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Properties of alkanols.

Aim

Study some physical properties and chemical reactions of several alkanols. Compare the similarities and differences. Learn to write a full report.

Introduction
Alkanol is the compound that the its hydroxyl group is the main functional group attached to a sp3 C atom besides phenol. For ordinary alkanols, they can be classified into primary, secondary, and tertiary alkanols. In a primary alkanol, there is only 1 R group or a hydrogen atom attached to the C containing OH. Similarly, the secondary and tertiary alkanos imply there are 2 R groups and 3 R groups attached to the atom C containing OH group respectively.
The presence of -OH do affect on physical properties of the alkanols. Due to presence of hydrogen bonds, the alkanols are quite soluble in water and has higher melting and pointing point than the hydrocarbon of similar molecular sizes or similar number of C atoms. Also for lower members of ROH, they are miscible with water to give a neutral solution.

Due to these unique natures, alkanol has common chemical reactions. Those are such as halide formation, oxidation, esterification and haloform reaction which would be analyzed in this experiment.  
Requirements

Several primary, secondary, tertiary alkanols.

Lucas reagent( zinc chloride in 12 M hydrochloric acid).

Iodine solution (saturated iodide in potassium iodide solution).

Potassium dichromate(VI) solution(0.1M).
Dilute sulphuric acid(1 or 2M).

Dilute sodium hydroxide solution (1 or 2M). 

pH papers.

Large beakers.
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Procedure
Solubility in water; pH of solution; 
1. 1 cm3 of water was added into a test tube.
2. Several drops of an alkanol were added into the test tube by using a dropper.
3. It was observed that if any layers were presented.

4. Several drops of the solution were added onto the pH paper.

5. It was observed that the pH color and the approximate pH value was estimated.

For each alkanol, step (1) to step (4) were repeated. 
Oxidation
1.1 cm3 of dilute sulphuric acid was transferred to a test tube by a dropper.

2. Several drops of potassium dichromate(VI) solution were transeferred by a dropper to the test tube.
3. Several drops of an alkanol were transferred through a dropper to the test tube.

4. The test tube then was shaked gently and was put into hot water bath.
5. After some time, it was observed if there was any visible changes.

For each alkanol, step (1) to step (5) were repeated. 
Lucas Test

1.1 cm3 of Lucas reagent was added into a test tube.

2. Several drops of an alkanol were added into test tube.

3. After 10 minutes , it was observed if there was any visible change.

* For those solutions having no visible change, it was warmed verm gently.

4. It was observed if there was any visible change.
For each alkanol, step (1) to step (4) were repeated.

*** Dry test tubes were used.
Iodoform test (Triiodomethane reaction)
1. 1 cm3 of iodine solution was added into a test tube.

2. Several drops of an alkanol was added to the test tube.

3. Dilute sodium hydroxide solution was added into the mixture drops by drops.

4. A very pale yellow solution(almost colorless) was presented.

5. If there were no visible changes, the solution was warmed very gently.

6. It was observed that if there is any visible changes.

7. For each alkanol, step (1) to (6) were repeated.
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Caution:

(1) Lucas reagent contains concentrated hydrochloric acid. Hydrochloric acid is very corrosive and its vapour is irritating. It is avoided the contacting the liquid and inhaling too much the vapor. The reagent bottles should be stoppered as fast as possible.

(2) All alkanols are harmful and highly inflammable. It is avoided these liquids and inhaling their vapors. The reagent bottles should be stoppered as fast as possible.

The reagent bottles of alkanols are kept away from the fire.   
(3) Safety spectales have to be worn during the experiment.
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Results
Results
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Conclusion and discussion
1(a) From the experiment, the lower member of alkanols are soluble in water while higher is only slightly soluble and insoluble in water. Molecules of alkanol can displace molecules of water in the hydrogen-bonded association of water molecules.
   Alkanols of higher molecular mass form fewer hydrogen bonds than numerous water molecules they displace. Energy considerations can therefore make the higher members of alkanols less soluble than the lower ones.

   Also, from the experiment, the solubilities of alkanols in water have this trend:

    Solubility in water: tertiary alkanols < secondary alkanols < primary alkanols.

   It is because as the number of alkyl groups increases, the steric hindrance between water molecule and the alkanol increases so that the strength of hydrogen bond decreases and solubility decreases as a result.    

 (b)From the experiment, the acidity of alkanols in water has this trend:
    tertiary alkanols >secondary alkanols > primary alkanols.

    It is because: the relative stability of the HA and the anion A-
For the equilibrium: HA + H2O            H3O+ +A-
    Since the anion A- is negative charged, it is more affected by electronic effects.

    If A- is more stabilized by electronic factors, then the equilibrium is favored to the right and the HA is more acidic. Thus as tertiary has 3 alkyl groups donating the electron, so A- is more stable and is the most acidic. This can also explain the trend as mentioned above.
2(a) From the experiment, the primary alkanols turns the orange color than dark green is the fastest. The secondary ones do the same but at a slower rate. The tertiary one cannot undergo oxidation.

    For mild oxidation of primary alkanol, it is partially oxidized to an aldehyde( a strong reducing agent) by the dropwise addition of acidified potassium dichromate(VI) solution to an excess of primary alkanol while simultaneously distilling off the volatile aldehyde.

     The chemical equation is 

   For oxidation of secondary alkanol, secondary alkanols are oxidized to ketone by both mild and strong oxidizing agents.
   The chemical equation for this reaction is:
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2(b) By the oxidation of reaction, the alkanol can be identified by using acidified potassium dichromate(VI) solution.
   For a primary alkanol, it will turns the orange to dark green at a faster rate.

   For a secondary alkanol, it will turns the orange to dark green at a slower rate.

   For a tertiary alkanol, it will not turn the orange to dark green color.  

3(a) From the experiment, it shows that only tertiary and secondary alkanols turns the solution cloudly.
   For the reaction, the mechanism required is R-OH + H+ ( R-OH2 + (step1)

                                   R-OH2+ ( R+ + H2O  (step 2)

                                R+ + Cl- (R-Cl 

For overall equation it is:

                       ZnCl2
 R-OH + H+ + Cl-     (               H2O + RCl

              Conc. HCl

As the mechanism involved is SN 1, so the rate of this reaction is:

  tertiary alkanols >secondary alkanols >> primary alkanols

Also, as the RCL9l) is immiscible with water, addition of Lucas reagent to an aqueous solution of secondary and tertiary ROH leads to formation of RCL(l)   which is immisicible with water and turns to cloudy.

(b)By the Lucas test, structural feature of an alkanol is identified,
  For tertiary alkanol, it turns cloudy immediately.

  For secondary alkanol, it turns cloudy within about 5 minutes

  For primary alkanol, there is no observable change but only dissolves in water. 

4 (a)In this test, only primary and secondary alkanols have yellow precipitate formed.

The mechanism required is:

The overall reaction is
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(b)By the iodoform test, structural feature of an alkanol is identified
  For tertiary alkanol, there is no observable change.

  For secondary alkanol, it turns cloudy at a slower rate

   For primary alkanol, there turns cloudy immediately.
                                                       By Kong Siu Wai
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