Identifications Between and Within Organic Families

FOHS Experiment Week 4 

Background:

There are a tremendous number of organic compounds.  The classification of organic compounds into families, and then in some cases into groups within a family is the method scientists developed for simplifying the examination of organic chemistry.  Each family of compounds shares a variety of similar physical and chemical characteristics.  

In this experiment you will be performing chemical reactions to distinguish between: alkanes, alkenes, and aromatics; primary alcohols, secondary alcohols, tertiary alcohols, and phenols; and also between ketones, aldehydes, and alcohols.

Many of the reactions you will observe are oxidation reactions.  Oxidation reactions occur paired with reduction reactions such that one species loses electrons and one species gains electrons (OIL RIG, Oxidation Is Loss and Reduction Is Gain).  For organic reactions it is often easiest to recognize redox reactions by examining oxygen and hydrogen loss and gain: Oxidation is the gain of oxygen or loss of hydrogen and reduction is the loss of oxygen or gain of hydrogen.

The reaction in EQ 1 shows the reduction of the 2-butene to butane.  This reaction only takes place with the presence of a catalyst and using standard notation, that catalyst is written above the reaction yield arrow.  Common catalysts for alkene reductions include Pd, Pt, and Ni.


EQ 1:    CH3CH=CHCH3  +  H2  

       CH3CH2CH2CH3


Chemically changing from one organic family to another occurs through a variety of reactions and the “Flowchart of Organic Reactions” on the last page of this handout illustrates some of this movement.  Common oxidizing agents are K2Cr2O7 and KMnO4.  A common reducing agent is NaBH4.

Prelab Assignment:







     ________checked

1. Draw and label structural formulas for hexane, cyclohexene, toluene, phenol, 1 butanol, 2 butanol, and 2-methyl-2-propanol.

2. Draw and label generic structural formulas for a primary alcohol, secondary alcohol, tertiary alcohol, aldehyde, and ketone.

3. Primary alcohols can be oxidized to form aldehydes and secondary alcohols can be oxidized to form ketones.  Write chemical equations to show these two reactions.

Equipment & Chemicals:

Hexane (alkane)

Cyclohexene (alkene)


Toluene (aromatic)

1% Br2 in cyclohexane
1%  aq KMnO4


Phenol

1 butanol 


2 butanol



2-methyl-2-propanol

some aldehyde


some ketone



Lucas Reagent

chromic acid reagent

Iron(III) chloride solution

acetone

Tollens’ Reagent (A & B)
bis(2-ethoxyethyl) ether

2,4-dinitrophenylhydrazine reagent

Unknowns A, B, C (could be alkanes, alkenes, or aromatics)


Unknowns D, E, F (could be 1(, 2(, or 3( alcohols or a phenol)

Unknowns G, H, J (could be aldehyde or ketone)

Experimental Plan:

Distinguishing between alkanes, alkenes, and aromatics…There are three reactions you will perform and compare for an alkane, an alkene, and an aromatic: combustion, reaction with Br2, and reaction with KMnO4.  In addition to the knowns you will also test and unknown and classify it as alkane, alkene, or aromatic.

1. Combustion: Place five drops of the hydrocarbon being tested on a watchglass in the hood.  Carefully ignite the sample in the manor demonstrated by an instructor.  Observe the flame and color of the smoke for each sample.  Record your observations in Table One.


2. Bromine: Use labeling tape to label four clean test tubes with the names of your three knowns and your unknown letter.  Place five drops of the appropriate hydrocarbon into each test tube. Carefully add the Br2 solution, one drop at a time with agitation.  Keep track of the number of drops needed to see a color change.  Once ten drops is reached, identify the substance and nonreactive.  Record your observations in Table One.


3. KMnO4: Label four clean test tubes with the names of your hydrocarbons and the letter of your unknown.  Place five drops of the appropriate hydrocarbon into each test tube.  Carefully add the KMnO4 solution, one drop at a time with agitation.  Keep track of the number of drops needed to see a color change.  Once ten drops is reached, identify the substance and nonreactive.  Record your observations in Table One.

TABLE ONE: ALKANES, ALKENES, AND AROMATICS

	
	Combustion Reaction
	Reaction with Br2
	Reaction with KMnO4

	Alkane


	
	
	

	Alkene


	
	
	

	Aromatic


	
	
	

	
unknown


	
	
	


Distinguishing alcohols and phenols…There are three reactions you will perform and compare for primary alcohols, secondary alcohols, tertiary alcohols, and phenols: the Lucas test, the Chromic acid test, and the Iron(III) chloride test. In addition to the knowns you will also test and unknown and classify it as a primary alcohol, secondary alcohol, tertiary alcohol, or phenol.

4. Lucas test: Label five clean test tubes with the names of your three alcohols, one phenol, and one unknown.  Place five drops of the appropriate organic into each test tube.  Add 1 mL of Lucas reagent.  Cork the tubes and agitate the sealed tubes by tapping you’re your finger. (This step will be demonstrated by an instructor.)  Remove the corks and allow the tubes to stand for five minutes.  Continue keeping time and monitor the tubes for cloudiness at the initial five minute mark and at the ten minute mark.  If after ten minutes the tube appears to still be nonreactive, warm the tube(s) in a 60(C water bath for fifteen minutes.  If after fifteen minutes of heating and the tube is contents of the tube are still transparent, identify the tube as nonreactive.  Record your observations in Table Two.

5. Chromic acid test:  Label five clean test tubes with the names of your three alcohols, one phenol, and one unknown.  Place five drops of the appropriate organic into each test tube.  Add ten drops of acetone and two drops of chromic acid to each test tube.  Place the test tubes in a 60(C water bath for five minutes.  Record your observations in Table Two.

6. Iron(III) chloride test:  Label five clean test tubes with the names of your three alcohols, one phenol, and one unknown.  Place five drops of the appropriate organic into each test tube.   Add two drops of iron(III) chloride solution to each test tube and record your observations in Table Two.

TABLE TWO: ALCOHOLS AND PHENOLS

	
	Lucas test
	Chromic acid test
	Iron(III) chloride test

	Primary
Alcohol


	
	
	

	Secondary 
Alcohol 


	
	
	

	Tertiary
Alcohol


	
	
	

	Phenol


	
	
	

	
unknown


	
	
	


Distinguishing aldehydes and ketones: There are three reactions you will perform and compare for aldehydes and ketones: the Chromic acid test, the Tollens’ test, and the 2,4-dinitrophenylhydrazine test. In addition to the knowns you will also test an unknown and classify it as aldehyde or ketone.

7. Chromic acid test:  Label three clean test tubes with the names of your aldehyde, ketone, and unknown.  Place five drops of the appropriate organic into each test tube.  Add twenty drops of acetone to each test tube.  Add a total of four drops of chromic acid to each tube, one drop at a time with agitation.  Let stand for ten minutes and record your observations in Table Three.

8. Tollens’ test: The Tollens’ reagent must be prepared fresh and any excess should be discarded IMMEDIATELY after use, in the appropriate organic collection container.  The procedure to make Tollens’ reagent will be presented by an instructor.  Label three clean test tubes with the names of your aldehyde, ketone, and unknown.  Place five drops of the appropriate organic into each test tube.  To each sample, add bis(2-ethoxyethyl) ether dropwise until a homogeneous solution is obtained.  Next add two mL of the freshly prepared Tollens’ Reagent and agitate the tube.  Place the tubes in a 60(C water bath for five minutes.  Remove the tubes and look for a silver mirror (or if your test tube was not actually clean, look for a black precipitate of finely divided silver.) Record your observations in Table Three.

9. 2,4-dinitrophenylhydrazine test: Label four clean test tubes with the names of your aldehyde, ketone, alcohol, and unknown.  Place five drops of the appropriate organic into each test tube and add twenty drops of 2,4-dinitrophenylhydrazine reagent.  If no precipitate forms immediately, heat the tubes for five minutes in a 60(C water bath. Record your observations in Table Three.

TABLE THREE: ALDEHYDES AND KETONES


	
	Chromic acid test
	Tollens’ test
	2,4-dinitrophenylhydrazine 

	Aldehyde


	
	
	

	Ketone


	
	
	

	Alcohol


	
	
	

	
unknown


	
	
	


Questions and Data Analysis:

1. Identify the letter and classification (alkane, alkene, aromatic, or can not be determined) of your unknown from the alkane/alkene/aromatic portion of this experiment. Explain your reasoning.

2. Identify the letter and classification (primary alcohol, secondary alcohol, tertiary alcohol, phenol, or can not be determined) of your unknown from the alcohol section of this experiment. Explain your reasoning.

3. Identify the letter and classification (aldehyde, ketone, or can not be determined) of your unknown from the aldehyde/ketone portion of this experiment. Explain your reasoning.

4. Primary alcohols can be oxidized in a two step process to become carboxylic acids.  Write the chemical equations showing this transformation.

5. Why is it impossible for a secondary alcohol to be oxidized to become a carboxylic acid?
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Flowchart of Organic Reactions:  FOHS, winter 2008
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