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Inspire Chemistry
Module 21

“Substituted Hydrocarbons & Their

Reactions”
*Carbonyl Compounds*



Learning Outcomes: o

1)
_C-—

D Identify the structures of carbonyl compounds, including

aldehydes, ketones, carboxylic acids, esters, and amides.

D Discuss the properties of compounds containing the
carbonyl group.




Focus Question

How do hydroxyl groups and carbonyl
groups functionally compare?



New Vocabulary

carbonyl group carboxylic acid
aldehyde ester
ketone amide

carboxyl group condensation reaction



Review Vocabulary

electronegative: indicates the relative ability of
an element’s atoms to attract electrons in a
chemical bond



°
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Real-World Reading Link

* Have you ever eaten a piece of fruit-flavored candy that tasted like
real fruit? Many natural fruits, such as strawberries, contain dozens of
organic molecules that combine to give the distinctive aroma and
flavor of fruits.

O
* The carbonyl group (_('{_ ) is found in many common types of

artificial flavorings.

O

|
—(C— (Carbonyl Group)
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Carbonyl Compounds

e Carbonyl compounds contain a double-bonded oxygen in the
functional group.

O

|
—(C— (Carbonyl Group)
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Organic Compounds Containing the Carbonyl Group

O O O
I
| |e— I >
/C\ ,/C\~
R™ H —C— R OH
Aldehyde Carboxylic acid
O
O I
J Sor
R” R R”OR
Ketone Ester




1. What is the functional
group shown at right?

—
A acarbonyl group | CORRECT




SSSSSSSSSSSSSSSSSSSSSSSSSSSS

d
\\
Aldehydes g/c\t\

General Formula

* An aldehyde is an organic *CHO
compound in which a carbonyl *represents an alkyl group
group located at the end of a or a hydrogen atom
carbon chain is bonded to a carbon
atom on one side and a hydrogen
atom on the other.

* Aldehydes have the general ?
ggrmula *CHO, where@represents —C—

Sn alkyl group or a hydrogen atom, Carbonyl group

as shown in table.
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. AN
Naming Aldehydes oW

* Aldehydes are formally named by changing the finak-e)of the name of the alkane
with the same number of carbon atoms to the suffix @

* Because the carbonyl group in an aldehyde always occurs at the end of a carbon
chain, no numbers are used in the name unless branches or additional functional

groups are present.

/v\

* Methanal is also commonly called formaldehyde.
¥

e Ethanal has the common name acetaldehyde.

~_ 7
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Examples of Aldehydes

Aldehydes
Examples of Aldehydes
Q
(NS PV H O

i =4
I H— —H
H=C—H

Methanal (formaldehyde) g
0

Ethanal (acetaldehyde)
H
C H—CH —
O< Q< Ao
H
AN OH

Benzaldehyde Salicylaldehyde Cinnamaldehyde

7\




Quiz

2. What has the general
formula shown at right?

2.4 a carbonyl group

B an aldehyde| cORRECT

|
«—C—H




s Properties of Aldehydes o-v

1 &
* An aldehyde molecule contains a polar, reactive structure. @
C

* However, like ethers, aldehyde moleculesmform gvdrogen bonds-among
themselves because the molecules have no hydrogen atoms bonded to an oxygen atom.

\ u
/ ¥ o v~C- QK

* Therefore, aldehydes have lower boiling points than alcohols with the same number of
N
arbon atoms.

* Water molecules can form hydrogen bonds with the oxygen atom of aldehydes, so
aldehydes are more soluble in water than (alkanes)but not as soluble as alcohols or
amines. e o




An aldehyde molecule contains a polar, reactive structure.
But aldehyde molecules cannot form hydrogen bonds




Ve

¥\l
. FoVLr/r\:\,aldehyde has been used for

preservation(<liull Lais) for many years.

* Industrially, large quantities of formaldehyde
are reacted with urea to manufacture a type
of grease-resistant, hard plastic used to
make buttons, appliance and automotive
parts, and electrical outlets, as well as the
glue that holds the Tayers of plywood
together.

Formaldehyde

MELAMINE
FORMALDEHYDE MARKET:

Opportunity and Industry Analysis, 2014<2022"
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Uses of Aldehydes
T

* Benzaldehyde and salicylaldehyde,
are two components that give
almonds(_sY) their natural flavor.

* The aroma and flavor of cinnamon,
a spice that comes from the bark of
a tropical tree, are produced largely
by cinnamaldehyde.

i
C—H

0

Benzaldehyde

i

O

@/\/H

(cinnamaldehvde

salicylaldehyde




Organic Compounds Containing the
Carbonyl Group

An oxygen atom double-bonded to a carbon atom is a carbonyl
group.

This group is the functional group in organic compounds known as
aldehydes and ketones.

O
|
—C—

Carbonyl group



Aldehydes

Aldehydes are organic compounds with a carbonyl group located at the end of
the carbon chain bonded to a carbon atom on one side and a hydrogen on the
other side.

Aldehydes are named with the suffix —al.



Aldehydes

Table 7 Aldehydes

General Formula Examples of Aldehydes

*CHO H O
O |l
‘represents an alkyl group or a H—(IIZ—H H—(I:—C—H
hydrogen atom H
Methanal
(formaldehyde) Ethanal (acetaldehyde)
O
I H H H H O
—C— | | | | |
Carbonyl group @
OH

Benzaldehyde Salicylaldehyde Cinnamaldehyde
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Ketones

* A carbonyl group can also be

located within a carbon chain General Formula ‘

rather than at the end.

* A ketone is an organic compound ﬁ ;
in which the carbon of the @ |
carbonyl group is bonded to two D

other carbon atoms. Ketones
have the general formula shown
in the picture.

where@and@r&preaent
carbon chains or rings bonded to

functional groups
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Ketones The carbon of Carbonyl O

* The carbon atoms on either side
of the carbonyl group are @ C H 3

bonded to other atoms.

* The simplest ketone, commonly |
known as acetone, has only
hydrogen atoms bonded to the
side carbons.




:
|
0
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Naming Ketones & '~

* Ketones are formally named by changing the -e at the end of the
alkane name to —one.

e

* and including a number before the name to indicate the position of

(=

the ketone group. J-ewpaX g
I H(O\ ®
H — H
| 3
H H

2-Propanone
(acetone)

* In the previous example, the alkane name propane is changed to
propanone. The carbonyl group can be located only in the center, but
the prefix 2- is usually added to the name for clarity.
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Naming Ketones

* Examples \
ety
SR RE AT
(a4 o
AL
H —{G \ C H H—C—C—C—H
H H H ' -

@Butannne
— E—Prﬂpanclr’B
(methyetiyl ketoge) (acetong



Quiz \Q

\\

s

3. What is the name of the
compound with the formula

shown at right?

254 2-butanal

CB 2—butan@ CORRECT

2, ethyl methyl ether

2, methyl ethanoate

AL

—CC
H

I—O—TI\ 7P

IrI—0O—2I
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Properties and Uses of Ketones

* Ketones and aldehydes share many chemical and physical properties
because their structures are similar.

* Ketones are polar molecules and are less reactive than aldehydes.
For this reason, ketones are popular solvents for other moderately
polar substances, including waxes, plastics, paints, lacquers,

. —_— — ——
varnishes, and glues.

* Like aldehydes, ketone molecules cannot form hydrogen bonds with
each other but can form hydrogen bonds with water molecules.

Therefore, ketones are somewhat soluble in water.

* Acetone is completely miscible with water.
H__—/—/—’\ =




sssssssssssssssssssssssssssssssss

O O0-
1 -
_Co+
R R R

A Ketone molecule contains a polar, less reactive than aldehydes.
But ketone molecules cannot form hydrogen bonds




-
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* Name the following compound

Butanal
\\/C ~ 2O Cyclobutanone
J
-___,.-"'-.-(-.-""- C&;C} le é“'fﬂ
j ydohexanone gLy
~— , . .
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Key Concepts

e Carbonyl compounds are organic compounds that contain the C=0
group.
* Five important classes of organic compounds containing carbonyl

compounds are aldehydes, ketones, carboxylic acids, esters, and
amides.



A ketone is an organic compound in which the
carbon of the carbonyl group is bonded to two
other carbon atoms.

Ketones are named by changing the —e at the
end of the alkane name to —one, and including
a number before the name to indicate the
position of the ketone group.



Ketones

Table 8 Ketones

General Formula Examples of Ketones

@) i H O H H O H H
Il \ | O O
R—C—R’ H—(IZ—C—(IZ—H H—(IZ—C—(IZ—(IZ—H
H H H H H
where R and R represent carbon 2-Propanone 2-Butanone
chains or rings bonded to ‘ (acetone) (methyl ethyl ketone)
functional groups




Properties of Aldehydes and Ketones

Aldehydes and ketones share many chemical and physical
properties because their structures are similar.

Both aldehydes and ketones form hydrogen bonds with water,
but not with themselves. Both are somewhat soluble in water.
Formaldehyde is used as a preservative.

Other aldehydes give flavor to natural foods, such as almonds
and cinnamon.

Ketones are popular solvents for other moderately polar
substances, such as waxes, plastics, paints, lacquers, varnishes,
and glues.



sssssssssssssssssssssssssssssssss

Carbonyl Compounds

e Carbonyl compounds contain a double-bonded oxygen in the
functional group.

O

|
—(C— (Carbonyl Group)
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Organic Compounds Containing the Carbonyl Group

O O O
R™H —C— —TR" "OH
Aldehyde Carboxylic acid

| O
O I
)i kS lom
R” R R OR
Ketone Ester
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Carboxylic Acids

* A carboxylic acid is an organic compoupd that has a(carboxyl group.

* Carboxyl group consists of a carbonyi“lg’roup bonded to a hydroxyl-oit

————

group. / /

O
[ \
Y Ca

A carboxyl group

A carboxyl group is usually represented in condensed form by writing —COOH.
For example, acetic acid, the acid found in vinegar, can be written as CH;COOH
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Carboxylic Acids (General Formula)

3 ]
—C—0H
R

where R represents carbon
chains or rings bonded to

functional groups
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Activity

 What is the difference between carbonyl and carboxyl group?

(Hint: draw them both and compare)

O O
T |
—C— — “~On

carbonyl carboxyl
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Naming Carboxylic Acids

* The formal name is formed by changing the|-anelof the parent alkane
to -anoic acid. Thus, the formal name of acetic acid is ethanoic acid.
_—— ——

Examples

. g
H 0 0 (¢

A Q—H
Ethanoic acid (acetic acid) Methanoic acid (fgrmic acid)
Ethane - Ethanoic Acid Methane - Mathanoic Acid
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Properties of Carboxylic acid

e Carboxylic acids are polar and reactive.
.

F "~ L | +
weall acds HSD
* Those that dissolve in water ionize weakly to produce hydronium ions, the
anion of the acid in equilibrium with water, and the unionized acid.

ccetic «cid  clhs it
e Recall: The ionization of ethanoic acid.

—

)

r:chamgﬂm = CH3COO0(aq) + H;0*(aq)

Ethanoic acid (acetic acid) Ethanoate ion (acetate ion)




sssssssssssssssssssssssssssssssss

Properties of Carboxylic acid = Acos

e Carboxylic acids can ionize in water solution
because the two oxygen atoms are highly
electronegative and attract electrons away |
from the hydrogen atom in the —OH group. l

* As a result, the hydrogen proton can transfer .\
to another atom that has a pair of electrons ~ °
not involved in bonding, such as the oxygen
atom of a water molecule. Because they
ionize in water, soluble carboxylic acids turn
blue litmus paper nd have a sour taste
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ﬂca rboxylic Acid
* An acid with two carboxxl groups is called a dicarboxylic acid.

* Some important carboxylic acids, such as oxalic acid and adipic acid, have two or more carboxyl groups.

GOED

* Others have additional functional groups such as hydroxyl groups, as in the Iactlc acid found in‘yogurt.

N
—ou ®
CHa,
OH
™ @(\)Dﬂd‘ OH
* Typically, these acids are more soluble in water and often more acidic than acids W|th only a carboxyl group.
ypically, é y yl'g IOA

FR ST



Carboxylic Acids

Carboxyl groups are carbonyls bonded to a
hydroxyl group. They are represented as
—COOH.

Carboxylic acids are organic compounds that
have a carboxyl group.

Carboxylic acids are named by changing the
—ane to —anoic acid.



Carboxylic Acids

Table 9 Carboxylic Acids

General Formula Examples of Carboxylic Acids
O

I | H O
*=—C—0H |l
H—C—C—OH 0
where * represents a hydrogen | [
H H—C—O—H

atom, carbon chain, or ring
bonded to the functional group ‘ Ethanoic acid (acetic acid) Methanoic acid (formic acid)




Carboxylic acids are polar and reactive, and
ionize partially in water to form hydronium
ions, so they are considered weak acids.

They have properties of other acids. For
example, they turn blue litmus paper red, and
they have a sour taste.

Methanoic acid, also called formic acid, is used
by ants as a defense.

Ethanoic acid, also called acetic acid, is the
acid found in vinegar.

Lactic acid, found in yogurt, is a carboxylic acid
with additional hydroxyl groups.
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Organic Compounds Derived from Carboxylic Acids

* The hydrogen or the hydroxyl group of a carboxylic acid is replaced by a different

atom or group of atoms. The two most common classes are esters and amides.
O I —_—

Ester




R acid R ——
Carboxylic catalyst Ester
—_— e

aci
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Naming esters
* Write the name of the alkyl group followed by the name of the acid with the (ic >
cate>

acid ending replaced by
* Note how the name propyl results from the structural formula.

* The name shown in parentheses is based on the name acetic acid, the common
name for ethanoic acid.

= Figure 11 Esters are responsible
for the flavors and aromas of many fruits.

The aroma of strawberries is due in part to OL‘(e

methyl hexanoate. Ethyl butanoate contrib-

utes to the aroma of pineapple. Most natural
- aromas and flavors are mixtures of esters, k\/&-&“

aldehydes, and alcohols.

MY
O

e\t\wA)

I
C‘:H3(€H2 Hz('\—O CH2CH
Ethxl butanoate

[
CH3(CH2)4C . O B CH3
Methyl hexanoate
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Naming esters

* Write the name of the alkyl group followed by the name of the acid with the -ic
acid ending replaced by —ate.

* Note how the name propyl results from the structural formula.

* The name shown in parentheses is based on the name acetic acid, the common
name for ethanoic acid.
Ester

(\w %
{i (CE g- O | CH;

\

Mefhy | lﬂemvm;ﬁ % =7 @\(\3( \‘”*o‘“@
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Properties of Esters
(WIS

wX'* polar molecules and many are
D) —_— )
<«volatile and @veet-smelllng.

 Therefore, esters are manufactured
for use as flavors in many foods

and beverages and as fragrances in "M Dol il [l et

[l
candles, perfumes, and other - -_Il;li"ft:-:.] "gl t‘ } 1
|| S , 28 |

M !
h-o

scented items.

) i{ 7l ﬁ
3 . { )
by
. oJ ) :
- e - - ‘—w .....
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* An amide is an organic compound in which the —OH group of a
carboxylic acid is replaced by a mtrogen atom bonded to other

atoms.

General Formula

H ' H
€ Carboxylic Amine Amide Water
acid (ammonia
\_/in this case) vy /

O,
: A ‘con ation” reaction
Amide group 1 because water is a byproduct

(191\0925\ “ ‘\VWA(\Q
£ N

Bonds Bonds
Formed Broken

+ H-O-H C—-N C-O
O-H N-H
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Amides

* The general structure of an amide is shown in table.

* Amides are named by writing the name of the alkane with the same
number of carbon atoms, and then replacing the final-e)with -amide.

poni O
H (O H
H-tC G- N
H

Ethangeamad e
C )(\,O‘QO»NC\AQ..
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Amides

* The general structure of an amide is shown in table.

* Amides are named by writing the name of the alkane with the same
number of carbon atoms, and then replacing the final -e with -amide.

* Thus, the amide shown in table is called ethanamide, but it can also
be named acetamide from its common name, acetic acid.

‘ Examples of Amides

H(O Y2
H [
L\ CH,Co
H—C—C—N N OH
| - |
H H

\ Etha namide‘a cetamide) Acetaminophen
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Condensation Reactions

* In a condensation reaction, two smaller_organic molecules combine
to form a more complex m le accompanled by the loss of a small

molecule such as water.
/ \ Sec\/\DW L_'

* In essence, a condensation reaction is an elimination reaction in
which a bond is formed between two atom;n_oigrewously bonded to

each other. @ Lords cre Loeorad
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Condensation Reactions

* The most common condensation reactions involve the combining of

(carboxylic acids\with other(organic molecules.

* A common way to synthesize an(ester|7|s by a condensation reaction
between a carboxylic acid and an alcohol

* Such a reaction can be represented by the following general equation.

4
o '\°°*d‘ O Alowdl Es\er veler
RCOOH + R'OH —s RCOOR’ + H,0

é—

CQQ\‘\' + WV, — ECGNHL“( \F3®

eswm\ A I




Condensation Reactions

* |n a condensation reaction, two smaller organic molecules combine
—to form a more complex molecule, accompanied by the loss of a
small molecule, such as water.

H O
I 0
H C—OH H I
H C—OH
H OH + HO—CCH; — + H50
H o — H O—CCH,;
O ¥ I
O
Salicylic acid Acetic acid Acetylsalicylic aqid Water

(aspirin)



Organic Compounds Derived from
Carboxylic Acids

 Esters and amides are both derived from
carboxylic acids.

 They have structures in which the hydrogen or
the hydroxyl group of a carboxylic acid is
replaced by a different atom or group of atomes.

* An ester is any organic compound with a
carboxyl group in which the hydrogen in the
hydroxyl group is replaced by an alkyl chain.



 To name an ester, write the alkyl group
followed by the name of the acid with the
—oic acid ending replaced with —oate.

* Esters are polar molecules, and many are
volatile and sweet-smelling.

 Many esters are found in fruits and flowers.



Esters

Table 10 Esters

General Formula Examples of an Ester

Ethanoate group Propyl group
j | O & |
7 I
*—C—O—R CHg_IC_O_CII_IQCHz(:Hg
Ester group

Ester group

Propyl ethanoate
‘ (propyl acetate)




 An amide is an organic compound in which
the —OH group of a carboxylic acid is replaced
by a nitrogen atom bonded to other atoms.

e The amide functional group is found repeated
many times in natural proteins and some
synthetic materials.



Amides

Table 11 Amides

General Formula Examples of Amides

H O H O
® | |1 M |l
A | H—C—C—N H—C—C—N—©—OH
«=—=C—N | \H | |
N H H H

Amide group Ethanamide (acetamide) Acetaminophen




14. MAINIDEA Classify each of the carbonyl compounds as one of the types of

organic substances you have studied in this section. E?
O
TS e R/ R
CH,CH>F O H
-—/
'g,) N QXQ\NJ\@\VLO‘\Q
SN O Ro ~CR

Ety | efroront€



14. MAINIDEA Classify each of the carbonyl compounds as one of the types of
organic substances you have studied in this section.

O
Ol 1 O
e P«\év‘f\gf]?
&/C\N\XZ/ K/IE\W
b. (|i d. (ljl)
("CH,TH,TH,C 3 NH, \CHCH,CH CH

\7Mn0£”\'\3 : \D ‘))Vg\(\KO.X

——




14. MAINIDEA Classify each of the carbonyl compounds as one of the types of
organic substances you have studied in this section.

a. (l'l) c. O
CH;CH,— O —C—CH,

b. @ d. @)
|

|
CH,CH,CH,C — NH, CH,CH,CH,CH

a. Ester (Ethyl ethanoate)
b. Amide (Butanamide)

c. Ketone (Cyclohexanone)
d. Aldehyde (Butanal)



Quiz

4. Esters and amides both have structures in which the
hydrogen or hydroxyl group of a(n) is
replaced by a different atom or group of atoms.

2. aldehyde

D carboxylicacid CORRECT



