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DATA
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Table 1- Physical properties of chemical substances used

Name
Formula
MP((C)
BP((C)
Solubility in Water at 20(C

Water
H2O
0
100
N/A

T-Pentyl Alcohol
C5H12O
-12
102
N/A

Hydrochloric Acid
HCl
-114.24
-85.06
62 g/100 mL

Sodium Bicarbonate
CHNaO3
270
851
10 g/100 mL

Anhydrous Sodium Sulfate
Na2SO4
884
N/A
N/A

1-Bromobutane
C4H9Br
-112
101
0.06g/100mL

Sodium Iodide
NaI
661
1300
N/A

Acetone
C3H6O
-94.3
56.2
Miscible

Sodium Bisulfite
HNaSO3
N/A
N/A
Soluble

t-Pentyl Chloride
C5H11Cl
-74
83
N/A

n-Butyl Iodine
C4H9I
-103
130
N/A

Table 2: Quantitative properties of substances used

Name
MW(g/mol)
Density(g/ml)
Amount 
Moles

Water
18.02
0.995
4.0mL
0.22

T-Pentyl Alcohol
88.149
0.805
1.1mL
0.10

Hydrochloric Acid
36.46
0.909
2.5mL
N/A

Sodium Bicarbonate
84.007
2.159
1.0mL
N/A

Anhydrous Sodium Sulfate
142.037
2.68
0.3g
0.002

1-Bromobutane
137.019
1.276
0.270mL
2.51E-3

Sodium Iodide
149.89
3.667
0.750g
5.00E-3

Acetone
58.08
0.7857
4.0mL
0.54

Sodium Bisulfite
104.06
1.48
1.0mL
N/A

t-Pentyl Chloride
106.60
0.865



n-Butyl Iodide
184.02
1.615



Molar Calculation Examples:

By Weight:

Moles Sodium Iodide = g Sodium Iodide/MW Sodium Iodide 

Moles Sodium Iodide = 0.750/149.89 = 5.00E-3

By Volume:

Moles Acetone = mL Acetone X Density Acetone / MW Acetone

Moles Acetone = 4.0 X 0.7857 / 58.08 = 0.54 

RESULTS
SN1:

Mass of Product: 0.2072g

VPC % of components in product: 

9.11% 2-Methyl Butene, 31.6% t-Pentyl Chloride, 56.2% t-Pentyl Alcohol

Mass of t-Pentyl Chloride in product: 0.0780 g

Theoretical Yield of t-Pentyl Chloride: 1.07 g

% Yield of t-Pentyl Chloride: 7.3%

SN2:

Mass of Product: 0.0798g

VPC % of components in product: 

97% Acetone, 2.1% n-Butyl Iodide

Mass of n-Butyl Iodide in product: 0.0067 g

Theoretical Yield of n-Butyl Iodide: 0.463g

% Yield of n-Butyl Iodide: 17.23%
CALCULATIONS

Mass of t-Pentyl Chloride:

Mass of product = (Moles 2-Methyl Butene X MW 2-Methyl Butene) 

                            + (Moles t-Pentyl Chloride X MW t-Pentyl Chloride)

                            + (Moles t-Pentyl Alcohol X MW t-Pentyl Alcohol) 

Mass Product = x (70.134+3.47X106.6 + 6.16X88.149)

x = 2.11E-4

g t-Pentyl Chloride = x (3.47)(106.6) = 0.0780 g t-Pentyl Chloride

Theoretical Yield t-Pentyl Chloride:

Moles t-Pentyl Chloride = Moles t-Pentanol

g t-Pentyl Chloride = g. t-Pentanol X MW t-Pentyl Chloride / MW t-Pentanol 

                               = 0.8855 X 106.6 / 88.149 = 1.07g t-Pentyl Chloride

% Yield t-Pentyl Chloride = actual yield/theoretical yield X 100 = 0.0780/1.07 X 100 = 7.3%

Mass of n-Butyl Iodide:

Mass of product = (Moles Acetone X MW acetone) 

                            + (Moles n-Butyl Bromide X MW n-Butyl Bromide)

Mass Product = x (184.02 + 2009.57)

x = 3.64E-5

g n-Butyl Iodide = x (3.64E-5)(184.0196) = 0.0067g n-Butyl Iodide

Theoretical Yield n-Butyl Iodide:

Moles n-Butyl Iodide = Moles n-Butyl Bromide

g n-Butyl Iodide = g. n-Butyl Bromide X MW n-Butyl Iodide / MW n-Butyl Bromide 

                          = 0.345 X 184.02 / 137.02 = 0.463g

% Yield n-Butyl Iodide = actual yield/theoretical yield X 100 = 0.0067/0.463 X100 = 1.45%

DISCUSSION
(Refer to Lab text)

Substitution reactions are a type of reaction whereby a nucleophile latches on to a substrate and a leaving group is jettisoned.  For this lab session, both unimolecular and bimolecular substitutions were carried out and analysed.  

SN1 reactions occur in a step-wise mechanism, the first being the formation of a carbocation and the second being the addition of the nucleophile.  The reaction being carried out in the first part of the lab occurs successfully as an SN1 because the carbocation formed is of the stable tertiary type.  For explanation of the reaction and its mechanism, please refer to figure 1.  The first step of the first part is to mix the acid and the alcohol together in a flask and swirl for a few minutes.  This gets the reactants ready and they start reacting.  Then the vial is capped off and shaken and then vented a few times.  It is important to vent because the second step in the reaction is exothermic and the water/acid/alcohol solution builds up a large vapor pressure when heated.  Once this is done, the vial is allowed to settle and the two layers (aqueous and organic) are left to separate.  The aqueous layer is disposed of and the organic layer is washed with water to remove any ions in it.  The layer is then washed with a bicarbonate solution to remove any acid possibly left and to give a sharp distinction between the two layers.  Finally, the layer is washed one more time with water to remove any traces of carbonate.  The organic product is then dried using anhydrous sodium sulfate to remove any water emulsified in the product.  This mixture is then microfiltered to remove the drying agent, its weight is taken and a VPC analysis is performed to find out the molar composition of the sample.  The VPC showed that the sample contained 2-Methyl Butene, t-Pentanol as well as the t-Pentyl Chloride.  The alcohol is found because not all of it reacted and the alkene is found because a competing E1 reaction is taking place (see fig.3).  The abysmal % yield is due to two factors: 1) only a fraction of the product was t-Pentyl Chloride and 2) A respectable amount of product remained in the drying agent after microfiltration.

An SN2 reaction only has one step; the nucleophile attaches itself on a carbon while the leaving group is removed (refer to fig.2 for this particular reaction).  The first step in the second part of the procedure is to reflux the reactants in a flask with a magnetic stir bar at a high temperature.  Acetone is used as the solvent to keep everything dissolved.  The stir bar keeps the reaction homogeneous and the high temperature is needed because the reaction has a high energy of activation.  After the apparatus has cooled, water is added along with ether to remove any ions in the organic medium as well as to make the separation between the two phases more distinct. The organic phase is isolated and washed with a bisulfite solution to remove any coloration due to liberated iodine.  After this step is complete, the organic medium is dried using anhydrous magnesium sulfate and vacuum filtered to get rid of the drying agent.  The final step is to evaporate the ether using a low stream of air; this leaves behind the product which is then analysed via VPC.  The sample was found to contain mostly acetone and some product, n-Butyl Iodide.  The small yield is understandable since most of the sample was acetone.  Most of the product was probably lost during handling and some hold-up in the drying agent.  It is hard to explain this since according to one TA, the VPC results were inconclusive.

Two substitution reactions were carried out, one SN1 and one SN2, both with very small yields which are due to various reasons.  One common factor was over-use of drying agent.  At least, some of the wanted product was found in both cases.

REACTIONS
Fig.1: SN1 – t-Pentyl Chloride from t-Pentyl Alcohol

Fig.2: SN2 – n-Butyl Iodide from n-Butyl Bromide

Fig.3 – E1- 2-Methyl Butene from t-Pentyl Alcohol

