
Qualitative Analysis of an Unknown Aldehyde or Ketone 
 

You will be given an unknown organic molecule, and your task is to determine its 
identity using a combination of spectroscopy and wet chemistry techniques.  No one else in the 
lab should have the same unknowns that you have!  Your unknown will be one of the aldehydes 
or ketones listed in the tables from ÒThe Systematic Identification of Organic CompoundsÓ by 
Shriner, Hermann, Morrill, Curtin, and Fuson.  This book is available in the organic chemistry 
laboratory for your use. 

 
NOTE:  you do not have to prepare a Physical Properties table for this lab because of the 

huge number of reagents that we will use; all other pre-lab preparations ARE still required.  For 
your reactions (and mechanisms), you should write them for "generic" aldehydes or ketones, 
using "R" as an alkyl group where appropriate. 

 
To determine the ID of your carbonyl unknown, you must do all of the following: 

¥ Make general observations about the unknown: color, solid or liquid state, odor, 
solubility, etc. 

¥ Obtain and interpret IR and NMR spectra (both 1H and 13C).  See the separate instructions 
for Mestre-C for information on how to work up your own NMR data.  

¥ Determine the bp (if liquid) OR mp (if solid).  To determine a bp, many students prefer to 
distill their material using a Hickman still head to simultaneously get the bp and to purify 
some of the material.  (See Figure 14.10 on page 215 of Pavia.)  For other options for 
determining a bp, see Chapter 13 (starting on p. 190) of Pavia.   

¥ Prepare two derivatives (a 2,4-dinitrophenylhydrazone and a semicarbazone) and 
determine their melting points. 

¥ Run four tests:  Tollens' test, Schiff's test, Iodoform test, and chromic acid test.  For each 
of these tests, you should run your unknown, as well as a known positive and a known 
negative substance to be able to clearly see what category your unknown should fit into.   

 
 
 You have two lab periods to do ALL of these things.  You may do them in any order that 
you like.  As a summary, you will compile all your data in a table and explain your approach and 
rationale for deciding on the structure of your unknown.  The lab grade will depend on 
performing all of the work above, your rationale, and the correct ID of this compound. 
 
 



1.  Preparation of 2,4-Dinitrophenylhydrazones 

R2C O + H2NNHAr
H3O

+

R2C NNHAr + H2O

Ar =

NO2

NO2

2,4-dinitrophenyl-
hydrazine

a 2,4-dinitrophenyl-
hydrazone

 
 

To 2 mL of a 0.1 M stock solution of 2,4-dinitrophenylhydrazine in phosphoric acid add 
about 20 mg of the compound to be tested.  (Note: two milliliters of the 0.1 M solution contains 
0.2 mmol (0.0002 mol) of the reagent.  You obviously have no idea what the molecular mass of 
your unknown is, but, if the compound to be tested has a molecular weight of 100, then 20 mg is 
0.2 mmol.)  Warm the reaction mixture for a few minutes in a water bath, and then let 
crystallization proceed.  Collect the product by suction filtration, wash the crystals with a large 
amount of water to remove all phosphoric acid, press a piece of moist litmus paper onto to 
crystal, and if they are acidic, wash then with more water.  Press the product as dry as possible 
between sheets of filter paper, and recrystallize from boiling ethanol.  Occasionally, a high-
molecular-weight derivative will not dissolve in a reasonable quantity (3 mL) of ethanol.  In that 
case, cool the hot suspension and isolate the crystals by suction filtration.  The boiling ethanol 
treatment removes impurities so that an accurate melting point can be obtained on the isolated 
material. 
 An alternative procedure is applicable when the 2,4-dinitrophenylhydrazone is known to 
be sparingly soluble in ethanol.  Measure 0.2 mmol (40 mg) of crystalline 2,4-
dinitrophenylhydrazine into a 10-mL Erlenmeyer flask, add 6 mL of 95% ethanol, digest on the 
steam bath until all particles of solid are dissolved, and then add 0.2 mmol of the compound to be 
tested and continue warming.  If there is no immediate change, add, from a Pasteur pipette, 1 to 2 
drops of concentrated hydrochloric acid as catalyst, and note the result.  Warm for a few minutes, 
and then cool and collect the product.  This procedure would be used for an aldehyde like 
Cinnamaldehyde (C6H5CH=CHCHO). 
 The alternative procedure strikingly demonstrates the catalytic effect of hydrochloric 
acid, but it is not applicable to a substance such as diethyl ketone, whose 2,4-
dinitrophenylhydrazone is much too soluble to crystallize from the large volume of ethanol.  The 
first procedure is obviously the one to use for an unknown. 
 



Cleaning Up 
The filtrate from the preparation of the 2,4-dinitrophenylhydrazone should have very 

little 2,4-dinitrophenylhydrazine in it, so after dilution with water and neutralization with sodium 
carbonate it can be flushed down the drain.   
 
2.  Preparation of Semicarbazones 

Semicarbazide (mp 96oC) is not very stable in the free form and is used as the crystalline 
hydrochloride (mp 173oC).  Since this salt is insoluble in methanol or ethanol and does not react 
readily with typical carbonyl compounds in alcohol-water mixtures, a basic reagent, pyridine, is 
added to liberate free semicarbazide. 

 

R2C O +
H3O

+

H2N NHCNH2

O

R2C NNHC(O)NH2

semicarbazide a semicarbazone  
 
To 0.25 mL of the stock solution of semicarbazide hydrochloride, which contains 0.5 

mmol of the reagent, add ~0.5 mmol of the compound to be tested and enough methanol (0.5 
mL) to produce a clear solution; slight warming of this solution might help to dissolve the 
materials.  When the sample is dissolved, add 5 drops of pyridine (a twofold excess) and warm 
the solution gently in a hot water bath for a few minutes.  Cool the solution slowly to room 
temperature.  It may be necessary to scratch the inside of the test tube in order to induce 
crystallization.  Cool the tube in ice, collect the product by suction filtration, and wash it with 
water followed by a small amount of cold methanol.  Recrystallize the product from methanol, 
ethanol, or ethanol/water. 
 
Cleaning Up 

Combine the filtrate from the reaction and the mother liquor from the crystallization, 
dilute with water, make very slightly acidic with dilute hydrochloric acid, and flush the mixture 
down the drain. 
 
 
TollensÕ Test 

RCHO + 2Ag(NH3)2
+ + 2HO

-
2Ag(s) + RCO2

-
NH4

+ + H2O + 3NH3  
 
Cleaning the test tubes.  Clean four or five reaction tubes by adding 5-10 mL of 3 M 

sodium hydroxide solution to each and heating them in a water bath while preparing the TollensÕ 
reagent.   



Preparing the TollensÕ Reagent.  To 1.0 mL of 0.03 M aqueous silver nitrate solution in a 
4-in test tube, add 0.5 mL of 3 M sodium hydroxide.  To the gray precipitate of silver oxide 
(Ag20) add 0.25 mL of 2.8 % ammonia solution (0.1 mL of concentrated ammonium hydroxide 
diluted to 1 mL).  Stopper the tube and shake it.  Repeat the addition of the 2.8% ammonia until 
almost all of the precipitate dissolves (at most 1.5 mL of the ammonium hydroxide solution); 
then dilute the solution to 5 mL. 

Carrying out the TollensÕ Test.  Empty the cleaned tubes of sodium hydroxide solution, 
rinse them with distilled water and add 0.5 mL of TollensÕ reagent to each.  Add one drop (no 
more) of the substance to be tested by allowing it to run down the inside of the inclined reaction 
tube.  Set the tubes aside for a few minutes without agitating the contents.  If no reaction occurs, 
warm the mixture briefly on a water bath.  As a known aldehyde, try one drop of a 0.1 M 
solution of glucose.  A more typical aldehyde to test is benzaldehyde. 

Destroying the TollensÕ Reagent.  At the end of the reaction promptly destroy excess 
TollensÕ reagent with a few drops of nitric acid (wear gloves).  The TollensÕ Reagent can form an 
explosive fulminate on standing, so do not delay destroying it once you are done with the tests!  
A drop of nitric acid also can be used to remove silver mirrors from the test tubes. 
 
Cleaning Up 

Since the clean up involves the use of nitric acid, it is advised that you wear gloves.  
Place all solutions used in this experiment in a beaker (including the unused ammonium 
hydroxide, sodium hydroxide solution used to clean out the tubes, TollensÕ reagent from all 
tubes).  Remove any silver mirrors from reaction tubes with a few drops of nitric acid, which is 
added to the beaker.  Make the mixture acidic with nitric acid to destroy un-reacted TollensÕ 
reagent, then neutralize the solution with sodium carbonate, and add some sodium chloride 
solution to precipitate silver chloride (about 40 mg).  The whole mixture can be flushed down the 
drain or the silver chloride collected by suction filtration and the filtrate flushed down the drain.  
The silver chloride would go in the non-hazardous solid waste container. 
 



SchiffÕs Test 

NH2 Cl

H2N NH2

CH3

p-rosaniline hydrochloride
(purple)

1) NaHSO3

2) HCl

NH2SO2H Cl

HO2SHN NHSO2H

CH3

SO3H

Schiff's reagent
(colorless)  

 
 
 

NHSO2CH(OH)R Cl

RCH(OH)O2SNH NHSO2CH(OR)R

CH3
Schiff's reagent + aldehyde

addition product
(purple)  

 
 

Add 1 drop of the unknown to 0.7 ml of SchiffÕs reagent.  A magenta color will appear 
within 10 min with aldehydes.  As in all these tests, compare the colors produced by a known 
aldehyde, a known ketone, and the unknown compound.  If you are even slightly careless, you 
will discover that your skin contains aldehydes.  Wear gloves. 
 
Cleaning Up 

Neutralize the solution with sodium carbonate and flush it down the drain.  The amount 
of p-rosaniline in this mixture is negligible (1 mg). 
 



Iodoform Test 

C

O

R

H

H

H

NaOH, I2

!-methyl aldehyde
or ketone

+ RCO2
-
Na+CHI3 (s)

iodoform
(bright yellow)

 
 

 The reagent contains iodine in potassium iodide solution at a concentration such that 0.5 
mL of solution, on reaction with excess methyl ketone, will yield 43 mg of iodoform.   If the 
substance to be tested is water soluble, dissolve 1 drop of a liquid or an estimated 15 mg of a 
solid in 0.5 mL of water in a reaction tube, add 0.5 mL of 3 M sodium hydroxide, and then 
slowly add 0.75 mL of the iodine solution.  In a positive test, the brown color of the reagent 
disappears and yellow iodoform separates.  If the substance to be tested is insoluble in water, 
dissolve it in 0.5 mL of 1,2-dimethoxyethane, proceed as above, and at the end dilute with 2.5 
mL of water. 
 Suggested test substances are hexane-2,5-dione (water soluble), butanal (water soluble), 
and acetophenone (water insoluble).  Iodoform can be recognized by its odor and yellow color 
and, more securely, from the melting point (119-123oC).  Although this is NOT required for this 
lab, the iodoform can be isolated by suction filtration of the test suspension or by adding 0.5 mL 
of dichloromethane, shaking the stoppered test tube to extract the iodoform into the small lower 
layer, withdrawing the clear part of this layer with a capillary dropping tube, and evaporating it 
in a small tube on the steam bath.  The crude solid is crystallized from methanol-water 
 
Cleaning Up 
 Combine all reaction mixtures in a beaker, add a few drops of acetone to destroy any un-
reacted iodine in potassium iodide reagent, remove the iodoform by suction filtration, and place 
it in the halogenated organic waste container.  The filtrate can be flushed down the drain after 
neutralization (if necessary). 
 



Chromic Test 

CrO3 + H2O
H2SO4

H2CrO4 (chromic acid, organge-red)

RCH2OH

H2CrO4
RCHO

H2CrO4 RCO2H + green solution or precipitate

1° alcohol

R2CHOH
H2CrO4

R2CO + green solution or precipitate

2° alcohol

Carboxylic acids, ketones and 3° alchols show no visible reaction.  
 
 
 Wear gloves when using chromic acid, it can cause burns and unsightly stains.  Wash 
with water if skin contact is made. 
 The chromic acid reagent should be prepared for you, however if it is not available, 
prepare it as follows.  Add 1 g of chromic anhydride (CrO3) to 1 mL of concentrated sulfuric acid 
and stir the mixture until a smooth paste is obtained.  Dilute the paste cautiously with 3 mL of 
distilled water, and stir this mixture until a clear orange solution is obtained. 
 Dissolve 1 drop of a liquid or about 10 mg of a solid alcohol or carbonyl compound in 1 
mL of reagent-grade acetone (from a glass bottle, not from a plastic squirt bottle!).  Add 1 drop 
of the acidic chromic anhydride reagent to the acetone solution, and shake the tube to mix the 
contents.  A positive reaction is indicated by the disappearance of the orange color of the reagent 
and the formation of a green or blue-green precipitate or emulsion. 
 Primary and secondary alcohols and aliphatic aldehydes give a positive test within 5 sec.  
Aromatic aldehydes require 30-45 sec.  Color changes occurring after about 1 min should not be 
interpreted as positive tests; other functional groups such as ethers and esters may slowly 
hydrolyze under the conditions of the test, releasing alcohols that in turn provide Òfalse-positiveÓ 
tests.  Tertiary alcohols and ketones produce no visible change in several minutes.  Phenols and 
aromatic amines give dark precipitates, as do aromatic aldehydes and benzylic alcohols having 
hydroxyl or amino groups on the aromatic ring. 
 
Cleaning Up 

Add sodium sulfite to the aqueous solution of chromium salts in order to destroy excess 
Cr6+.  Make the solution slightly basic, to form chromium hydroxide, and isolate this salt by 
vacuum filtration through a bed of filter-aid.  Place the filter paper and the filter cake in the 
container for heavy metals; flush the filtrate down the drain. 
 


