Identification of an Unknown Alcohol, Phenol, or Ether

Background Information: When you have a sample of an organic substance, learning its exact structure is important. Often you know something about the molecule - the reaction it came from, for example - so you have some idea about a likely structure, or at least the functional groups that it may have. Because each functional group has a characteristic set of reactions, those reactions can be used to determine what functional groups actually are in the molecule. In this experiment, you start with the knowledge that an unknown substance has one of three possible functional groups. You will systematically find out what reactions your unknown undergoes that are characteristic of these three functional groups. Then, once you know what exact functional group your unknown has, you will look in a table of possible structures to see which one is your unknown.

Characteristic Functional Group Reactions: To distinguish alcohols, phenols, and ethers from each other, you need to select a set of reactions that, when they are all run, will give different overall information about each. Further, because you may have a primary, a secondary, or a tertiary alcohol, you really have five functional groups to distinguish. As you review the reactions shown below for these five possibilities, you will see that they lead to a set of results that can be summarized in the table shown below. As you review that table, you see that each of the five has its own, distinctive, set of positive or negative results with the whole set of reactions.

	
	Primary

Alcohol
	Secondary

Alcohol
	Tertiary

Alcohol
	Phenol
	Ether

	aqueous NaOH
	 insoluble
	insoluble
	insoluble
	soluble
	insoluble

	Br2
	 negative
	negative
	negative
	positive
	negative

	CrO3
	 positive
	positive
	negative
	positive
	negative

	ZnCl2/HCI
	 negative
	slow reaction
	fast reaction
	negative
	negative


Analysis by TLC: When you believe you know what a substance is (you think you know the structure) and want to confirm your conclusion, you can see if the substance and an authentic sample have the same chromatographic properties. Of the various chromatographic methods, TLC is quick, simple and offers good evidence. Once you find a solvent (or mixture of solvents) [What this means is you will have to develop your own system: I would suggest starting with a 1:1 petroleum ether: hexane mixture and add more methylene chloride to increase the Rf of the material] that moves your sample to the middle third of the plate (Rf in the 0.35 - 0.65 range), you can spot both the authentic material and the sample whose structure you wish to confirm on the same TLC plate. If you observe identical Rf values, the two may have the same structure. If you observe different Rf values, then you know they have different structures.
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	Safety Notes!

Many organic alcohols, phenols, and ethers are toxic, and all are flammable. Acetone is highly flammable.

Use these chemicals only in well-ventilated space. Keep away from flames and other sources of ignition.

Sodium hydroxide is corrosive and can cause burns. Use great care to avoid contact with skin, eyes, and clothing. In case of accidental contact, flood the affected area with copious amounts of water. Spills should be diluted with water and cleaned up immediately.

Bromine is corrosive and causes serious burns. Use great care to avoid contact with skin, eyes, and clothing. In case of accidental contact, flood the affected area with copious amounts of water and seek medical attention. .

Chromium is highly toxic and the acid solution is extremely corrosive. Avoid ingestion. Handle only with gloves. Use great care to avoid contact with skin, eyes, and clothing. In case of accidental contact, flood the affected area with copious amounts of water. In case of ingestion, seek medical attention immediately.

The zinc chloride/hydrogen chloride solution is corrosive and causes burns. Use great care to avoid contact with skin, eyes, and clothing. In case of accidental contact, flood the affected area with copious amounts of water. Spills should be diluted with water and cleaned up immediately.

All materials must be discarded in the containers provided.


Procedure

For each of the following four tests, label 6 clean test tubes with numbers 1 - 6.

(1) n-hexyl alcohol (a primary alcohol)

(2) cyclohexanol (a secondary alcohol)

(3) tert-amyl alcohol (a tertiary alcohol)

(4) phenol (a phenol)

(5) anisole (an ether)

(6) your unknown

Solubility in aqueous NaOH Place 4 - 5 drops of each of the above compounds in separate test tubes. To each test tube, add 3 mL of 5% aqueous NaOH. Stopper each and shake well. Record whether the compound dissolved oil remained as an insoluble second layer (or emulsion).

Reaction with Br2   Place 4 - 5 drops of each of the above compounds in separate test tubes. To each, add 3 mL of a 1: 1 mixture of water:ethanol. Then add a saturated solution of bromine in water with gentle shaking. Record whether the bromine color disappears for the initial drops added.

These correspond to:

Reaction with chromic ion: (Jones reagent) Place 1 drop of each of the above compounds in separate test tubes. To each, add 1 mL of acetone. Then add 1 drop of the chromium test reagent. Shake gently to mix. Record whether the orange color disappears and a greenish precipitate forms.

Reaction with ZnCl2/HCl solution (Lucas reagent). Note: Place ca. 0.5 mL of each of the above compounds in separate test tubes. To each, add 3 mL of ZnCl2/HCl solution. Stopper each and shake to mix. Record whether the reaction mixture becomes cloudy quickly (within 1 minute), slowly (within 5 - 15 minutes), or not at all.

Obtain an authentic sample of the compound you believe is your unknown. Using the solvent system suggested by your T A, examine your unknown and this authentic sample by TLC to help confirm your conclusion.

Clean up

Discard all wastes in the appropriately labeled containers. No organic materials from this experiment go down the drain in the sink! After you have poured all you can into the waste containers, wash glassware containing only residual amounts (clinging to the sides of the glassware) in the sink.
Identification of an Unknown Alcohol, Phenol, or Ether

Your Name: ________________________Your Lab Partner s Name: ______________________

TA: _______________________________  Lab Section: ________________________________
Results

	
	n-hexyl

alcohol
	cyclohexanol
	tert-amyl

alcohol
	phenol
	anisole
	unknown

	aqueous NaOH
	
	
	
	
	
	

	Br2
	
	
	
	
	
	

	CrO3
	
	
	
	
	
	

	ZnCl2/HCl
	
	
	
	
	
	


TLC Rf of unknown:

TLC Rf of authentic sample:

	Name of unknown:


	Structure of unknown:




Questions

1) 
Describe a safety hazard associated with this lab and what you did to prevent it from being a problem.

2) What test would not work if your unknown was soluble in water?

_

3) If your unknown was allyl alcohol, three of these tests would give confusing results. Explain.


A)


B)


C)

4)
Acetone often contains isopropyl alcohol as an impurity. What test would this affect? What would the problem be?

5)
If your unknown and an authentic sample of known structure have the same TLC Rf values, can you be certain that they have the same structure? Why not?
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