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Aims: 

The aims of this experiment are two-fold:

· To prepare 2-chloro-2-methylpropane

· To illustrate several practical techniques employed in organic chemistry

Chemicals and Apparatus:


2-methylpropan-2-ol, conc. HCl, saturated NaHCO3, anhydrous Na2SO4, anti-bumping granules

Safety spectacles, electronic balance, separating funnel of 50 cm3 with stopper, thermometer, spatula, Bunsen burner, measuring cylinder of 25 cm3, 50 cm3 pear-shaped flask, screw-cap adaptor, Liebig condenser, receiver adaptor
Methods:
Below is the chemical equation for the conversion of 2-methylpropan-2-ol to 2-chloro-2-methylpropane. The reaction takes place at room temperature because tertiary (30) alcohols undergo substitution.

        CH3                                                 CH3
           
CH3     C    CH3   +  HCl   (   CH3     C     CH3  +  H2O
           
        OH                                 Cl

2-methylpropan-2-ol                    2-chloro-2-methylpropane

It is a nucleophilic substitution (SN1). As the carbocation intermediate is tertiary, it is relatively more stable and undergoes SN1 reaction. It is a substitution reaction since the —OH is replaced by —Cl. It is nucleophilic, since it is initiated by a nucleophile, Cl-.
Procedures:

1. 9 cm3 of 2-methylpropan-2-ol was poured into a measuring cylinder. It was weighed by the electronic balance. The reading was recorded.

2. 2-methylpropan-2-ol was poured into a 50 cm3 separating funnel. The measuring cylinder was weighed again by the electronic balance. The mass of measuring cylinder was recorded. 

3. 20 cm3 of conc. HCl was added into the separating funnel about 3 cm3 at a time. After each addition, the stopper and the tap were securely in place and the funnel was inverted a few times, then with the funnel in the upright position, the stopper was loosened briefly to release the pressure built.

4. The separating funnel plus contents was left for about 20 minutes and was shaken gently at intervals.

5. Meanwhile, the apparatus of the simple distillation was set-up.
6. The mass of the small flask used as a receiver for the distillate was weighed by electronic balance and was recorded.

7. The layers in the separating funnel were allowed to separate; the lower aqueous layer was ran-off and discarded.

8. 2 cm3 NaHCO3 was added at a time in order to neutralize any excess hydrochloric acid. The funnel was shaken carefully after each addition and the pressure of CO2 was frequently released by loosening the stopper. The addition of NaHCO3 was stopped until no more CO2 produced.

9. The layers in the separating funnel were allowed to separate; the lower aqueous layer was ran-off and discarded.

10. The organic layer was transfer into a dry test-tube. 3 spatula-measures of anhydrous Na2SO4 was added to dry the organic liquid. The flask was corked and swirled occasionally for about 5 minutes.

11. The dried organic liquid was carefully decanted from the solid Na2SO4 into the pear-shaped flask for distillation.
12. A few anti-bumping granules was added to the pear-shaped flask.
13. The distillation was started. The fraction in the range 47-530C was collected into the pre-weighed conical flask.

14. The conical flask plus the contents was weighed again by the electronic balance and the mass of 2-chloro-2-methylporpane collected.

Observations:

1. When conc. HCl added, white fumes appeared and the solution turned milky.
2. After standing the separating funnel for 5 minutes, two layers with milky organic layer above the clear aqueous layer were observed.
3. Colorless bubbles were evolved upon the first and second addition of NaHCO3, no bubbles evolved upon further addition.
4. After the addition of anhydrous Na2SO4 as drying agent, the organic layer changed form milky to clear.

Results:

	Mass of measuring cylinder + 2-methylpropan-2-ol
	23.092 g

	Mass of measuring cylinder after emptying
	15.890 g

	Mass of 2-methylpropan-2-ol
	7.202 g

	Mass of collecting flask
	137.734 g

	Mass of collecting flask + 2-chloro-2-methylpropane
	143.604 g

	Mass of 2-chloro-2-methylpropane
	5.870 g


Calculations:
Yield if the reaction 100% completed

        CH3                                                 CH3
           

CH3     C    CH3   +  HCl   (   CH3     C     CH3  +  H2O
           

        OH                                 Cl

2-methylpropan-2-ol                    2-chloro-2-methylpropane
i.e. 
no. of moles of 2-chloro-2-methylprpane formed


=
no. of moles of 2-methylpropan-2-ol

	=
	Mass

	
	Molar mass


	=
	7.202

	
	12(4) + 10 + 16


    = 0.0973

No. of moles of 2-chloro-2-methylpropane formed

	=
	Mass

	
	Molar mass


	=
	5.870

	
	12(4) + 10 + 35.5


    = 0.0628

	Percentage yield =
	Acutual yield
	X 100%

	
	Yield if 100% completion
	


	=
	0.0628
	X 100%

	
	0.0973
	


                    = 64.5 %
Discussions:

1. Set-up and Precaution of the Simple Distillation

Since the set-up is a rigid assembly, special attention must be paid when clamping it at more than one point, to avoid strain and possible breakage.

2. Use of NaHCO3

Since HCl is a strong acid, it can be neutralized with the addition of NaHCO3.    HCl(aq) + NaHCO3(aq) ( NaCl(aq) + H2O(l) + CO2(g)

However, if a very strong alkali, e.g. NaOH, it may have side reaction with the alcohol, involving the breaking of O—H bond.
        CH3                                                 CH3
           

CH3     C    CH3   +  NaOH  (  CH3     C     CH3  +  H2O
           

        OH                                 O-Na+
3. Solvent Extraction

It is another important method of separation and preparation in organic chemistry. Ether is usually with separating funnel in solvent extraction. 


Reasons for choosing ether:
· It is only slightly soluble in water.

· It is chemically inert to many organic compounds.
· It has low boiling point ~400C
· It is neither a very polar of non-polar solvent, it dissolves most of the organic compounds.


Uses of separating funnel:

· For the extraction of organic compound from aqueous solution using a solvent immiscible with water

· To facilitate the separation or isolation of phase

· For controlled addition of a liquid reactant to a reaction
The efficiency of solvent extraction can be calculated by the 

Partition Law of three-component system of phase equilibrium provided that there is no
(i) Association: e.g. partition of carboxylic acid between water and 

CCl4




since carboxylic acid forms dimmer in organic solvent
(ii) Dissociation: e.g. HCl with CHCl3 and H2O
                since HCl ionizes in water to give H3O+ and Cl-
4. Alcohol: A Blessing or A Curse?
Longevity
Moderate drinkers tend to have better health and live longer than those who are either abstainers or heavy drinkers. In addition to having fewer heart attacks and strokes, moderate consumers of alcoholic beverages (beer, wine or distilled spirits or liquor) are generally less likely to suffer hypertension or high blood pressure, peripheral artery disease, Alzheimer's disease and the common cold. Sensible drinking also appears to be beneficial in reducing or preventing diabetes, rheumatoid arthritis, bone fractures and osteoporosis, kidney stones, digestive ailments, stress and depression, poor cognition and memory, Parkinson's disease, hepatitis A, pancreatic cancer, macular degeneration (a major cause of blindness), angina pectoris, duodenal ulcer, erectile sysfunction, hearing loss, gallstones, liver disease and poor physical condition in elderly.
Alcoholism

Alcoholism, also known as “alcohol dependence,” is an addiction and a disease that includes four symptoms: 

· Craving: A strong need, or compulsion, to drink. 

· Loss of control: The inability to limit one’s drinking on any given occasion. 

· Physical dependence: Withdrawal symptoms, such as nausea, sweating, shakiness, and anxiety, occur when alcohol use is stopped after a period of heavy drinking. 

· Tolerance: The need to drink greater amounts of alcohol in order to “get high.” 

People who are not alcoholic sometimes do not understand why an alcoholic can’t just “use a little willpower” to stop drinking. However, alcoholism has little to do with willpower. Alcoholics are in the grip of a powerful “craving,” or uncontrollable need, for alcohol that overrides their ability to stop drinking. This need can be as strong as the need for food or water.

Although some people are able to recover from alcoholism without help, the majority of alcoholics need assistance. With treatment and support, many individuals are able to stop drinking and rebuild their lives.
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