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EXPERIMENT 29

Aldehydes, Ketones,
and Carboxylic Acids

Performance Goal

29-1 Identify an unknown as an aldehyde, ketone, or carboxylic acid.

CHEMICAL OVERVIEW

Aldehydes and Ketones

Organic compounds are best studied according to the functional groups
they contain. Aldehydes and ketones both contain the carbonyl group,

C=0
/

In aldehydes, one of the bonds is always connected to a hydrogen atom.
Thus all aldehydes have a

=0
H
group. All carboxylic acids contain the carboxyl group,
0)
7
C

N
OH

When a primary (1°) alcohol is oxidized, the product is an aldehyde, while
a secondary (2°) alcohol yields a ketone. The —CHO group of an aldehyde
is easily oxidized to a carboxylic acid:

OX.
R—CHO —> R—COOH
(29.1)

Aldehyde Carboxylic acid
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Ketones, on the other hand, resist oxidation. This difference is the basis
of several common laboratory tests that distinguish aldehydes from
ketones. Two such tests use metal ions as the oxidizing agent:

Ag*
R—CHO ——> Ag(s) + R—COOH Tollen’s test (29.2)
Cu2+

R—CHO —> Cu,0O(s) + R—COOH Benedict’s test or Fehling’s test ~ (29.3)
(0]

A very common way to identify a ketone with an R—C —CHj4
group is the iodoform test. lodoform, CHI;, is a yellow solid with a melting
point of 119°C. The ketone reacts with I, in an alkaline solution to give CHI;:

0
I

1,, NaOH
R—C—CH; —> R—COO" + CHI;(s) (29.4)

Iodoform has a characteristic medicine-like smell, which helps to establish
its presence.

The lower-molar-mass aldehydes and ketones are water soluble, but as
the carbon chain lengthens, they become insoluble.

Carboxylic Acids Most organic acids are weak acids because they ionize only slightly in
aqueous solutions. For example, 1 molar acetic acid is only about 1 percent
ionized; 99 percent of the compound remains in molecular form. Even
though the hydrogen ion concentration is lower than it would be for the
same concentration of a strong acid, such as HCl, HNO;, or H,SO,, the
solutions of organic acids are acidic. They have low pH values, whereas
aldehydes and ketones are neutral.

Organic acids, except for those with low molar mass, are not soluble in
water. Upon reaction with a strong base (NaOH), they form salts that are
water soluble.

o) 0
7 7
R—C + OH- —— R—C\ + H,0  (29.5)

OH (On

A typical acid-base reaction occurs between carboxylic acids and
aqueous NaHCOj;. Gaseous CO, is produced according to

@) 0
7 7
R—C\ + HCO; ——> R—c\ + H,0 + CO,(2) (29.6)

OH o

Neither aldehydes nor ketones react with aqueous NaHCO:.

When a carboxylic acid reacts with an alcohol, the product is called an
ester (see Experiment 31). Many esters have distinct odors (oil of wintergreen,
banana oil, apricot oil, etc.) and are widely used as scents or flavorings.
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SAFETY PRECAUTIONS AND DISPOSAL METHODS

Several organic compounds used in this experiment are volatile and have
very strong odors. Handle these chemicals in the hood and be careful not
to get them on your skin. Acetone is flammable; do not use it near flames.
Avoid breathing the vapors of chemicals; some are potentially harmful. Be
sure to wear eye protection while performing this experiment.

Dispose of the organic liquids in a special container provided or as
directed by your instructor. Do not pour organic liquids down the sinks!

PROCEDURE
1. Aldehydes and Ketones

2. Carboxylic Acids

A. Benedict’s test. Label three clean, dry test tubes and pour 1 mL of
formaldehyde solution, propanal, and acetone into separate test tubes.
Prepare a fourth tube with deionized (distilled) water (to be used as a
blank). Add to each test tube 5 mL of Benedict’s reagent. Place the test
tubes in a boiling-water bath for 2 to 3 minutes. The formation of a
reddish-brown precipitate (Cu,O) indicates the presence of an alde-
hyde. To be considered a positive test, a precipitate must be present.
Enter your observations on the work page.

B. Iodoform test. Label three large test tubes and add 2 mL of water to
each. Now add 5 drops of formaldehyde solution, propanal, and ace-
tone to separate test tubes. Pour 1 mL of 10% NaOH solution into each
and add dropwise, with shaking, enough iodine test solution to give a
definite, dark iodine color. If at this point less than 2 mL (about
40 drops) of iodine solution was used, heat the test tube in a water bath
at about 60°C. If the solution is decolorized on heating, add more
iodine test solution until the dark color persists for 2 minutes at 60°C.
Now add a few drops of 10% NaOH while shaking to expel any
unreacted iodine. The solutions at this point will remain yellow.

Fill each test tube with deionized water and allow it to stand for
15 minutes. (Proceed with the next part of the experiment while
waiting.) If a methyl ketone was present, a yellow precipitate (CHI;)
will form. Record your observations on the work page.

A. pH test. Pour 5 mL of deionized water into four labeled test tubes. Add
1 mL of acetic acid to the first test tube, 1 mL of propionic acid (also
called propanoic acid) to the second, and 0.1 g of salicylic acid to the
third. The fourth test tube will serve as a blank. If the acid does not
dissolve, use ethanol as a solvent instead of water and then add water
until crystals just begin to form. Test the pH of each solution with a pH
paper and record your observations on the work page.

B. Sodium hydrogen carbonate test. To three labeled test tubes add 3 mL
of 10% sodium hydrogen carbonate (NaHCO;) solution. To the first
one add 10 drops of acetic acid; to the second, 10 drops of propionic
acid; and to the third, 0.1 g of salicylic acid. A distinct fizzing sound
or visual observation of the formation of CO, bubbles constitutes a
positive test.
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3. Identification of an
Unknown

Obtain an unknown from your instructor. If it is a solid, use 0.1-g portions;
if it is a liquid, use the same amount you used for the knowns. Repeat tests
A and B for aldehydes and ketones, followed by the tests for carboxylic
acids. Based on your observations, classify your unknown as an aldehyde,
ketone, or acid. Enter your observations on the work page.
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Name Date Section

Experiment 29
Advance Study Assignment

1. Answer the following questions as true (T) or false (F):
a. Organic acids are weak acids.
b. The pH of 0.10 M HCl is higher than the pH of 0.10 M acetic acid.
¢. Sodium salts of organic acids are soluble in water.
d. Both aldehydes and ketones contain the carbonyl group.

2. Describe the difference in behavior between ketones and carboxylic acids when reacting with sodium
hydrogen carbonate.

3. If an unknown compound in this experiment gave a negative Benedict’s test, a positive iodoform test,
and a negative sodium hydrogen carbonate test, it would be a(n) (aldehyde, ketone, or carboxylic
acid):
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Name

Experiment
Work Page

29

PART 1—Aldehydes and Ketones

Step A—Benedict’s Test

Date

Section

Test Tube Substance Yes No
1 Formaldehyde
2 Propanal
3 Acetone
4 H,O
Step B—Iodoform Test
Room Temp. 60°C
Test Tube Substance Yes No Yes No
1 Formaldehyde
2 Propanal
3 Acetone
PART 2—Carboxylic Acids

Step A—pH Test

Compare results obtained on the three knowns to the pH of your deionized (distilled) water.

Test Tube Substance Approx. pH
1 Acetic acid
2 Propionic acid
3 Salicylic acid
Are the solutions acidic , neutral , or basic ?
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Step B—Sodium Hydrogen Carbonate Test

Test Tube Substance Yes No
1 Acetic acid
2 Propionic acid
3 Salicylic acid
PART 3—Unknown
Unknown number
Benedict's test:  Yes No
Iodoform test:  Yes No
pH test:  Acidic Neutral Basic

Sodium hydrogen carbonate test:

Yes

, a ketone

Compound is an aldehyde

, an acid
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Name Date Section

Experiment 29
Report Sheet

PART 1—Aldehydes and Ketones

Step A—Benedict’s Test

Test Tube Substance Yes No
1 Formaldehyde
2 Propanal
3 Acetone
4 HO

Step B—Iodoform Test

Room Temp. 60° C
Test Tube Substance
Yes No Yes No
1 Formaldehyde
2 Propanal
3 Acetone

PART 2—Carboxylic Acids
Step A—pH Test

Compare results obtained on the three knowns to the pH of your deionized (distilled) water.

Test Tube Substance Approx. pH
1 Acetic acid
2 Propionic acid
3 Salicylic acid
Are the solutions acidic , neutral , or basic ?
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Step B—Sodium Hydrogen Carbonate Test

Test Tube Substance Yes No
1 Acetic acid
2 Propionic acid
3 Salicylic acid
PART 3—Unknown
Unknown number
Benedict's test:  Yes No
Iodoform test:  Yes No
pH test:  Acidic Neutral Basic
Sodium hydrogen carbonate test:  Yes No
Compound is an aldehyde , a ketone , an acid






