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For inorganic reactions oxidation is defined as a process involving loss of electrons, as in the 
conversion of Fe+2 to Fe+3. Oxidation of organic compounds also normally involves electron 
transfer, but because the valence of carbon usually remains at four, it is more useful to define 
oxidation as either (a) loss of Hydrogen atoms or (b) addition of Oxygen or other electronegative 
atoms to carbon. Thus, all of the following reactions are classified as oxidations: 
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The oxidation of alcohols provides one of the most general methods for the preparation of 
carbonyl compounds; oxidation of primary alcohols affords aldehydes (or carboxylic acids if 
oxidation is continued), while oxidation of secondary alcohols affords ketones. Tertiary alcohols 
cannot be oxidized without breaking carbon-carbon bonds. 
 
The most common oxidizing agents for the conversion of alcohols to aldehydes and ketones are 
chromium trioxide (CrO3) and chromate ions (CrO4

-2 and Cr2O7
-2 ), as well as a series of modified 

forms of CrO3 such as Collins reagent, in which CrO3 is complexed with pyridine. (Collins reagent is 
used in nonaqueous media, and is especially useful for oxidizing primary alcohols to aldehydes 
without further oxidation to the carboxylic acid.) Potassium permanganate (KMnO4) can also be 
used to oxidize alcohols and even some alkanes. 
 
An alternative oxidizing agent for the preparation of ketones, sodium hypochlorite (NaOCl) in 
acetic acid, was introduced by Stevens, Chapman and Weller (J. Org. Chem, 1980, 45, 2030). 
This reagent offers several advantages:  1) It is cheap – sodium hypochlorite is the reagent in 
Clorox® and swimming pool chlorine; 2) it oxidizes secondary alcohols rapidly and in high 
yield, and 3) it avoids the problem of having to dispose of the toxic metallic wastes associated 
with chromium and manganese reagents. 
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The example chosen here to illustrate the oxidation of alcohols is the sodium hypochlorite 
oxidation of methylcyclohexanols. The identity of your ketone product will be determined by 
GC-FID and NMR analysis. 
 
A. Procedure: 
 
Dissolve 5 g of your methylcyclohexanol in 15 mL of glacial acetic acid in a 125 or 250 mL 
round bottom flask. Add 50 mL of Clorox (which contains about 5% of NaOCl) slowly over 10 
minutes. Have an ice bath handy so that you can cool the flask to keep the internal temperature in 
the range of 40 to 50 ºC. After addition is complete, cover the flask with tinfoil and allow the 
mixture to stand at room temperature for 30 minutes with frequent swirling. 
 
Add a drop of the reaction mixture to a piece of starch-iodide paper. Any unreacted hyprochlorite 
will cause paper to turn blue. Add saturated NaHSO3 (sodium hydrosulfite) solution carefully 
until the starch-iodide test is negative.  
 
Add a 2 or 3 boiling chips to the round bottom and distill off about half of your aqueous reaction 
mixture.  
 
Extract the distillate with 3 time 20 mL of dichloromethane. Combine the organic (CH2Cl2) 
layers and dry them with anhydrous Magnesium (or Sodium) Sulfate. Filter (gravity filtration) 
off the solid drying agent and collect the CH2Cl2 in a pre-weighed beaker. Boil off the CH2Cl2 in 
a hot water bath in the hood. Use a boiling stick to facilitate evaporation. Your ketone is quite 
volatile, so be careful not to overheat the beaker or some of the product will be lost. Obtain the 
final mass of the product. 
 
B. Qualitative tests: 

1.) Schiff’s Reagent 
Perform a side-by-side comparison of your product with methylcyclohexanone references. 
Place a drop of your liquid in a small test tube. Add 10 drops of 95% ethanol. Add 1 mL of Schiff’s 
reagent (measure with a plastic dropper). Shake the mixture.  

 
 
The formation of a dark violet color indicates a positive test. Most aldehydes and ketones will 
give a violet color immediately. However, some compounds will require up to 15 minutes, or 
even gentle heating, to give a color change. Aldehydes, unhindered cyclic ketones such as 
cyclohexanone, and unhindered methyl ketones tend to give more dramatic results than relatively 
more hindered carbonyls. 
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One could collect, dry and determine the melting point of the precipitate in order to identify the 
unknown. (Not required for this lab.) 
 

2.) 2,4-dinitrophenylhydrazine reagent 
Perform a side-by-side comparison of your product with methylcyclohexanone references. 
Place a drop of your liquid in a small test tube. Add 10 drops of 95% ethanol. Add 1 mL of the 2,4-
dinitrophenylhydrazine reagent (measure with a plastic dropper). Shake the mixture.  
 

 
The formation of a precipitate indicates a positive test. Most aldehydes and ketones will give a 
yellow to red precipitate immediately. However, some compounds will require gentle heating, to 
give a precipitate. Aldehydes, unhindered cyclic ketones such as cyclohexanone, and unhindered 
methyl ketones tend to give more dramatic results than relatively more hindered carbonyls. 
 
C. In lab analysis: 
 
1. Obtain the IR spectrum of the product.  
 
D. Clean up. 
 
1. Dispose materials in the proper containers in the waste hood. 

 
E. Submission for GC-MS and NMR analysis. 
 
2. Hand in a sample of your product in a properly labeled vial: Your name, date, and unknown 

alcohol number. 
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Checklist  for completing the "Prelab" section:  
(refer to Laboratory Syllabus for complete directions) 

____ Title.  
____ Purpose. 
____Physical constants. Obtain a table of physical constants and safety data for the chemical 
compounds referred to in the procedure: http://domin.dom.edu/faculty/jbfriesen/chem254lab.htm 
 
Structures and equations. 
____ Write (using chemical structures) the balanced equation for this reaction using 2-
methylcyclohexanol as the alcohol.  

Hint: water is a product. 
 
___ Flowchart. Refer to "Procedure" 
 
___ Calculations.  

1)   Determine the number of moles of methylcyclohexanol used. 
2) Determine the number of moles of NaOCl used. Use 5.25g/100 mL NaOCl in Clorox. 
3) Calculate the theoretical yield (in grams) of methylcyclohexanone. 
4) Calculate the atom economy of the reaction.  

 
____ Safety Question: Look up the MSDS for Clorox <http://www.biosci.ohio-
state.edu/safety/MSDS/CLOROX%20LIQUID%20BLEACH.htm> What Emergency/First Aid Procedures 
are advised if the product is splashed into one’s eyes? 
 
Experimental Observations and Data: 
 
Hand in a copy of your experimental observations and data before you leave lab. 
Experimental Observations.  
Refer to last semester and laboratory syllabus.  
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Lab Report Checklist:  
Results.  
 
____ % yield of  product  product mass x 100/theoretical yield 
 
____ Interpret the IR spectrum of your ketone (obtained in lab or on the CHEM254lab website.) 
 
____ Interpret the GC-FID chromatogram of your reaction mixture (GC-FID of standards may 

be obtained on the CHEM254lab website.) 
 
____ Interpret the 1H NMR spectrum for your ketone (CHEM254lab website). 
 
____ Do the 13C NMR assignments for your ketone (CHEM254lab website). 
 
____ What is the value of the different analyses (Qual tests, IR, GC-FID, 1H NMR, & 13C NMR) 

in determining the structure of your product? What additional analyses could be (should 
be) done to confirm the structure of the ketone product? 

 
Discussion and Conclusion.  
 
____ Why would the starch-iodide paper turn blue in the presence of unreacted sodium 

hypochlorite? Write a chemical equation as part of your answer. 
 
____ Why was Sodium Bisulfite added to the reaction mixture? Write a chemical equation as 

part of your answer. 
 
Adapted from “Experiments in Organic Chemistry by Richard K. Hill & John Barbaro, 2nd 
edition, Contemporary Publishing Company of Raleigh, Inc. (2000) 0-89892-218-6 
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