In this section, you wil

w name and draw members
of the aicohol, alkyt halide,
ether, and amine families
of organic compounds

w describe some physical and
chemical properties of these
families of compounds

® communicate your under-
standing of the following
terms: alcohol, parent
alkane, alky! halide,
haloatkane, ether, aming

onal Groups

You may have read murder mystery novels in which the detective
discovers an unconscious victim lying beside a wad of cloth on the floor.
The detective snills the cloth, notices & distinctive sickly-sweel smell,
and announces: “Aha! Chloroform was used to knock ot the victim."
Chloroform, CHCIy, is an organic compound that was used for many years
ag an anaesthetic during surgery. Diethyl ether, CH3CH,OCH,CHy, also
known as “ether,” is another organic compound thal was ence a common
anaesthetic, Because of their toxic and irvitaling properties, chioroform
and ether have been replaced in the operating room by other, less harmiul,
crganic compeunds such as methyl propyl ether, CH,0CH,CH,CH,. All
three of these compounds have functional groups with single bonds.

In the previous section, you learned how functional groups affect the
physical and chemical properties of organic compounds, In this section,
you will be inlreduced to several classes of organic compounds thal have

single-bonded functional groups.

Organic compounds
with singie-bonded functional
groups have fong heen used as
anaesthetics.

Compounds With Single-Bonded

Functional Groups

Alcohols, alkyl halides, ethers, and amines

all have functional groups with single bonds. These
families of compounds have many interesting uses in
daily life. As you learn how to identify and name these
types of compounds, think about how intermolecular
forces affect their properties and uses.

Alcohols

An aleohol is an organic compound that conlains the
- 0H, or hydroxyl, functional group, Depending on
the position of the hydroxyl group, an alcohol can be
primary, secondary, or lertiary. Figure 10.3 gives soma
examples of alcohels,

primary alcohol

HQO= CHy = CHy = CHy —CHy

The hydroxy! group is honded
{0 a carben that is bonded to
onty one other carbon atom.

tertiary alcohol

secondary alcohol

0OH

CHy— CH—CH,— CH,

The hydroxyl group is bonded
to a carbon that is hended to

two other carbon atoms.

CHy
CHy— C—CH;

OH

The hydroxyl group is bonded
to a carbon that is bonded to

three other carbon atoms.
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Table 10.2 lisls some common alcobals and their uses. Alcohols are very
widely used, and can be found in drug stores, hardware stores, liquor
slores, and as a component in many manufactured products.

Tahle 10.2 Common Alcohols and Their Uses

methanal wood alcohol,

methyl alcohol Processes

) e ( H 64.6°C . .
CHy OH ! component of aulomobile
anlifreeze

solvent in many chemical
. . o processes
CHy—CHy—0OH 782t component of alcoholic
beverages

antiseptic liquid

alhanol grain alcohol,
elthyl alcohol

2-propano] isopropanol, CH, « antiseptic liguid
isopropyl aleohel, . b pare
L 3 — 82.4°C
rubbing alcohol S/ CH~—OH
CHj
1,2-ethanediol ethylane glycol . . . . « main component of
' ' T CHg CHz—0F: 197.6°C : .
HO——CHg— CH,~0H 197,61 automobile antifrecze

Alcohols are named from the parent alkane: the alkane with the same
basic carhon structure. Follow the steps below to name an alecohoel. The
Sampie Problem that follows gives an example.

How to Name an Alcohol

Step1 Locale the longest chain thal contains an — OH group altached to
ome of the carbon atoms. Name the parent alkane.

Step 2 Replace the -e al the end of the name of the parent alkane with -ol.

Step 3 Add a position number before the root of the name to indicate the
location of the —OH group. (Remember to number the main chain
ol the hydrocarbon so that the hydroxyl group has the lowest possi-
ble pesition number.} If there is more lhan one — O group, leave
the - in the name of the parent alkane, and put the appropriate
prefix (di-, wi-, or tetra-) before the suffix -ol.

Step 4 Name and number any other branches on the main chain. Add the
name of these branches to the prefix,

Step 5 Put the name topsther: prefix + root + suffix,

If an organic compound is
complex, with many side
Problem branches, the main chain may
Name the lollowing atcohol. Identify it as primary, secondary, not be obvious. Sketch the
compound in your notehook

) ) . or on scrap paper. Circle or
CHy == CHy = Gl highlight the main chain

or lerliary.

HO-—CH,— CHy == Gl CH,
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Solution

www.negrawhilb.ca/links/

atichemistry - Step1 The main chain has six carbon atoms, The name of the parent
Methano! and ethanol are alkane is hexane.
produced indusliially from " Step2 Replacing -e with -0l gives hexanol.

natural, renewable rescurces.
Go to the web site above, and
click on Web Links to find out . Step4 A methyl group is present at the third carbon, The prefix
where to go next. Research the | ; is 3-methyl.

processes that produce these ' ’
important chemicals, From
where do they obtain their raw
materials?

Step3 Add & position number for the — QM group. 1o obtain 1-hexancl.

Step 5 The full name is 3-methyl-1-hexanol. This is a primary alcohol.

8. Name each alcohol. Identify it as primary, secondary, or lertiary.
O

l
(a) CHy — CH,— CH,— OH {d) CH = CH — CH—CH,—CIy

OH
O
)\/ A)\/L/OH
(b} ()
OH
{c}
. Draw each alcohol.
{a) methanol {# s-ethyl-4-methyl-1-octanoc]
{h) 2-propanol {e} 2.4-dimethyl-1-cyclopentancl

{c) 2,2-butanediol

10. Identify any errors in each name. Give the correct name lor
the alcohol.

{a) 1,3-heptanol
O

HO == CHyp = CHy == CH—CH,— M,
{b} 3-ethyl-4-ethyl-1-decanol

OH
(¢) 1.2-dimethyl-3-butanol
CHy
CHy— CH ~— CH—CH,4
CHy OH

1. Sketch a three-dimensional diagram of methanol. Hint: Recall that
the shape around an oxygen atom is bent.
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Table 10.3 Jisls sume common physical properties of alcohols. As
vou learned earlier in this chapler, alcohols are pelar molecules that
experience hydrogen bending. The physical properties of alcohols
depend on these characleristics.

Tahle 10.3 Physical Properties of Alcohols

Palarity of functional group | ‘The O--11 bond is very pelar. As the number of carbon
atoms in an alcohol becomes larger, the alkyl group’s
non-polar nature becomes more impartant than the palar
0-—H bond. Therefore small alcohols are more polar
than alcohols with large hydrocarbon portions.

Hydragen honding Alcohols experience hydrogen bonding with other
alcohol malecules and with water

Solubility in water The capacity of alcohols for hydregen bonding makes
them extremely soluble in waler. Methanol and ethanol
are miscible (infinilely soluble) with water. The
solubility of an alcohol decreases as the number of
carbon atoms increases,

Melting and boiling points | Due 1o the strength of the hydrogen bonding, most
alcahols have higher melting and boiling points than
alkanes with the same number of carbon atoms. Mosl
alcohols are liquids al room temperalure.

Additional Characteristics of Alcohols

» Most alcohols are poisonous. Methanol can cause blindness or dealh
when constmed. Isthanol is consumed widely in moderale quantities,
bul it causes impairmeant and/or death when consumed in excess.

Heactions of Alcohols

Alcohols can reacl in several ways, depending on the reactants and on the
conditions of (he reaction. For example, alcohols can undergo combuslion,
substitulion with halogen acids, and elimination to form alkenes.

Combustion of Alcohols

Alcohols are extremely flammable, and should be handled with caution.
Like hydrocarbons, alcohels react with oxygen in combustion reactions lo
proeduce carbon dioxide and water,

CHy—CHy—0O1 + 30,  — 2C0;  +  3H,0

ethanoi oxygen carbon dioxide  water

The complete combustion of ethanel produces carhon dioxide and water.

Substitution Reactions of Alcohols

When o halogen acid, such as HCL, HBr, or HI, reacts wilh an alcobol,
the halogen atom is subslituted for the QM group of the alcohol This is
shown in Figure 10.5.

CHy—CH,— O+ HC - CHy—CHy—C¢ + H,0

Ethanol reacts with hydrochloric acid to produce chloroethane.
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Elimination Reactions of Alcohols

When an alcohol is healed in the presence of the strong acid and dehy-
drating agent, HoSO,, an elimination reaction takes place. This type of
reaction is shown in Figure 10.6, below. The OH group and one H alom
leave the molecule, and water is produced. As a resull, the maolecule
forms a double bond, Because water is produced, this type of reaction
is also called a dehydrotion {meaning “loss of waler”) reaction,

I OH i .
1,8C AN S
1 —H _lI_’f’ﬁ‘_; == + 1,0
A n’ Ny
H H
ethanol ethene water

The A symbol is used in chemistry to represent heat added to a reaction.

Alkyl Halides

On the previous page, you saw that alcohels can undergo substitution
reactions with halogen acids to produce a different kind of organic
compound. An alkyl halide (also known as a halealkane] is an alkane
in which one or more hydrogan atoms have been replacaed with halogen
atoms, such as F, Cl, By, or L. The general formula for alkyl halides is
R—X, where X represents a halogen atom. Alkyl halides are similar

in structure, polarity, and reactivity te alcohols. To name an alkyl
halide, first name the parent hydrocarbon. Then use the prefix fluero-,
chloro-, bromo-, or jodo-, with a position number, Lo indicate the
presence of a luorine atom, chlorine atom, bromine alom, or iodine
atom. The following Sample Problem shows how Lo name an atky] halide.

Problem
Name the following compound.
Br

CH;

solution

The parent hvdrocarbon of this compeund is cyclohexane, There are
two bromine atoms attached al position numbers 1 and 3. Therelore,
part of the prefix is 1,3-dibromo-. There is also a mathyl group al
position nwmber 4. Because the groups are pul in alphabetical order,
the full prafix is 1,3-dibromo-4-methyl-. (The ring is numbered so that
the two bromine atoms have the lowest possible posilion numbers,
See the Problem Tip on page 361.) The full name of the compound is
1. 3-dibromo-4-methyleyclohexane.
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