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Purpose: 

To produce 1-bromobutane from a sample of 1-butanol by the use of an SN2 reaction.

Introduction:

	An SN2 reaction stands for ‘Substitution, Nucleophilic Bimolecular’. The formation of a 1-bromobutane from a 1- butanol using potassium bromide in the presence of sulfuric acid is an example of an SN2 reaction. The balanced chemical equation for this SN2 reaction is stated below. 
CH3(CH2)3OH + KBr + H2SO4  CH3(CH2)3Br + KHSO4 + H2O
The mechanism for this SN2 displacement of 1-butanol using KBr in the presence of H2SO4 to produce 1-bromobutane is shown below (the potassium cation is omitted for clarity as it is a spectator ion):












Due to competition between two nucleophiles (Br- and the unprotonated 1-butanol) an undesired byproduct of this SN2 reactions is dibutyl ether. The reaction mechanism for the formation of the dibutyl ether is shown below:





 







Procedure and Observations

Part A: Reflux

Table 1: Initial Preparations

	Reagent
	Mol. Wt.
(g/mol)
	Density
(g/mL)
	Amount
(g or mL)
	Moles
(mol)

	9 M H2SO4
	98.09
	1.84
	16.25 mL
	0.305

	1-Butanol
	74.12
	0.81
	5.75 mL
	0.0628

	KBr
	119.00
	2.75
	8.90 g
	0.0748



Procedure
· A  reflux apparatus was set up inside the fume hood,  with 16.25 mL of 9 M sulfuric acid, 5.75 mL of 1-butanol, and 8.90 g of solid KBr inside the 250 mL round bottom flask.
· After each addition, the ingredients were mixed using a magnetic stirrer until all the KBr appeared as undissolved white granules at the bottom of the flask and the clear liquid rest on top.
· A reflux condenser was attached to the flask containing the reaction mixture.
· Cooling tubes were attached to the reflux condenser, with the water entering from the bottom of the cooling jacket. 
· The mixture was heated so that it boils gently for 45 minutes.
· The reflux level was maintained at the lower level of the cooling jacket.
· As the mixture boiled two distinct layers were visible.  The clear liquid on top turned into a light transparent yellow color, and the bottom layer was observed to be a translucent white liquid. 
· After 45 minutes of boiling the mixture, the yellow liquid appeared a lighter yellow and the bottom liquid slightly more murky.












Observations:

Table 2: Qualitative observations during reflux
	Appearance of the Original Rection Mixture
	Appearance of the Mixture at the Reflux
	Appearance After the Reaction is Stopped

	· Clear Solution
· White globs accumulate at the bottom of the flask
	· Condensation is visible at the bottom of the condenser
· Solution stayed clear with little bubbles forming on the top when boiled
· White substance sedimented to the bottom
	· Two layers form, top and bottom
· One layer was yellowish and the other opaque



Part B: Product Isolation

Table 3: Isolation of Purified 1-Bromobutane

	
	Fraction (100 – 104 °C)

	Weight of Empty Flask (g)
	23.26

	Weight of Flask + Fraction (g)
	28.39

	Weight of Fraction (g)
	5.13

	Volume of Fraction (mL)
	1.8

	Density of Fraction (g/mL)
	2.85

	Literature Density Value (g/mL)
	1.27

	Theoretical Yield (g)
	8.07

	Percent Yield (%)
	63.6


            
Procedure
· The heat was removed and the mixture was allowed to cool for 4 – 5 minutes after which 8.2 mL of distilled water was added to the top of the 250 mL round bottom flask using a funnel. 
· The reflux condenser apparatus was replaced with a simple distillation apparatus which was built bottom to top as is outlined in the lab manual.
· The mixture was distilled until there were no water- insoluble, oil- like globules in the condenser, this occurs at a temperature between 100 – 105 °C.
· The solution was distilled until the distillate being collected was clear.   The distillation flow rate was 1.7 drops/second, the temperature range 24.5°C to 108°C and the volume of distillate collected was 8.1 mL.
· The distillate was placed into a separatory funnel and the receiving flask was rinsed with 2.5 mL of water. The rinsings were then added to the separatory funnel.
· 2.5 mL of 1 M sulfuric acid (H2SO4) was added to the separatory funnel and the layers were separated.  Clear and colorless layers formed with the aqueous phase on the top and a murky white organic layer formed at the bottom. 
· The organic layer was removed and placed back inside the separatory funnel by itself. 
· 10.0 mL of 1M NaOH was added to the organic layer in the separatory funnel and was swirled. The funnel was allowed to cool and then the layers were separated.
· The organic layer was collected in a clean Erlenmeyer flask. 
· 1.50 g of anhydrous Na2SO4, a drying agent, was added to the flask. The contents were stirred for a short time until the supernatant liquid becomes clear and colorless. The contents of the flask were then filtered through a small wad of cotton into a dry 25 mL round bottom flask.
· The density of the fraction was measure by dividing the mass of 1-bromobutane by its volume – the density was calculated to be 2.85 g/mL.

Observations:

Table 4: Extraction


	What did you observe during the aqueous-organic extraction?
	What happened when the drying reagent was added?

	· Two layers
· One clear and the other was opaque, with the opaque at the bottom and clear on top
	· Water was removed from the organic layer because it is considered an impurity











Sample calculations:

Part A:
	Moles of 9M H2SO4:

1.84g   x  16.25 mL  x       mol       
   mL                             98.09g

=0.305 mol

Moles KBr:

Moles =             Mass
                 Molar mass
	= 8.9
                 119
	= 0.0748 mol

Part B:

Weight of Fraction	
= (Weight of Flask + Fraction) – (Weight of Empty Flask)
= 28.39g – 23.26g
= 5.13g 

Density of Fraction	
Density = m        
                 V
= 5.13g/1.8 mL 
= 2.85 g/mL

Theoretical Yield

                         CH3(CH2)3OH + KBr + H2SO4  CH3(CH2)3Br + KHSO4 + H2O
    *** 1:1 molar ratio and 1-butanol is the limiting reagent therefore…
    Yield theoretical =  0.0589 mol CH3(CH2)3OH    X    1 mol CH3(CH2)3Br      X  137.02g  = 8.07g       
                                                                                  1 mol CH3(CH2)3OH          1 mol

Percent Yield
Percent Yield = Actual yield / Theoretical yield x100%
		= 5.13g/ 8.07g x 100
		= 63.6% 
Discussion:

Part A: Reflux 

In this part of the experiment, the SN2 reaction takes place and it follows the mechanism outlined in the introduction of the lab. As can be seen in this mechanism, the leading group of the 1- butanol, the OH- group, is a poor leading group and would not easily facilitate the SN2 reaction. This is overcome by using the 9 M sulfuric acid (H2 SO4) which potentates the hydroxyl group and creates the much better leading group H2O.  With the better leading group the mechanism can proceed completely creating the desired 1-bromobutane. However, due to competing nuceophiles in the solution an undesired side product is also formed. This is dibutyl ether which is formed when the protonated 1- butanol reacts with an unprotonated 1 – butanol. It is also important to note that HBr, a highly corrosive gas, is also a side product, hence the condenser is kept open at the top to allow the gas to escape.  During this lab the cooling water is attached to the bottom of the cooling jacket. This is done so that as the vapour rises it is allowed to condense and return to the flask. This prevents the loss of materials. 

Part B: Product Isolation

Once the SN2 reaction has completed there remains in our flask the 1 – bromobutante along with other non organic molecules ( KHSO4 and H2O), as well as the undesired dibutyl ether. Since the boiling point of dibutyl ether is around 142 – 143 °C as opposed to the 1-bromobutane which has a boiling point of range 100 -104 °C the two can be separated using a distillation. As a result since we distil to a temperature of 105 °C only the 1 –bromobutane would have evaporated and formed the distillate. Furthermore, to eliminate any water or dibutyl ether in the distillate, the distillate was placed in a separatory funnel and concentrated sulfuric acid was added.  The sulfuric acid potontates the dibutyl ether, converting it to a water-soluble salt.  The 1-bromobutane is insoluble in water and thus forms an organic layer, while the sulfuric acid, water and the protonated dibutyl acid form the aqueous layer. Using the separatory funnel the organic layer is separated. The aqueous layer is discarded and the organic layer is put back in the separatory funnel .  NaOH is added to neutralize any remaining acid and the organic layer is collected again. At this point anhydrous sodium sulfate, a drying agent, was then added to the isolated organic phase to take up any residual water, and then filtered away as the 1-bromobutane was passed through a cotton wad.  

The density of our 1-bromobutane was found to be 2.85 g/mL when compared to the literature value of 1.27 g/mL we can see that our percent yield was 64.6 %, it can be accounted by the formation of the undesired dibutyl ether. In addition HBr is also produced by the sulfuric acid reacting with the KBr which is initially added. As a result such a percent yield of 64.6 % is reasonable and expected.


Questions:

1) It is advisable to use an excess of KBr in order to get as high as possible a yield because first of all throughout the initial reaction, some KBr reacts with the sulfuric acid to produce a gas which escapes into the surrounding air. This occurs by the following reactions:
Br- + H2SO4  HBr + HSO4-
Thus the more Br ions there are the more will be available for the SN2 reaction. A second reason is because if there are more Br ions it will compete more successfully with the unprotonated 1-butanol molecules present. The following reactions occur more than the latter.
CH3(CH2)3OH + H2SO4    CH3(CH2)3O+H2 + H1SO4-
            CH3(CH2)3O+H2 + Br-  CH3(CH2)3Br + H2O

As a result having more Br ions will increase the yield of 1-bromobutante in the reaction.













  
2) Diethyl ether would be formed through the following reaction processes:
       	CH3CH2OH + H2SO4    CH3CH2O+H2 + HSO4-
       	CH3CH2O+H2 + CH3CH2OH  CH3CH2O+HCH3CH2 + H2O
               CH3CH2O+HCH3CH2 + HSO4-  CH3CH2OCH3CH2 + H2SO4









3) One way to modify the experiment so as to decrease the yield of the by product above is to add more Br ions into the mixture. This can simply be done by adding more solid KBr to the mixture in the initial stages of the lab. The more Br ions there the more they will compete with the unprotanated ethanol molecules and as a result the more 1-bromoethane will be produced and thus result in a lower yield of diethyl ether. In addition, if the concentration of sulfuric acid were to be increased it could decrease the yield of the by product by means of increasing the yield of 1-bromoethane. The acid will protonate more ethanol molecule leaving less unprotanated molecules to react with the ethanol molecules  and produce the above byproduct. Last but not least, by using a diprotic acid that is stronger than the sulfuric acid more ethanol molecules will be protanated and less unprotonated ethanol molecules will be available to react with the protonated ethanol to form the diethyl ether from question 2. 










4) The purpose of washing our reaction with sulfuric acid is to allow us to separate our desired organic product from the undesired products. After the distillation is conducted there might still be some dibutyl ether remaining in our distillate. Thus if we add sulfuric acid to the distillate the acid will be able to protonate any dibutyl ether in the mixture and convert it to a water soluble gas by the following reaction: 

   CH3(CH2)3O(CH2)3CH3 + H2SO4  CH3(CH2)3O+H(CH2)3CH2 + HSO4-  

Thus due to its newly formed polarity the dibutyl ether can dissolved in water. This separates the mixture into an organic, insoluble 1-bromobutane layer, and an aqueous layer consisting of the protonated dibutyl ether, sulfuric acid and water. 











5) The purpose of washing the organic layer with NaOH is to neutralize any remaining acid that might have leaked in after the first initial separation. The strong NaOH base reacts with the strong sulfuric acid to form a neutralization reactions producing a water soluble salt and water by the following reaction:
H2SO4 (aq) + NaOH(aq) → H2O (aq) + Na2SO4(aq)
Sulfuraic acid in the organic layer will break apart into  Na2SO4 which can be split into its ions and readily dissolves in water leaving no acid and just salts. This mixture can then be placed in a separatory funnel where the organic layer can then be more accurately separated.









 
6) When 3-methyl-1, 5-pentanediol is warmed with polyphosphoric, a cyclic compound is formed . This is formed by a chemical reaction involving three steps. The reactions are: 

 HO(CH2)2CH3CH(CH2)2OH + H3PO4  HO(CH2)2CH3CH(CH2)2OH2+ + H2PO4-
HO(CH2)2CH3CH(CH2)2OH2+  O(CH2)2CH3CH(CH2)2H+
O(CH2)2CH3CH(CH2)2H+ + H2PO4-   (CH2)2CH3CH(CH2)2O + H3PO4

As can be seen in the reaction above the polyphosphoric acid first protonates the 3 – methyl  -1,5-pentanediol improves the leading group by creating water. The hydroxyl on the other end is a good nucleophiles thus it attacks the H2O leading group forming a protonated molecule. In the final step the H2PO4- unprotonates the molecule producing a cyclic C6H12O molecule. 









7) It is important for the top of the reflux condenser to remain open to allow the HBr gas to escape. If the gas could not escape, the pressure will continue to increases to potentially dangerous levels. 
8) The Na2SO4  was added in order to absorb any water in the solution. The organic product required needed to have no impurities and must have no water, thus the anhydrous salt acts as a drying agent and absorbs all the water. The anhydrous salt can then be filtered and we can obtain a pure organic 1-bromobutane.


































Conclusion:

The SN2 reaction carried out to result in the formation of 1-bromobutanol from 1-butanol resulted in a yield of 64.6%.
