster in polar/protic solvent, such as water.  Although acetone is also polar, relative to water it is much less polar.  Also, water is protic and acetone is not.  
· The change in solvent proportion makes the solvent overall less polar (more acetone, less water).  As said before, solvent polarity effects rate of SN1 reaction in that polar solvents increase rate.  This occurs because the reaction forms ion intermediates which are stabilized by polar solvents.  The more polar the solvent, the more stable the reaction intermediate, the faster the reaction.  For a reaction co-ordinate diagram, see the discussion section 
· Experiment E
· The change in solvent from a mixture of water and acetone to just acetone greatly reduces the rate of reaction.  The overall polarity of the solvent is greatly reduced in this experiment.  See the discussion for a reaction co-ordinate diagram 
· Experiment F
· The change in solvent makes the reaction go much faster compared to experiments E and D.  In this reaction, the solvent is made up of water and ethanol, which are both polar and protic; the reaction is now extremely polar.  This makes the reaction go very fast.  See discussion for a reaction co-ordinate diagram 
· Final Results 
· K does vary with solvent and concentration.  The more acetone present, the lower the value of K.  The mechanism for all the reactions is the same, only the solvents vary, and the effect of solvent has been discussed previously.  The more polar and protic a solvent, the faster the reaction will occur due to the stabilization polar solvents bring to the intermediates.  More stable intermediates yield faster reactions.  Rate varies with solvent and concentration in the same way.  
Questions 
1. The kinetic expression would have been that of an SN2 process

This is due to the single step have a rate determining step involving both the nucleophile and the electrophile and therefore the rate is determined by both of these components
2. If the temperature had been increase, the rate would have been faster for each process.  This is due to faster moving molecules creating faster reaction 
3. To test this, I would take one of the experiments tested in this lab and vary the temperature for a number of trails and record the time required for 10% completion at each temperature 
4. The leaving group does not matter in the rate expression and therefore either of the substances would produce the same rate if tested in the same conditions 
5. If ammonia would have been used, there would be no change in rate, however there may be some product competition between water and ammonia, producing a mixture of two products



Discussion 
	The purpose of this lab was to test the effect of different solvents (or ratios of solvents) on the rate of the reaction.  The reaction being tested was an SN1 reaction.  This reaction has a rate determining step that only depends on the electrophile.  This means that for higher concentrations of electrophile, a faster rate should be observed.  The solvent also plays a role in the overall rate of reaction.  As mentioned previously, SN1 processes occur faster in polar protic solvents.  This is due to the ionic nature of the intermediates formed.  Since the intermediates are charged, they are unstable.  If they are stabilized by polar solvents or hydrogen bonding from a protic solvents, the reaction will occur faster as the intermediates are more stable.  The solvents used in this experiment were water, acetone, and ethanol.  Each of these three are polar, however water is more polar than acetone, and ethanol is more polar than water and acetone.  Water and ethanol are also protic (can hydrogen bond, donate proton), whereas acetone is not.  This means that the reaction should occur fastest in ethanol, slowest in solvents that are mostly acetone, and somewhere in between if the solvent is water or a mixture of water and acetone.  This is demonstrated in the reaction co-ordinate diagram seen below.
	Our results do not follow this trend however.  In experiment A, the solvent is water, and in experiment B, the solvent is also water however we added more NaOH to the solution, and therefore were measuring the time to 20% completion and not 10%.  This translates into experiment B taking longer, however they should have very similar rates.  This was observed in our results, with the rates being only around 1.5 mol/L*s off of each other, and overall experiment 1 occurred faster.  This could be due to the limited water in experiment B.
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