Identification of an Aldehyde or a Ketone

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. In some cases, like this lab, you know something about the functional group that is present but need to learn the exact structure. In this case, you will have an (aldehyde or a ketone. You will need to determine which of those two functional groups is present and, once you know that, the exact structure of the molecule.
Solubility, in Water: Both aldehydes and ketones have a carbonyl group, which contributes some polarity to the overall molecule and permits hydrogen bonding with the hydrogens of water. For these two reasons, the smaller aldehydes and ketones are soluble in water. Therefore, by testing the water-solubility of an unknown aldehyde or ketone, you can learn whether you have a larger molecule, having too many carbons to be soluble in water, or a smaller molecule that is water-soluble owing to the presence of the carbonyl group. While no exact rule applies to all structures, aldehydes and ketones having five or fewer carbons generally have significant water solubility. Molecules having significantly more than five carbons generally have little solubility in water.

Distinguishing between Aldehydes and Ketones: You can tell whether a molecule is an aldehyde or a ketone by testing whether it is oxidized by Jones' reagent (CrO3/H2SO4). Aldehydes are rapidly oxidized to carboxylic acids, causing the disappearance of the orange color of Jones' reagent and the appearance of a greenish precipitate. Ketones are unaffected by Jones' reagent, so the orange color remains.
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DETECTING METHYL KETONES: Ketones that have a methyl group next to the carbonyl undergo a very special reaction that is readily observed: Treatment with iodine and NaOH cause the formation of iodoform (like chloroform, only with iodine). The iodoform is readily observed as a yellow precipitate.
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Preparing a Solid derivative: Solids can be characterized by their melting points, which can help you decide what the structure of a molecule is (if it is a known compound). Liquids can be characterized by their boiling points, but that information is less useful because many compounds have similar - indistinguishable - boiling points. In either case, it is often helpful to make a derivative - a compound made from your unknown - that is a solid to help identify a molecule. You can determine the melting point of the solid derivative, many of which are found in tables of derivatives for known compounds. For example, the 2,4-dinitrophenylhydrazones made from aldehydes and ketones are solids that have specific melting points. Once you determine the melting point of the 2,4-dinitrophenylhydrazone formed from your unknown, you can look up that melting point in a table of 2,4​dinitrophenylhydrazones and learn the structure of the aldehyde or ketone. These particular derivatives are used because they can be made with great reliability and they are nicely crystalline. Other types of solid derivatives of aldehydes and ketones also can be used, and most involve formation of the carbon-nitrogen double bond.
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	Safety Notes!

Many aldehydes and ketones are toxic, and all are flammable. Use only in well-ventilated space. Wash any

exposed skin with copious amounts of water. Keep away from flames.

Chromium is toxic and the Jones' reagent in which it is used is highly corrosive. Use 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, neutralized, and cleaned up immediately.

Sulfuric acid (which is a component of Jones' reagent and is used in the preparation of 2,4-DNP derivatives) and sodium hydroxide solutions are corrosive and can cause burns. Use caution 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, neutralized, and cleaned up immediately​

All materials must be discarded in the containers provided.


Procedure

Solubility in water. Place ca. 50 mg (or 1 drop of a liquid) of your unknown in a test tube. Add ca. 1 mL of water, stopper, and shake well. Record whether you have a homogenous solution or your unknown is either partially dissolved or remains undissolved.

Jones test. Dissolve ca. 50 mg (or 1 drop) of your unknown in 1 mL of acetone in a test tube. Add 1 drop of Jones' reagent and swirl to mix. Record whether the orange color of the reagent disappears and whether you observe a precipitate (and, if so, its color).

Iodoform test. Place ca. 100 mg (or 3 drops) of your unknown and 1 mL of water in a small Erlenmeyer flask or a test tube. If your unknown fails to dissolve, add with swirling 1 ,4-dioxane one drop at a time until your unknown dissolves. IMPORTANT NOTE!! Go slowly and mix well to avoid using too much dioxane. If you need to use more than a few drops of dioxane, it's best to start over, first dissolving your unknown in a minimum amount of dioxane, and then adding aqueous base, as described next.) Then add 1 mL of 10% (2.5 M) NaOH, swirl, and add drop-wise iodine/iodide solution until a deep red-brown color persists. Heat the resulting mixture in a water bath at 50°C, adding drop-wise additional iodine/iodide solution if necessary to get the red-brown color to persist for at least 2 min. Remove from the water bath, add drop-wise sufficient 10% NaOH to cause the disappearance of the red-​brown color, and cool to room temperature. (Using an ice-water bath will speed the cooling.) Record whether a yellow precipitate forms within 15 minutes. If so, collect the crystals by vacuum filtration using a Buechner funnel. Shut off the vacuum and wash the crystals with ca. 5 mL of cold water. Remove the wash water using the vacuum. Dry the crystals and determine their melting point. (Iodoform melts at 120 - 123°C.)

Preparation of 2,4-dinitrophenylhydrazone. Dissolve ca. 500 mg (or ca. 15 drops) of your unknown in a minimum amount of 95% ethanol (2 - 5 mL) in a 50 mL Erlenmeyer flask. Add 5 mL of 2,4-dinitrophenylhydrazine reagent, swirl to mix, and let stand 2 - 5 min. If crystals have not formed, heat 2 min. in a water bath at 50°C, then cool to room temperature. (Using an ice-water bath will speed the cooling.) Collect the crystals by vacuum filtration using a Buechner funnel. Shut off the vacuum and wash the crystals with ca. 5 mL of cold water. Remove the wash water using the vacuum. Repeat the washing a second time. Recrystallize your crystals from 95% ethanol, dissolving them in a minimum amount of hot 95% ethanol and then cooling in an ice-water bath. If no crystals form on standing, heat the solution to boiling and adjust enough water to cause a slight cloudiness. Then add sufficient (a few drops?) of 95% ethanol to make the solution homogeneous, and then cool it in an ice-water bath. Collect the recrystallized 2,4-dinitrophenylhydrazone derivative using vacuum filtration, wash it once with ice-cold 95% ethanol, dry it, and determine its melting point.

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.

Possible Aldehyde and Ketone Unknowns

	Aldehyde or Ketone
	Melting Point (OC)

2,4-Dinitrophenylhydrazone Derivative

	6- Methy-2-heptanone
	77

	4-Methyl-2-pentanone
	95

	Pentanal
	98

	4-Heptanone
	101

	Hexanal
	104

	2-Ethy1hexanal
	114

	2- Butanone
	116


Identification of an Aldehyde or a Ketone

Your Name: ________________________________   Your Lab Partner's Name: ___________________________
TA: _____________________________________       Lab Section: ___________________________________________
	Physical Characteristics

	crystalline form

(solid, liquid)
	

	appearance

(clear, cloudy, color, colorless)
	

	water solubility

(soluble, partially soluble, insoluble)
	


	Chemical Test Results

.

	Jones Test
	

	Iodoform Test
	melting point:


	2,4-Dinitrophenylhydrazone Derivative

	
	Melting Point

	actual derivative
	

	literature value of 2,4-DNP

of proposed structure
	


	Identity of Unknown

	Name:



	Structure:




Questions

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

2. Why is a solid derivative particularly useful for identifying your unknown?

(A)

(B)
3. The iodoform test is useful for detecting methyl ketones. One aldehyde also gives a positive test. Which one?

Why?

4. What may have gone wrong if, when you attempt to recrystallize your 2,4-DNP derivative, you obtain no crystals?

5. To perform the Jones test, you dissolved your unknown in acetone. Sometimes, acetone itself will give a positive test, which would give a false positive result if your unknown was a ketone. What is a likely explanation for acetone giving a positive test?

What can you do to avoid being fooled?

(1)

(2)
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